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BIOCHEMISTRY OF FED STATE

Fed state/absorptive phase :

* Aiso called as post prandial state.

*  Storts within a-4 hours of food intake.

* Digestion § absorption of food takes place. |

*  Plasma level of glucose, amino acids, Qoec{B ocids S cinonl
Slgcerol level increases.

. Chglomicrons which carry ’«\acBI Slgcerol also increases.

Insulin secretion 00:02:45

Hormone of fed stote : Insulin.
Insulin starts to rise when blood glucose level > 2.9 mmol/ L or

70 ms/dl.

Slucose is transported to beta cells of pancreas through
SLUT a 1 rter.
ST a: wm\m y J(mn@xr)r‘}%rrrowed|t|on6notes
Once inside the beta cells :
glucose
Glucokinase
Glucose b phosphote

Pﬂru\/ake —> ATP

ATP/ADP ratio increases which results in closure of ATP
sensitive K channels.

Resulting in depolarisation of membrane.

Opening of voltage gated colcium channels opens, resulting in
Co® inSlux.

Calcium stimulote secretory vesicles carrying insulin, resulting
in S secretion.

C peptide is co-secreted along with insulin.

Active space
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Beta cell Pancreas

Glucose

ATP sensitive
K+ channels
(Close)

Q —a-bP—,

ATP/AOP

ineretin

recep&or

Insulin

Incretin ¢ + - vottage gated
(o Pephde Coa+ channel
Secreted from:

* Neuro endoerine cells of T (L cello).

* Intraislet alpha cells.

a ’cgpes :

*  &lucose dependent insulinotrophic peptide (&IP).
*  &lucagon like peptide (GLP-D.

Action :  @marrowedition6notes
*  |Increoses the cAMP levels inside beta cells reSuKinS in

secretion of insulin.
* Hence incretin anolgoues are used in the treatment ot
diobetes mellitus.

Mechanism of action of insulin 00:07:53

Insulin binds to insulin receptors (IR, a heterotetramer

receptor with & types of subunits (a alpha. § & beta, subunits).

Insulin binds to the ex’cmcgkoplasm'\c alpha subunit.

Stimulation 6P ieseatstaer cryosine kinase in beta

subunit. \

Resulting in autophosphorylation of tyrosine residues in beta

subunit.

PhosPhorglaﬁon ignites a. complex signal cascade.

stimulates insulin receptor substrate (IRS).

*  Binds to SHA (Sre homology &) domain of P13 Kinase
(phosphatidyl inositol triphosphate) (RS 1-4).

*  Binds to SHA domain of &R&A receptor.

eoeds aAOY
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Turosine Kkinose
(éjem subunit)

S & GittiioR
WAMMALY ALY
\_/ |

Insulin recep&or substrate
| ISHa SHal |

N

1 Protein 1 G@ene T&nzgme | cell growth
translocation &mnscrip&ion ac’civikﬂ

]

T aLuT 4 Glucokinase  Phosphodiesterase

T insulin receptor phosphatase

Liver in fed state 00:14:58
Glucose enters liver k’nrough GLUT a transporter.
Glut 4 : Low o&%‘m‘u’g transporter.

alucose P - T — e —\\

7 Gucose —— G-~ — pmpP shunt /
/ Exhjcolgssl J mlo'pH ,/./
pB\'uVQ& //',

‘( ! 1A S
Acgty) Cor——> Cycie

\ FR synthesis P /
'\ alacero\ l _—

Active space

Amino acids enter into liver and undergoes

*  Protein synthesis (major portior.

*  Oxidotive deamination.

* Carbon skeleton entering into anabolic fate.
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Adipose tissue in fed state 00:19:58

alucose enters ad'\pose ’chrough GLUT 4 ’rmmpor{er.

alucose

g — G-P — HMP
l shunt

ruvote !
PB NADPH

Acety] Con
| ~
FR synthesis | TCA cycle

- . |
n@{; alycerol (ipogenesis)

chbk)m‘\cron

@marroweditionénotes
In the fed state when there - efeess yuacose; wstransported

into the skeletal muscle.
Glucose metabolism in skeletal muscle :

Slucose——> alucose—lo—phosPha’ce —>G|5cosen
e\l5col5sis
Pgru\/a’re

Ace’c5| coA ——> TCA (‘.5(‘,|€
Amino acid metabolism in skeletal muscle :
enters muscle cells and result in preotein 55n’chesis.
Brain
Two glucose transporters :
*  glut | (blood brain barrier).
¢ glut 3 (neurons).
Both are high oA‘—Q'\ni{B glucose transporters.
Tronsport Slucose into the brain in all stages.

eoeds aAOY
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Brain depends on oxidadive pathmBs

Glut |
Glucose —> {e\\u& 3 :l— Glucose — glucose b phospha’ce

pBrw/o&e
F\ceh:’,\ coR
ATP %J
TCA cgde
Metabolic fuels : Fed state 00:26:42
Orgon metobolic fuel 7
Brain Glucose
Liver Glucose »>> Free fokty acids
Skeletal muscle alucose >> Free fatty acids
RBC @margpseditionénotes
Adipose tissue &lucose >> Free ¥od~t5 acids
Heart alucose << Free ¥od"c5 acids
(ow glycolytic activity

* most organs depends on Slucose.
* RAC S brain solely depend on glucose.

Active space
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BIOCHEMISTRY OF FASTING STATE

Stages of post absorptive state

00:00:55

Feed fast che :

well-fed state a-4 hours after food

garly fasting 4-1b hours without food
Fasting lb—48 hours without food
Prolonged fasting (starvatio) | a—s doys without Food intake
Prolonged starvation S days without food intake

early %shng * Metabolic changes

* 4 -lb hours without food intake.

* Source of blood glucose : Glycogenolysis.

* e&nd product of glycogenolysis is glucose (hepoatic
glycogenolysis).

. mus@erg%cr}ﬁr% a\/lécgls“eo% 8.\?100 g\%&ase : it cannot be a
source or blood glucose in this state.

. \ndirecﬂg muscle provides blood glucose.

* In I—I8 hours, glycogen stores are depleted,

Fasting : Metabolic changes 00:06:02

I hours 1o 48 hours without food intake.

-.Soyree of hlood alucose :
Non carbohﬂdra’ce substrates are converted to glucose
(gluconeogenesis).
Source of ATP for gluconeogenesis : TAG gets converted into
$afc’c5 acids + glycerol.
Faﬂg acid undergoes beta. oxidation providing ATF.
a|5cero| : Non carbohgdro&e substrate which con be
converted into glucose.

eoeds 8AOY

Prolonged %s’dns/ starvation : Metabolic changes :
a-s daﬂs without food intake.
Decreased S\uconeogenesis.
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Onl5 source : TRG Seks converted into FA + 8|5cero|.

TAG: FA + 3\50ero|

Oxidodion

Ace’tgl CoR

e,
Ketone body synthesis
Prolonged starvation : Metabolic changes 00:10:52

More than S days without food intake, all TEA stores are
depleted, fotty acids are low, =~ _
retone bod5 synthesis : Decreasing,

Muscle proteolysis = Cachexia. -
@marroweditionénotes

mechanism of action of glucagon and epinephrine :
&lucagon is secreted when blood glucose level is <SO ma/ dl.

TR RS X X Em R YR

cgclase

o 8 Ol s s

ATP cAmMP
activoted

cAMP dependen’c PHA activoted —> [

Active space

E:nzgmes

8\25mes are octive in phosphorg\o&ed stote.  Phosphorylated
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Organ Mapping ) 00:16:02
QIBcosen
l Glucose m-)&her orgons
Glucose b phosphate w&uﬂow
f;d Gluconeogenesis Ketone body synthesis ______, etone bodies
=
3 P\ceig Co A. ¢ FA ¢ FA
PyroNate ; Adipose ti
2 ThG
£ TCA cuycle GeL)
§ lycerol

AMiNo Acid,
Slycerol,

Lactate

Metabolic pathways acting in adipose tissue during
various stages of fasting | 00:21:28

Lipolysis
@marrgvved' (OHBRGTEE s ve Ipose

chi'}jl CoA ATP

Oxidation

FA
> RS,

6\|5cero|

G\Iucagon

ahconeosenesis

GLUT—4 : Insulin dependent glucose transporter.

mMore §LUT—4 in the peripherg.

alumgon cannot translocate ’chrough aLuT—4.

There will be less amount of gLUT—4 on the surface of the
‘membrane (not allowing glucose to enter adipose tissue).
Hormone sensitive lipase active under the influence of

slucagon.

aoeds eAldY
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02 Biochemjstry o Q
Qesﬁns skeletal muscle :

GLUT is gLUT —4,
But cannot act in ¥ashn3 state.
AMiINo acid ’tmn5por&ed as alanine.

AmMiNo acids ¢

Alanine &

~

érain :
a GLUTS : GLUT I, 6LUT 3 (neurons).

Ke con onl5 provide 30% enerqy.
Prolonged starvation : Brain depends on K.

Active space
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Glucose —&WT—'&—%&Iucose (in brain) “etone bodies

retone bodes

ATP  (in brair)
Glucose b phosphate
TCA cgde 18 lysis

P5ruVo¢e —_— Ace\'gl CoRn

Metabolic fuels of fed fast stages ~ 00:30:16
Orso.nr 7 Fed early X‘—aétins ' Starvotion
%sﬁng
Liver Glucose > FFA | FFA > glucose | AR/FFA (K8 not
o used)
Heart FFA > Glucose | FFA Fra/ve
Brain alucose alucose alucose/re
. (a0% energy)
Skeletal mMisclen [ Ialuese 1 IFFA O [IFFRCSglucose | FRA/Ke
RBC Glucose Slucose Glucose
ndipocg’ces Glucose > FFA FFA > glucose FFA

mMajor metabolic fuel used : Free ¥od~t5 acid > glucose, Ke
|5s'\s.

exceptions : RBC and liver.

Brain connot use free %MB ocid.

A person had his dinner ot 8 pm. Before having his breakfast
w7 SITY NS piova JEose was checked, it was 100 ma/dl.
which pathway is the source of his blood Slwcose?

e &\uconeogen&eis

Hepatic 5I5cosenolasis;

* muscle 3\5cogenol53'|s.

ooeds 8Oy
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03
CONCEPT OF ENZYME REGULATION
Hormonal requladion.
Allosteric requlotiodr -~
Hormonal regulation A 00:01:18

well fed/absorptive/post prandial state > Insulin.
H'\Sh insulin glucagon radio.

Fashng stote —> G\lucagor\.
Low insulin S\ucason ratio.

Action of glucogon :
alucagon binds t0 pro’cein cOup\ed receptor.

Activates g pro’ce'\n.

n&m@@nﬂm@h@imwotes

L

ATP——— cAMP
Activates cAMP dependen’c protein Kinase A.
AT
ADP
gnzyme ————)P\'\osPhor5la’ced enzyme.

Action of insulin : )
* Activation of phospho diesterase :
Converts cAmMP to S’ AMP.
Insulin reduces cAMP level.
* Converts enzyme into dephosPhoarSlated‘ state.

Biochemistry * v4.0 + Marrow 6.0 « 2022
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Insulin

e\lucason

well fed stote.

gnzymes active under the
influence of insulin is active
in the dephosPhorglo&ed
stote.

Fas‘dns stote.

gnzymes active under the
influence of glucagon is active
in the phosPhorgla’ced state.

gxamples Active stote
Slycolysis | Dephosphorylated stote
Gluconeogenesis Phosphorylated state
Slycogen synthesis Dephosphoryloted state
Slycogen degradadtion Phosphoryloted state
Pyruvate dehydrogenase. Dephosphorylated state
(Connects glyeolysis to TCA
cycle)
Folty o R ditionsn QRFbOsphoryoted state
Cholesterol synthesis dephosphorylated state

Allosteric regulation

00:14:04

Substrote favour forward reaction. AKA Feed forward

resulo&ion

Product inhibit forward reaction. AKA Feed back inhibition.

examples Allosteric activator Allosteric inhibitor

Phosphofructokinase | Fructose & phosphote | ATP

(Converts Fructose b s’ AMP Low pH

phosﬁ\'\ate to fructose Ib Citrote

bisphosphate)

ALA santhase Heme

(heme synthesis)

Aeetyl coR ca.rboxglase Citrote Acyl coh

(fatty acid synthesis) (source of acety (Fatty acid is
cof needed in fatty | synthesized
synthesis) as co enzyme A

derivative)

Biochemistry + v4.0 + Marrow 6.0 + 2022




INTRODUCTION TO ENZYMES

Introduction 00:01:50

Definition : gnzymes are specialised proteins that act as
coecalgs& in biolosicod reoactions.

In 1850, Louis Pasteur discovered that sugar can be converted
%o aleohol. This process is known as fermentation. He termed
the liKell.j vitalism that ca’calijses this rection as ferments.

In 1897, edward Buchner discovered that cell free yeast extract
could catolyse fermentation.

Frederick W Kuhne coined the word enzyme which is derived
from greek word enzymos meaning leavened.

Types of enzymes 00:05:19

simple en25me :
o 00\5 amino acid residues take par’c in the reaction.

Complex enzyme

* Amino acid residue + Chemical component is required for
the reaction o occur.

* Amino acid component is known as apoenzyme. -

* Non enzyme component can be
Inorganic molecule like metals : Fe*/Fe*, Cu®, 2n* —>
Co-Factor.
Organic component like organic molecule or metallo-
organic molecule —> Co-enzyme.

Biochemistry « v4.0 «+ Marrow 6.0 + 2022
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14 Enzymology
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Properties of enzyme 00:08:43

. &n2ymes are proteins.
exception : Qib025m3 : RNA with ca’cal53+ proper’rB.
examples of ribozymes
* 48 rRNA in ribosome has enzymodic ac’cNi{B pep’ddBI
transterase and is required for peptide bond

synthesis.
* SnRNA (Spliceosome). }Qm spieny
* &roup I\ introns (hnRNI).
* RNAse P Post transeriptional modification of tRNA.
a. 1% bﬂ we'\gh’t ni’crosen.
3. Precipitoted bﬂ protein precipitating asen’cs.
4. Heat labile.

Coenzymes 00:12:50

sz(@ll’ﬁearrowedition6notes
* Low molecular uoeigh’c non-protein organic compomds.

* Considered as second substrates or cosubstrotes.
&mmples : Most of the coenzymes are water soluble vitamins.

Active form Reoction involved

Vitamin 8l Thiamine * Oxidative decarboxglase
Pyrophosphate (TPP) | * Transketolose

Vitamin 63 FAD/FmN * Dehydrogenases
(riboSlavin) * Redox reactions
Vitarein 83 (niacin) | NAD+/ NADP+ * Dehydrogenases
vitamin S CoA * Transter of acBl groups
(pan&o'd'\enic ocid)
Vitamin &b Pﬂridoxnl phosphate | * Transter reactions like
(paridoxine) PLP) I. Transamination

a. Transulfuration

vitamin 89 (folic Tetrahydrofolic acid | * One carbon reactions
acid) (THP)

Biochemistry « v4.0 + Marrow 6.0 + 2022
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vitamin 813 Adenosy| B1a * Transter of alky| groups/

(Cobalamin/ methy| 813 H otom

cobamide

enzymes)

Lipoate * Oxidative decarboxS\o&ion
as part of multienzyme
complexes like p!jru\lo.’ce
dehgdrosemse,
alpho-keto glutarote
dehﬂdrosemse,
branched chain Kketo
acid dehgdrogenase

Vitamin C Ascorbate . Hﬂdroxga’don reactions

Cofactor 00:21:04

metals as co-Factor :
me’cod\oenzgme :
metal is ﬁgh’dﬁ 'm’cegrodced bi'j covalent or non-covalent bonds

‘o the apoenzyme. .
i J , Qmarrowedltlorﬁnotes
&3. : 2N in carbonic anhg ose.

Cu in tyrosinase.

Metal activoted enzyme

Metal is not an integral port of the apoenzyme, but its presence
is required in the surroundings for the enzyme to act.

€0, Lipase requires presence of Ca™ to act.

Prosthetic group 00:23:58

Chemical component (coenzgmes/ cofactor) which is tightly
'\nfegmted to the apoenzyme bg covalent bonds or
non-covalent bonds.

Holoenzyme : Apoenzyme + Chemical compohen’r (coen25me/
cofactor).

Biochemistry « v4.0 + Marrow 6.0 + 2022
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16 Enzymology 04
2inc * Carbonic anhydrase : Transfer of gases.
* Carboxypeptidase A and & : Digestion of proteins.
* Alcohol dehydrogenase : Metabolism of aleohol.
* Alkaline phosphatase.
* ALA dehgdrodmse.
* Adenosine deaminase.
* Cytosolic Superoxide Dismutase (SOD) : Free
radicol scavenging.
* Lactate dethr_ogenase.
magnesium * Phosphotransferases (kinases).
Usually coupled | * Phosphatase (phosphohydrolase).
with ATP) * mMutase.
* enolase.
iron (Fe*/Fe*) | Heme iron : | clisthion
* Complex IV eytochrome ¢ oxndase} trarsport
* Complex N cB’cochmme coxidose | chain
* Tryptophan parolase/ dioxygenase ¢ For
catabolism of
{rgpfopMn
* Peroxidase | Free radical g:fg;l‘;‘;?;
* Cofalase | scavenging of niacin
@mal o Hemeiabnotes
* Complex | |
= (‘,oxlex “} Fe-S complex
Manganese : * Kinoses.
Required along | * Phosphatases.
with mg"" * Arginase : Urea. swﬂh%is.
* Ribonucleotide reductase : Ribonucleotides are
converted to deoxyribonucieotide : Required for
DNA Sl:jnﬂwes\s. ’
* mitochondrial superoxide dismutase : Free radical
scavenging.
molubdenum. | ¢ Xanthine oxidase : Synthesis of uric acid.
S 1UnoTy * swpnite oxidase
o Dini’crogemse.
Potassium (KD | ¢ Pyruvate Kinase.
* Na', K’ ATPase.
@
§

Biochemistry « v4.0 + Marrow 6.0 « 2022



Copper (Cu™) | * Tyrosinase : Cu™ deficiency causes

- .
04

hypopigmentation as tyrosine required for
melanin produc’don

* Complex IV of ETC cyte oxidose : enerqy depletion
in Cu? de“cienca.

* Lysyl oxidase : Required for covalent erosslinking
of collagen : menke Kinky disease/ Steely hair
Stjndrome.

. cj’cop\mic Superoxide dismutase.

Nickel * Urease
Calcium * Lecithinose
. L,ipase
Clinical problems 00:40:17

Vitomin deficiency (coenzijnneD :

egnergy depletion : Coenzymes are part of oxidoreduction
reactions which result in formation of reducing
equivalents that goe into electron transport chain for
generodion of ATP. @ﬁ?ﬁﬁ%&%ﬁﬁgﬂ%g@? causes
enerqy depletion.

Collagen depletion : Vitamin C acts as coenzyme of
hydroxylodion of lysine and proline which is required for
col\age 55n’ches'\s

Vitamin C deficiency con cause scurvy,

enzyme defect : PLP defect can halt homocysteine
metabolism. ‘

mineral deficiency (cofactor) :

Hypopigmentadion (Cu™ deficiency).

Oxidotive stress : minerals are required for $ree radicol
scovenging; de%ciencg of minerals can cause oxidotive
stress that leads 4o atherosclerosis, cancers ete,
Collagen defect : Cu™" required for lysyl oxidase needed
for covalent crosslinking,

is involved in wald’s visual cycle.

Biochemistry * v4.0 + Marrow 6.0 + 2022
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CLASSIFICATION OF ENZYMES

Trivial Sijs’cem : Inadvertent naming of the some enzyme bﬂ
mudk'\p\e names.

International Union of Biochemistry and Molecular
Biology / IUBMB 7 00:02:20

7 classes of enzymes (nugusk a0I18)

gnzyme classes : _
mMnemonic : Operation theatre has louo—-inkensi‘cg hgh’c.

| — Oxidoreductase.

I\ — Transferose.

W - Hgdro\ase.

v - L,Hase.

vV — lsomerose.

vl — L-,S@é_narroweditio%notes

VI\ — Translocase.

Class I - Oxidoreductases 00:05:10

Ca’calﬂze oxidofion and reduction reactions.
Subclosses :

. Dehgdrogenase :

Cotalyze transter of hydrogen element H', H', H_ and
electrons o an acceptor.
Acceptors are :

Nicotinamide coenzymes

-~ -6baksiagac -

NAD+ /\} > NADH + W'

eoeds aAOY
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NADP :

Substate

NADPH ———— = 5 NADPH + W'

/

aH" + ae”

glucose 6 phospho&e dehgdrogenase.

b Ph05ph03|ucono@ce dehgdrogenase.
. C,B’coplas:nic isocitrate dehgdrogenase.
mMalic en25me&

Flavoprotein (RiboSlovin:

Substate

\ .
FAD o ? FF-\DHa
aH" + ge”

* Succinate dehydrogenase (Complex ).
o Acg\ CoRA dehgdrogenase.

* Mitochondrial Glycerols phasainenotes

dehgdrogenase.
3. Oxygenase :
AdA oxygen direc’d5 to the substrote :

do. Monooxygenase / mixed $unction oxidose : AdA. | atom
of oxygen.

HBdrox5|ase :

AH + O+ 2H >»AOH+HO+2

&.8. :
* T rBP&ophan Hgdroxglase.

) Aromadic amino
o T5r05|ne Hgdroxglase.

= Phengl olonine Hy droxa\ase ocid Hgdroxglase.
$ I- Hgdroxg\ase.
¢ C,-j’(ochromes

C)j’cochrome P4SO and %tochrom bS are involved in

mod'\¥5‘m8 ond degradins drugs.

Biochemistry « v4.0 « Marrow 6.0 + 2022
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Are present in the Liver § Intestine.
Are present in the endoplasmic reticulum § mitochondrio.

Barbiturates induce cg&ochromes, which aggra\m&es

PorphBria.
ab. Dioxygenase AdA both atoms of oxygen.

A+0O — > A0
a a

&.S. :

* Homogentissate oxidase/ dioxygenase.
* Tryptophan pyrolase / dioxygenase.

3. Oxidase :

Transfer hijdrosen element and donate to acceptor O,

AR /20, AH -~ 0,
Fecised reduced
marroyedition6nptes -
A H.O A “ HO,
(oxidized) (oxidized  (ROS)

ROS — reoctive ox%en sPecies.

8.8. :
o %fochrome C oxidose.

* Monoamino oxidase.
* Flavoproteins (FAD/FmN) are acceptors :
* L amino acid oxidose.

-~

* Xonthine oxidose.

4, H5w0peroxidases :

* Peroxidose. .
5 Batilnas, Hemopro’cems

Substrote : Hydrogen peroxide / any oxygenic peroxide.
Results in free radical scavenging

Biochemistry * v4.0 + Marrow 6.0 » 2022
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40, Peroxidose :

tlectron acceptors :

* Ascorbote
Free radical

scoweng’mg

®* Quinones.
* glutathione.
o C,B’tochrome € _

HO +AH — 5 aH O +A.
a-a a a

8.8. : Glutothione peroxidase ;o Selenium con’coun\ng
enzyme.
ki presen’c in era’chrocﬂ’ces ond other tissue.

4b. Cotolose :
glectron acceptor : | molecule of HO..

g0 ——>dR0O¥%0..
g a a

Cotalase is present in Peroxisomes of

mMucous membrane, hidr@gm@r{/@,\%%gm%ﬁg Hartow.

Peroxisomes con’coun'\ng :
Cotoloses scavenge reoctive oxygen species.

Oxidoses Senerodte reoctive oxygen species.

S. Reductoses :
They require NADPH.

Are involved in the reductive biosynthesis of steroids, Fatty

acids, and Cholesterol.

Class II - Transferase 00:29:37

Transfer the functional group/ moieties like methyl, and

aMING groups. gexomple :

. an enzyme with TRANS in its name : Transaminase,
transketolase, transaldolase, transmethylase. |

. Ang enzyme that traster phosPhorgl groups - Kinases.

Donor is ATP : Hexokinase, phosphofructokinase
Donor is inorganic phosphate : phosPhorﬁlase

Biochemistry + v4.0 « Marrow 6.0 * 2022
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22 Enzymology 05

I. Hexokinose
Glucose - ATP
Hexokinase / Glucokinase.
&lu 6 PO, ADP

a. Phospho fructo Kinase :

Fructose ATP
Phospho fructo Kinase.
Fructose
ADP.
l, & Bis PO,

2, PhosPhorﬂlase :

Q\gcogen \ / Pi

‘ngcogen Phosphorglase

luc | | .
?5 ?e@marroe\‘/vuecaslﬁoﬁghotes
n —

Class III : Hydrolases 00:34:26

Hydrolytic cleavage of covolent bonds like C-C, C-N, and
C~0. A covalent bond is a bond of the primary structure of

moagcromolecules.
macromolecule Covolent bonds Hgdrolase
Carhoh}jdra&e Ga|5cosidic bond Amylase, maltase,
sucrase.
Protein Pep’cide bond Peptidases‘
Proteases
5 (Trypsin, |
g ch5mo’«5psm, elas-
s tase).
©
8 Nucleic acid 3)-> g Phosphodiester Nucleases
bond (endonucleases and
gxonucleases).
Lipids gster bond esterase/Lipases.

Biochemistry + v4.0 « Marrow 6.0 + 2022
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Other hﬂdrolases
nrsinase.

PhosPHo&ases.
Glucose - b - PhosPho&case

N
0 Pi

H
a

> Glucose

Glucose —to—PO4

Fructose-l,  Fructose-l,b &is Phosphatase Fructose b

BisPO, e \P 7 " phosphate.
(0] i

H

a

Class IV : Lyases. ) 00:41:10

Cleavage of covalent bonds like C~C, C~N, and C~0 without
adding woter, by otom elimination and forming o double
bond or adding groups to double bond.

. (-\n5 en?_gme with Lyase in the name:
. HN& Co-A lyase. @marroweditionbnotes
a. nrginosmc‘mode |5ase.
3. ATP citrote l}jase.

* Aldolose :

Fructose - |, b - bis PO, = Glgcemldehgde— 3 — PO, + DHAP
C 3C 2C

ereak / make double bond by atom eliminaion.

* gnolase :
o (0] o
O N\ /

C a C
H—C—oOPOY —— C —OPOT 8
| enolase | g
HO — CH_ CH, 3
. <

A€® = 15 KY/mol
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<|100‘ Jolon
|
|(|‘,H HO 0, ~1OH
. |
HC ~—————— H—C—H
| Fumarose |
COO™ COO~
Fumarate L'malote

* Aconitase : Converts citrate to isocitrate
* Decarboxylase m‘afeglwtnﬂuﬂ@w&gpes
. Simple decarboxglodrion reoctions :
Histidine —> Histamine.

Glutamote —> gpsA.

Tryptophan —> Tryptomine.

These reactions :
®* Liberate coa.

* Reguire-cosenzyme ;7 FLfLClass - Lyase).

a. Oxidokive decarbox5lo€don reoction :

P\ijvo&e dehgdrogenase

Pyruvate Acetyl CoA
a retoalutarate dehudroaenase i
a ketogutarate 3 973 5 POy
CoA.

pronched-chain &CK dehydrogenase Correspondin 9
retoacid / BCKH d Acyl Cof.

~

In these reactions :
* Liberote CO,.
* Reduce one carbon otom of the substrate: n (carbon
atoms) —> n-1 (carbon otoms).
* |In these reactions: NAD" —> NADH: hence these
deht:jdrogenase enzymes belong to class |
oxidoreductases.

eoeds aAlOY
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* These dehgdrogenase enzymes are mud’denzgme
complexes § require S coenzymes :
* TPP / Thiamine pyrophosphate (vit 8).
* NAD+/vit e,
* FAD/ vitel .
* Lipoate.
* Con/ vite.

Class V - Isomerase 00: 51: 45

Co&odgze structural and geometric isomers.

F\n5 enzgme with iIsomerase n ns name.

Phosphohexose

isomerose .

Glucose - b- PO, < - > Fructose - 6 — PO,
Phosphotriose
iSO rose

alyceraldehyde - 3 — PO, > DHAP,
Racemase : @marrowedition6notes
D glucose < > L glucose.
D Alanine < > L Alanine.

mMutose :

“ Intramolecular transter of groups :

Phosphoglucomu’case
Glucose - b — Po4 < > glucose — | — POA.
Phosphog\gcero&e
) PhosPhoglgcerod:e ‘\L Lol > a Phosphoslacero&e
Class VI - Ligase ) A 00:56:25

Joins & molecules coupled with the hydrolysis of ATP.

'&.35
I C,arboxglase.

Biochemistry « v4.0 « Marrow 6.0 + 2022
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a. 55n’(hekase. .9+ Glutamine stjn’the’mse, C,arbamo5| PO,
Synthetase.

C,arboxglase '
g9 (‘xxrboxg\ases.
Pyruvate Pyruvate carboxylase , Oxaloacetote.
(30) (40)
nce%gi Co-A
Acety| Co-A carboxylose ,  Malonyl Co-A
€W ! (30)
Propionﬂl Co-A
Propionyl Co-A Carboxylase methyl molonyl Co-A
€ i (30)

In all these reactions :

enzymes: hgases.

mnemonic for ligases - ABC enzymes

Hydrolysis of ATP is required, it is converted to ADF.

C,oen25me= Biotin.
co, is a@marroweditionénotes

Class VII - Translocase. 01:00:50

eelonged to closs Hgdro\ase previouslﬂ.
Transport of molecules and i0ns a.cross the membrane.

&.3. :
H pump.
K" channel.

Co?" channel.
gxercise :

@ what is the name of enzyme in the ¥o|\ouo‘\n3 reoction ¢

Galucose ATP
Answer: Hexokinase / glucokinase.

Kinase (Class 1\ - Transterose)
Transter of phosphate.

RDP.
S PO, Gik The substrate is glucose / Hexose.

Biochemistry * v4.0 «+ Marrow 6.0 + 2022



-y

Q \den’d?ﬂ the enzyme involved.

l. glucose -b-P0O4 P4 S - glucose.
HAO0 Pi

Answer: Glucose - b — Phospho&ase.
HOis added and inor ganic Phosphate is removed.
An example of Hgdro\ase is Phosphatase.

_F\dd'mg substrate to the name: Glucose - b — Phosphatase.

a. glucose - b — F’o4 3 > Fructose - b — POA4.

Answer: Phosphohexose isomerase.

Glucose and Fructose are isomers; hence enzyme is
Isomerase.

Both are hexose phosPhoeces.

3. Glucose - b — PO, < > &lucose - | = PO,.
@marrowedition6notes

Answer: Phosphoglucomu‘case.
A kgpe ot isomerase: Mutase.
The substrate is glucose phosPhoece.

4. NAD" NADH
/' ﬂce’tgl CoR
@o.

Pgruvdce Ny

€V
cO

a

Answer: Pyruvate dehgdrosenase.

In these reactions: NAD" —> NADH: hence the enzyme is
dehﬂdrogenase.

The substrate is P}jmvdce.

S.
ATP ADP
Pyruvate 7 Oxoloacetote
(a0) 1 siotin “40).

cOo

a

Answer: Pﬂm\/o&e carbox5|ase.

Biochemistry « v4.0 + Marrow 6.0 « 2022
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Probable Clinical questions :

Q A person consuming Raw eggs develops Hypoglycemia,
Tiredness. Reason?

Answer: Raw eqqs contain Avidin, which Inhibits Biotin.
Hence all the reactions co&odgzed b5 Biotin are inhibited.

&xample :

Pﬂrw/o@ce . Ny s Oxaoloacetate
(30) ra . (40).
cO Biotin

a

The enzyme PSru\/a’ce cwbox5hse is inhibited.
This reaction is a step of educoneogenesis.

Hence when the blood glucose is reduced, Glycogen cannot
be used as an energy source.

This results in Hapoglgcemia ond tiredness.

Q Drugs. N
@marroweditionénotes
Answer: most druas are acted upon b5 %&ochrome P4SO

ond %’cochrome bs.

These are H5drox3loecion reactions ca’codﬂzed bﬁ the
Monooxygenase enzyme.

Q) Free rodical scavenger.
Answer: enzgmes are Peroxidase and Catalose.
In these reactions, H O_ is converted to H O.

Cotaolose is presen’c in Peroxisomes.

Q Free radical generator.
Answer: &nzﬁme Oxidase.
In Oxidation reactions :
AH, o
(Reduced)

a

aoeds aAOY

A HO,
(oxidized)  (ROS).
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MECHANISM OF ACTION OF
ENZYMES

Active site 00:01:08

The reaction is not occurrins in the entire enzyme. it tokes
par’c on|5 in certain site called active site.

Substrote
Active site
&nzgme
w
2 Transition state
"""""""""""""" arrowedition®imptes
Ass—>p (Aep)
Free P
energy
Aep—>s (Aao)
Free energy of product :

Progress of reaction

Activodion energy

The difference between the free enerqy of substrate and
the transition state.

The standard $ree energy change : Ag,

Ag = Ag, - Ag,

Gibb’s free energy : &

Active space
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30 Enzymology 06

Action of enzymes :

N

Transition state

Free

enera\j

WV

ngréss of reaction

Ae\m* - Agof uncotalysed reaction
Ae\m - Agof catalysed reaction

8n25m$ lower the activation energy.
gnz2ymes do not alter Ae‘ standard $ree energy chanse
B4S > €S > EP > 4P

e M AFOWEdition6notes
€ enzyme, S: Substrate, P : Product.

Another way of reaction coordinate of catalysed
reaction 00:19:14

ur\co&odgsed reaction

Catod5ed reaction
Free

ener%

V

Reaction progress

eoeds eAlOY
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Mechanism g
actions Leave Feedba
Enzyme

a.Solvation shell of hgdrogen
bonded water around the
substrate.

Desolvation of the substrate.

3.Improper alignment of reactive
groups, Enzyme to the
substrote.

Proper olignment of reactive
groups in the active site 1o the
substrate.

Proper alignment ot reactive groups in the active site to the
substrote \ts explained b5 various theories.

Various theories

00:28:30

. emil Fischer’s template {’heorﬂ/ Lock and key model :
Fixed shape for the active site, so thot substrote
with comp\emen’carg shape con bind to the active

site of the enzyme.

3. William Jenk and Linus@Paunltingdheorijiontnotes
Active site of the enzyme is complementary to the
fransition stote so that more products are formed.

3. Induced ft theory: by Daniel koshland (9s®.
gnzymes undergo conformational chanae when

substrate binds to e

acuve stite, which is induced

bﬁ mud’dp‘e weok interaction between substrate and

active site.

Mechanisms by which the reaction takes place

00:36:15

Co@codgsis bﬁ proximi’ca.
Acid base codcalgs'\sh
Covalent ca’codgsis.
metal ion co&odgs'\s.
C,o@codgsis b5 strain.

L C&odgsis bﬂ proximi&g :

Active space

* For the reaction to occur, the reactant should come in
bond forming distance with the active site.

Biochemistry *
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a. Reid base co&odgs'\s :

* Catalytic residues in the active site, ether as o proton
donor (Acids) or proton acceptor (Bases).

* &xample : Aspartate protease - ’che5 are the enzymes
whose ca’talﬂﬁc residue in the active site is aspartate
(Pepsin’s ackygsite hns nenartate)

3. Co&odgsis b5 strain :

* Applicable for lytic reactions (co&odgs’r by Lyases and
Hydrolases).

* en2yme bound to the substrote in such a way thod it
strain and weaken the bonds to be broken.

4. Covalent ca’rodgs‘\s :

* In Group transfer reactions. examples : Transferases
(transaminadion).

* Involves formation of covalent bond between enzyme
and the substrate ’crans‘\enle.

* &xample : Serine proteases (Chymotrypsin, trypsin,
elastaserrowedition6notes

S. mMetal ion co&odgs'\s :

* Usually in case of metalloenzymes.

* exoample : Zinc in carbonic mh5drase.

* metal ion is helping for the proper alignment of substrote
to the active site.

Q. Which of the ?—ol\ouomg regarding lowering of activation
energy are true except?
A. entropy is lowered.,
. Desolvation of the substrate.
C. Confirmational change at the active site during binding of
1 the substrate.
% D. Active site of the enzyme and substrate are always

complemen’carg to each other.

Biochemistry + v4.0 - Marrow 6.0 - 2022



ENZYME KINETICS
Enzyme kinetics 00:01:20
Deals with & things.
Rote of reaction. Factors thot afSect the rate of

enzyme ca’codgzed reaction.
Rote of reaction :

gl
At &——— P+ @
ra

K= Rate constant of
r.alallel r =K (AR] (el forward reaction.
r,a(PIlQl =k EFTEQIOVIRIL A6 donstant of

backward reaction.

At equilibrium, it is a dynamic stote where forward and
backward reaction takes place, at the same rate.
¥ EY
| a.
K (Alle] = K, CPILQ.

ia)
g}

- = 1, Eauilibrium constant.
.

“ o Ko (PIlQl
e wa  (ale]

K, = Concentration of products / Concentrotion of substrates.

* enzymes don't alter equilibrium constant (teq).
. &nZﬂmes lower activation energy.
* enzymes dont alter $ree enerqy state CA&C].

0= - : : .
A&l = T log K, (R : os constant. T : Absolute temperature)

Biochemistry ¢« v4.0 + Marrow 6.0 + 2022
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Factors that affect rate of enzyme

catalyzed reactions 00:07:34

* Substrate concentration.
* Temperature.

* Hions Concentration.

o En2yme concentration.

Substrate Concentrotion :
Increase in substrate concentration > Increase in rote of

reaction —> Till it reaches V__. Then no further increase in
rote of reactions.

max H}jperbolic curve

. . ot ; . 3
LL S Sz oreer Bngties, (s Substrate
concentration increases Rote of reaction also increases).

Above Vv :va x [S] = 2ero order Kinetics (Active sites are
utilized : No increase in rote of reaction).

Ko mMichaelis constant.

Leonor Michaelis & Maud Leonora Menten’s
derivation 00:15:07

v (vo)

v Xx(s] 3
Vi= ;\—"”‘g K = Substrate concentrodion at 2 vV

¥ (] ok Y2 vmax = d30ommol = ¥ FindV__ V__ =40 mmol.

]

$s]= Ll Veloc'\’(B of reaction = X then vV =ax
Signmcance of Kkm:

* Independent of enzyme concentration.
* Denotes a?&in&B of an enzyme towards substrote.

Biochemistry « v4.0 - Marrow 6.0 - 2022



* Unique for an enzyme substrate pair.

2.9 : ¥m value ot Slucose hexokinase differs from a

value of fructose hexokinase.

“SignaMe” of an enzyme substrate pair.
. H‘\Sher the K,, Lower is the O&-‘;'\ni{’}j of the enzyme

towards the substrate.
wvm 1/a AS’-S;in\tB.

Aty 1/a (s] =k _a (s],

vm + (s]

v X(s] |
— = .
Vi Vmox [s]

rm+(s]

\ =

I/V - varioble v
K / Vinax — ‘o

1/(s] — Constant
/v - constant

| Km I |
= . +
Vi vmox (8] Vmox

Y=ox + b > gquation of line.

/ﬁs\‘\m /Vmox

e~y —

Y intersect

Double reciprowd plo’t.

v, = Initial velocityp.

Lineweavery ot Rk B 1pON Gnotes

x intersect I
Cs]

Mx'\n‘tersec’c,5=o
Y=ox+b

x= -b/o.
=-/v_
X=-1/¥_

At Y intersect, x=0
Y=0ox+b
Y=0+b
Y=i/v

Alternatives to LB plot

07 Enzyme Kinetics
Leave Feedba

00:29:00

S‘\nsle rec'\procod plo’t :
o) eadie ~Hotstee plot.
b) Hanes-woolf plot.

)

i Cs]
£y

Catolytic constant (KA Turmover number) :
K, : Measure ot e%‘-&iciencﬁ ot a homogenous mixture of

en25me.

Biochemistry * v4.0 « Marrow 6.0 « 2022
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S ¢«—— 58S ——HetP,
€ =E+ES.

K, =V / e, (g, Total enzyme concentration).

Leave Feedba

To compare e&‘-%iciencg of enzyme : Caleulated as Keok / o

(KA “Speci?\cikB constant™.

Dissociakion constont : H = ——:
Ml
Association constant : h = h_

Q. Pancreatic hpase IS an an enzyme thot diges‘c die’carﬂ
fots. 1f s an enzyme that follow michaelis menten Kinetics.
which one of the %\\owing best deseribes a charocteristic

feature of pancreatic hpase?

A. Vebc%a?rﬁmﬁ mey<imalivhen 100 % of substrate

binds to the enzyme.

e. Veloc'rtB of the is half maximal when SO % of substrate

binds to the enzyme.

& veloc‘d'j ot enzyme is maximol when So% of enzyme bound

with substrote.

D. Ve‘oci’(’g ot enzyme is independent of substrate

concentration.

Q. EXpression of tissue SPec'\?\c isoenzyme is a method ot
regulation o%‘—enzgmes.The glucose metabolism ditfer in ReC

ond liver as one metabolise Slucose and other store

glucose.n R&C first step use Hexokinase | whereas liver

glucokinase. wWhat is the reason behind this ?
A. The Km of HK | is higher than &r.

65 Odup yeenoBdagued eeerarmon G,

C. The rm of HK | is same as GfA.

Temperature

00:49:55

most optimum temperoture in Human : 25° +0 40° C.

Biochemistry - v4.0 «+ Marrow 6.0 + 2022
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07 Enzyme Kinetics
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MoXKiIMUM s{'ab'\\i’cg : 45° 40 SS°O C.

Temperoture Co-efSicient Q) :
every 10° rise in temperoture : Rote of reaction is doubled,
Q, =4
Rate of reaction is doubled becouse :
* Increased Kinetic energqy,
* Increased Collision $frequency,

— VM
veloc'rtﬂ
eell shaped curve
Enzgmes are denotured
 _
Op’nmum ’tempera’cure
Ternpera’cure
H* ion concentration 00:55:07 j
. marroweditionénotes
Vs eell shaped curve
veloci{B
[
pH

Op{"\rrwanHdormal:S’to 0.
changed state of Amino acid residues varies with pH.
pr* ¢ lonization constant. pH “chourge of ionizable group varies’.

%par’co&e pro’tease = pepsin
Active in acidic pH.

Aspartote pr = a. g
Intestine <
Chymotrypsin : Cotalytic residue : Histidine (K. = 6, active in

alkaline pH.

Biochemistry * v4.0 « Marrow 6.0 + 2022
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Enzyme concentration

veloc'rt5

Concentrogisesisedissdlipe~ -
proportional o Ve\oci’cg ot reaction.

Cel
vale]

Q. enzyme with highest catalytic e?—ﬁiciencﬁ i
(NICET march 3030)
A. m of an enzyme = 10 micromole and keak = 30 per sec.
8. vm of an enzyme = 3000 nanomole and ¥icod = SO per
sec.
C. ¥vm of an enzyme = & micromole and Kcod = 300 per sec.
D. vm of.an enzyme = 4 micromole and ¥seat = 300 per sec.

Q. In an enzyme ca’calgsed reaction substrote concentration
was 1000 times KM% of substrote metabolised to 13
micromole of the substrate in 9 min. I¥ in the same reaction
mixture ;enzyme concentration is reduced to 1/3 rd and
substrate concentration is doubled. How much time is
needed for the same amount of substrate to get converted
to product.

A. 9 min.

8. 132.S min.

C. I8 min.

D. 37 min.

Biochemistry * v4.0 - Marrow 6.0 + 2022
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ENZYME INHIBITION

Enzyme inhibition 00:02:44

All cellular processes need enzymes. Control of these processes
con be done via. an enzyme inhibitor.
T}jpes :
Reversible inhibition :
* Competitive inhibition.
* uncompetitive inhibition.
* mixed inhibition.
lrreversible inhibition :
* Suicide inhibition.
* Transition state analogues.
Non-competitive inhibition can be both reversible and
irreversible.

Competitive inhibition > 00:05:24

Kisa ’cgpe of inhibition in which the inhibitor is a. structural
analogue of the substrate and hence it competes with the
substrote for binding to the active site.

€ +S <> ES —> E4P
£ + | (inhibitor) = enzyme - Inhibitor Complex.

v

Properties of competitive inhibition :
* Inhibitor is a structural analogue of the substrate.
* Addition of excess substrate can replace the inhibitor
from the active site.

Biochemistry « v4.0 «+ Marrow 6.0 « 2022
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W uninhibited
A2
= > S~ 5 Inhibited
A TR A
a v
K, B, ©
Vv . remains constant.
Apparent 14 = hm‘ =0K .
e, K _increases.
@mar,rowlgd itgh6notes
s e
. - |
X m’cercep’c = —h: F .
x—in’rercep’( moves fowards zero.
\/—in’tercept remadin same.
Plot is shaped like %,
Cose scenario : )
AS year old child plaging in the Sourden anciden{al\ﬂ drank an
unknown solution kept in o bottle. Later he was not $ee|‘m3 well.
He told his mother and she ook him to the nearb5 hospi’cod and
she also ook the leftover bottle. On the way he vomited twice
ond was experienc‘mg obdominal cromps.
§ In the caSuaRIj stomoch lcwase done.
% PR : SO/min and BP : 80/SO.

muscle fasciculations present in the less.

Biochemistry « v4.0 «+ Marrow 6.0 - 2022
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Ans. Poison was Found to be Malathion, an organophosphate.

mMalathion
!
Malaxone
!
Inhibits Ach esterase (competitive inhibitior)
!
Acetyl choline X Aeetate + choline
!
Aecumulates in nervous sgstem
y
Stimulates autonomic nervous 53s&em
Y

Symptoms like vomiting, sweating, increased muscle twitching

Initially, the inhibition o Ach esterase by malaxone is reversible,
but as the dose of organophosphate increases, the inhibition
becomes irreversible.

@marroweditionénotes
Cose scenario *
In Hooch ’cmsedﬂ, many people were hospitalised. ethanol was
given as an antidote. wh5.?
Ans. Methanol was ingested in hooch ’rmgedﬂ.
Alcohol dehydrogenase )
methanol v » Formaldehyde —— Blindness.
gthanol compé’ﬂﬂVélB'mH\b’f{s Tr¥e “enztjine aleohol
dehydrogenase and forms acetaldehyde which is relatively
less toxic.
excess ethanol replaces methanol from active binding site
and prevents formadion of toxic ¥ormaldeh5de.

Non-competitive inhibition 00:19:31
- Site ( Substrate
r \_jSubstrate —> —> &+ Products
Inhibitor £-S-1 Complex

The inhibitor is not a structural cmodosue of the substrate.

Biochemistry « v4.0 - Marrow 6.0 « 2022
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The inhibitor binds to o distinet site.

€+ S<oes > g+P
T Inhibitor (1)

S

Leave Feedba

gnzyme-Inhibitor complex (&) ¢>enzyme-inhibitor-Substrate
complex (81S) = &+ P ot o very negligible rate.
Vmax reduces, K remains constant.

©

-
X in’(ercep’t "R

Shapeo¥‘v’

Kinetic properties ot non-competitive inhibition :
Vmox reduced —> '/Vm (5 intercept ) increases.
Km constant > (-D/ K intercept) unchanged.

&mmp\es :
Inhibitor gnzyme inhibited
CO, CN° 05+od—\rorr»e ¢ oxidase
Fluoride gnolase
lodoocetote algcemldehgde 3-PO, dehgdrosemse

Biochemistry

*v4.0 - Marrow 6.0 « 2022
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Uncompetitive inhibition 00:28:03

The inhibitor has no a?-?ini’(g towards free enzyme but it binds
to the en25me—-5ubs’cro¢e comp\ex.

E+S<oeSs>e+P
$ T Inhibitor
Inhibitor  &nzyme-inhibitor complex (€D

V N
L /ﬁ
Vm' vm¢
V |
a .
")Pﬁg%?‘?’ S

Lineweaver &urk plot ot uncompetitive inhibitor :
|

@‘mey&editio%notes
|

= p ,
X intercept = hm' w K3

shape : Parallel.
X-intercept moves awoy from 2ero.

Y-intercept increases.
g9, Placental ALP inhibited b5 phenylalanine.

Cose scenario

Following o short circuit, o house was on fire ot night. In the
morning all the %m'\lg, members were found dead but none of
the bodies were charred. wWhat is the reason behind the death
of the all the family members following a fire?

Ans. Fire > Increased carbon monoxide emission.

Biochemistry « v4.0 - Marrow 6.0 + 2022
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44 Enzymology 08

I. Carbon monoxide inhibits c5+ochrome ¢ oxidose

(complex V).
a. CO also has h'\sher o&\‘ﬂn&g for Oxygen.
Mixed inhibition 00:35:56
E4S =2 BS >ExP

o

g — e —— Negligible products

Kinetic proper’cg :
* 8othv andh_ changes.
* v _ decreases.
* K _con increase or decrease.

(J~

@marrowed|t|0n6notes
J Structurol analogue

Competitive inhibitor of A

d |, is competitive inhibitor in terms of A

E4,G
(&)

<
1, is non e

z g compehhve :o A
s e | non con‘\pe’(k'vel
w {0 6 !
g inhibits substrates A
® 0 and 8.
Non ¢ol itive inhibition in terms of

substrate A. This can be reversed bv:j
addun%‘ re & but cannot be reversed
b5 od ng A

Biochemistry * v4.0 - Marrow 6.0 » 2022
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Suicide inhibition 00:47:54

The inhibitor is unreactive, it hijacks the mechanism of the
enzyme to convert itself into a more reactive compound. This
compound binds to the active site of enzyme irreversibly,

Also kKnown as mechanism based inhibition.

examples :
* Alopurinol used for treatment of gout inhibits xanthine

oxidase.
Xaonthine

, oxidase _ X0 o
HBPomn&h\ne T Xonthine ———— > Uric acid

Irreversible
inhibition
X0

Allopurinol "+ Alloxanthine

* Aspirin inhibits choox&genase.
* Difluoro me’ch5| omithine inhibits omithine decarbolease.
Wtis used in the tregtment of irypaneseoiatiss

Transition state analogue 00:51:58
C1—2N— 4 O
Substrote Transition state Product
: : Structural
analogue (Dru55)
Substrotes Se’ts converted into o transition state before
¥orm’m5 the end product.

The active site of the enzyme is complementary to this
fransition state of the substrate.

Drugs have been developed which are structural analogues of
transition stote of substrotes.

=X Penicillin is a structural anodogue for the enzyme

transpeptidase which is required for cell wall synthesis ot
bocterio.

Biochemistry « v4.0 - Marrow 6.0 « 2022
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mMCQs

Q. An antibiotic neuolg developed is a close structural anodogue
of a substrate thot participate in DNA synthesis of bacterio.
Hence the antibiotic reduces the overall enzyme activity but it
can be restored it excess of the substrate is added, uhich one
of the following best describes the antibiotic?

A. s a suicide inhibitor.

®. An irreversible inhibitor.

C. A competitive inhibitor.

D. An uncompetitive inhibitor.

Q. Mmethanol is converted +o ¥orwnldeh5de which is highly toxic.

Patients who have ingested methanol is treated with ethanol o

inhibit methanol oxidation. which explains the rationale of this

freatment?

A. gthanol is a structural analogue of methanol hence it can
be a. non-competitive inhibitor.

B. %mo@ﬁawmﬁmﬁeﬁ methanol hence it can
compete for the active site of ADH.

C. gthanol can olter the v of oxidation of oxidation of
methanol bﬂ ADH.

D. gthanol compete with the ¥ormaldeh5de binding site of the

_enzyme.

rxm Vmaox

Competitive K '=an (ncrease) | Constant

Non-competitive | Remains same v '= vm/a (decreases)

uncompetitive | K '= hm/a (decrease) V.. = vm/a (decreases)

mixed Increase or decrease |V '=v _/a (decreases)

ooeds 8AIOY
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ENZYME REGULATION

In 19th cen&urg, Cloaude Bemarde put forward the concept of
enzyme regwoedon

Qesulo&ion
\f | )
&nzyme Quantity (long term) eneyme Quali'tl.j/inkrir\sic
* Control of enzyme synthesis catalytic activity (short term)
(Induction and repressiory. * Allosteric regulation
&g, Cholesterol synthesis, * Covalent modification
heme san’thesis, cgkochrom@e,

urea cgcle etc.
* Control of enzyme degrado&ion

Control of enzyme synthesis 00:03:50

Also known as induction and repression.
&g, D Cholesterol synthesis :
more cholesterol in diet
@mdreepresdesonbnotes

&ene for HM& CoR reductase (rate limiting en25me)

) Heme synthesis :
Succingl CoR + Gdgcir\e
J ALA synthase
O ALA
!
Heme.
Increased heme will repress ALA s5n+hase whaneas.dacrensed.

amount of heme will activate the enzyme.

Q. Phenobarbitone induces heme 35nkhesis ond aggra\/oeces
porphyria. why?

Ans. Phenobarbitone gets metabolised with the help of
cg’cochromes, which are heme containing proteins.

when cytochromes get used up, amount of heme decreases
and in turn induces ALA synthase. This couses accumulation
of porphyrins (intermediate), which aggrovates porphyrio.

Active space
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Control of enzyme degradation 00:08:30

* Short lived proteins e.9, regudo&or5 proteins like cyelins.
* Aberrant/defective proteins.
These proteins must be degraded which takes place in a
proteasomal machinerg.
These proteins bind to ubiquitin.
|

Degraded by Ubiquitin-proteasomal machinery,

I¥ ubiquitin-proteasomal machinery is aftected, the regulatory
proteins like cyclins are lost, causing dysregulation of cell cycle
which can lead to cancers.

Basic po@cho\o% of Alzheimer’s and Parkinsonism :
Aberrant proteins.
\:
Defective ubiquitin-proteasomal machinery, -

@marrowedition6r1|otes
Degmdahon does not occur.

¥
Accumulotion of defective proteins —> Disease.

Allosteric regulation 00:12:48

Allos : “other’.

Allosteric enzymes are those enzymes whose activity ok
substrote binding site/octive site is moduloted bﬂ the
presence of a. modifier/efSector.

[ ] substrate

Catalytic site/active site
modifier D

Allosteric site

Positive modifier : Activator (co&alﬂ’dc activity increases).
Negative modifier: Inhibitor (co@calgﬁc activity decreases).

Biochemistry + v4.0 - Marrow 6.0 + 2022
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Allosteric activation : Positive modifier (M+) binds 1o an allosteric

site and makes Favourable conformational changes in the

catalytic site, enabling binding of substrate to the active site.

Allosteric inhibition : Negadive modifier (M-) binds to an allosteric

site and makes unfavourable conformational changes in the

catalytic site, which inhibits binding of substrate to the active
site.

] T

" T l e+ ﬂcti\/odcion

xS

Features of allosteric enzymes ( Correlate with hemoglobiry :
* most allosteric enzymes are mubi-subunit enzyme.
* They possess a quaternary structure.
* The modifier need not be o structural anologue of the

substrate. @marroweditionénotes
* Substrate soturation curve is a sismo'\d curve.

____________

S _or ho_s

* Follows o sigmoid Kinetics as i exhibits cooperative
b'\ndins.
Binding of one substrate favour binding of other
substrotes to the same enzyme.
Does not follow Michaelis-menten hyperbolic Kinetics.
(Which result in o hyperbolic curve).

" \ctive space
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Alosteric Allosteric
J activator dl inhibitor
an “““““ : ;
E S ETou’c stote
Hish ofinty b - - - - - . "oor low
Reloxed ‘R : : : a?-ﬁini-hj
stote : : ; stote
k. les K, tes (s]
s RAGHIoN D actvaxor —> &raph moves 4o le$t, K5 _ decreases —>
High o&?'\ni’cij or R stote.

Addition of inhibitor = Graph moves +o right, 5, increases =
Low o&%‘m'\’% or taut stote.

Allosteric enzymes are ot two ’tﬂpes :

K series V series

29 increases Foe constant
V__ constant 2 decreases
Similar %o itive inhibition. | Similar to non-co tive en2

@marroweﬁﬁlonénggés f J

inhibition.
&n25me Activotor Inhibitor

ALA 55m Heme
Aspartote ’cmnscarbomglase ATP CTP
(pyradimine synthesis)
HM& CoR reductase : Cholesterol
ncet5| CoA C,arboxglase Citrate Acg\ CoA
(Fatty acid synthesis)
CourbomBI phosphod:e sgﬂhase-—\ M—Ace’(}jl
(urea. synthesis) Glutamate

Substrate favours forward reaction.
Product inhibits forward reaction.

eoeds eAndy

Covalent modification 00:32:38

Definition : gnzymes are requlated bﬂ addition or removal of
functional groups b5 making or breaK\ng covalent bonds.

Biochemistry + v4.0 « Marrow 6.0 * 2022
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Tgpes :
Irreversible : Partiol proteolysis (zymogen activation.
. Trv:jpsinosen 2 Trgps'\n.
&y chemicad\5 cleaving polijpepﬁde chain.
* Chymotrypsinogen —> Chymotrypsin.
* In blood coagulation, fbrinogen = Fibrin.
Reversible :
* Phosphorylation de-phosphorylation (most versatile).
. ch’c}jlaﬁon.
. me’chgloedon.
* ADP ribosB\o&'\on.
* Ubiquitin addition.
most common site for phosphorylation : OH group-containing
amino acids (serine, threonine, and tyrosine).

Protein Kinose

e

E-Ser-OH  @marroweliTioA6NOEE0,"

Tgr \_’/
Ty

Protein phosPha’case
/—\ HaO
P
In process ot Slgcogen desrada’c‘\on :
6‘50033“ phosPhor5lase degrades 3|50033n in its active
phosphorg\a&ed stote.
Insulin (Fed state)
&lucagon (¥as’dr\3 stoke)
&lucagon Slycogen Insulin
pho hor5\ase— b
®|_) Inactive) ®
Erokeinn Protein
Anose Phosphatase
leijcogen phosphorglase - o
(F\Tive)
G\\Bcogen degraded

Biochemistry « v4.0 « Marrow 6.0 + 2022
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Ace’tjlo&ion :

Happens in |535| residues.

gnzyme is acety| transterase.

nce{Bloedon happens in histone and other proteins.

Histone acetylated by Histone Acetylate Transterase (HAT)
= Positive charges in histone reduced = Interaction of
histone with DNA decreases —> euchromadin formation (less
candensed form)

This is an epigenetic modificadion.

ADP ribosyladion :
Donor : NAD+

Q. Cholera. toxin prevents & protein from binding to adenyly|
cyclase. How?

Cholera. toxin enables RADP ribosylation of & protein which
prevents it from binding to adenyl cyclase. .

Q. Insulin and glucagon requlote the blood glucose depending
on our dietary staus. How?

Covolent modification.

Insulin (fed state) dephosphorylates the rate limiting enzyme.
The enzyme active under insulin is active in dephosPhoralafed
stote.

Glucagon phosphor3|a’ces rote limiting enzyme.

gnzyme active under glucagon is active in its phosphorala’ced
state.

me’chgla’don :

Donor of methyl group : S adenosyl methionine.

Process of methylation : gpigenetic modification where cytosine
residues are me’chg\odred —> Decrease in gene expression.

How does Yersinia. pestis cause p\ague?
Yersinia pestis induces producﬁon ot enzyme called %Brosine
phosphotase which disables the phagocg’dc mach\ner5 of

macrophases.

Biochemistry * v4.0 - Marrow 6.0 + 2022
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Q. The substrote soaturation curve given below characterises
an allosteric enzyme sgstem which of the S’vol\ow'\ng stotement
iS h’ue? A

N
7

A. Allosteric modifier binds in o concentrotion dependant
manner :
False, binding is not based on concentration.

&. modifter can afSect catalytic site by binding to allosteric
site :
True.

C. Adding more substrate can displace the modifier :
False, becouse khe\j are not structural analogues.

D. Allosteric modifier changes binding constant not vmox :
False, as allosteric enzyme can. belongrto 45 series or v
series where ¥\ _or v __ can vary respectively,

Compartmentation 00:50:22

Certain paed'wags toke ploce exclus‘welg in cg’coplasm or
mitochondria, or both. This mechanism provides a safe space
for certain reactions. ‘
€9, Fo‘**fj ocid 55n‘thesis -> C,g’cop\asm.

Fokty acid degradadion —> mitochondrio.

Biochemistry * v4.0 + Marrow 6.0 « 2022
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CLINICAL ENZYMOLOGY

Isoenzymes 00:01:18

Phﬂs‘ucal\gj distinet form of the same enzyme.
Co@codgze the same reaction.

Properties :

* May be the product of ditterent genes.
eq SodNarB amglase and pancreatic amfjlase.

* May be made of different subunits.
eg : Lactote dehgdrogenase > H4, H3MI, HAMA ete.
Creatine Kinase = G- M, CKh-mMm, Crh- 8.

* Different electrophoretic mobility.
€., : FastesvwRerfadRest iR/ Epre S.

* Differ in heot stability, ‘
e.g.: a forms of alkaline phosphotase = Heat stoble
ond heat'labile.

* Difference in Km or substrate SPec‘“C‘*ﬂ-
e.g. : Ditferent affinity for hexokinase enzymes from
liver and pancreas.

* Cofactor requirement varies.
eg: %bplasmic isocitrate dehgdrogenase needs NADP
as co-enzyme j Mitochondrial isocitrate dehydrogenase
needs NAD+ as co-enzyme.

* Different tissue localization.
€.g. i LDH-1 in heart, LDH- 4 in R&C.

Enzymes
Functional enzymes
Have o function in the blood.
e.9. * Lipoprotein lipase, coagulation factors.
Non- functional enzyme
No function in blood.
Seen in blood due to normal wear and tear of organs, or
injury to them.

eoeds aAoYy
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used as diasnoshc biomarkers.
* Helps to find the location of the disease.
* Reflects the nature and severity of the disease.
e : A reversible inflammation in the cells increases cell

membrane permeabih’cg, ond the cg&oplasmic enzymes
are seen in blood.

In irreversible cell injury and necrosis, mitochondriol

membrane permeabi\i’cg is also increased, such thok
mitochondrial enzymes are also seen in blood.

Lactate dehydrogenase

00:10:2

0

Loctote deht:)drogemse

Pgruvdce

> Lactote.

Location —> cg&op\asm.
Structure = Tetramer with two types of subunits H and M.
Based on the subunits, difSerent isoenzymes are seen.

Isoenzyme Subunits mo@}-khaér YJMRS OGNt % in serum
pH 8.b

LOH- L H, Fostest Heart muscle 320

LDH- 4. H,M Faster REC, Kidn<-35 2S -

LDH- 3. HM Fast Spleen, lungs, ao
l5mph node,

Ieucock,&e, plotelet.

LDH- 4. HM, Slow Liver, skeletal 10
muscle (LDH- 4
predominan&).

LDH- S. m, Slowest Liver, skeletal S
muscle

LD- b —> Seen in severel5 il patients.

LDX/ LDC —> Seen in post-pubertal testes.
Blood analysis gives the total amount of LDH activity, To know
the specific isoforms, electrophoresis is dore.

Biochemistry * v4.0 « Marrow 6.0 + 2022
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00:16:29
. Creatine Kinas
Creatine —_— ﬁgc)reoedne phosPha’ce.
Locotion : cﬂ&oplasm.
Structure : Dimer with a subunits, M and .
Isoenzyme electrophoretic | Tissue of origin Percen’mge in
mob'\li’cg blood
ch- 1 (e) MU Brain %
crw-a (me) Intermediote Heart s%
cn- 3 (mmy Least Skeletal muscle 80%
Crh- Mt : Creatine Kinase in mitochondrio.
Alkaline phosphatase (ALP) 00:20:56

Removes inorganic phosphote by adding water (hgdrolases) in
on alkaline pH.
Isoenzymes :

2 5B froweditionenotes
Located in epithelial cells of bi\iar5 canaliculi.

Marker of extra-hepatic cholestasis (marked elevatior.
e.g. * Stone in common biliary duct, carcinoma. head of
pancreas obstructing the common bile duct.

a- a- heat lobile ALP :

Located in hepatocytes.

marker of parenchymal injury, -

mild to moderate elevation.

eq viral hepaoditis.

a- a- heot stable ALP :

Placental form.

most heat stable ALP.

Inhibited b5 pheng\ alanine.

Pre- B ALP:

Seen in osteoblasts.

marker of bone formadion.

glevated in Pagek’s disease, vitamin D deficiency,
osteomalacia, 1° and a° hyperparathyroidism.

ALP is normal in Multiple mu:je\oma.

Biochemistry + v4.0 - Marrow 6.0 - 2022



Ggomma. ALP :
Seen in mucosa of intestinal cells.

tlevated in Ulcerative colitis.

Cleared by sinusoidal cells of liver.

In case of hepatitis, it will be elevated,
Leucocg’ce ALP :

Marker of leucocyte disorders like leukemia.
Qegan isoenzgme :

Aiso called carcino-placental enzyme.
Similar o placental ALF.

germ cell origin.

Depressed in conditions of malignant tumors.
Magouo isoenzgme.
Kasaharo isoenzyme.

}Seen in malignan’r tumors.

¢ P

Cardiac Biomarkers

00:30:36

Rise when there is injury to heart.
gnz2umes and non—enzumadic ¢ol -
e 3 @marpowedéltlo%notes

Name Rise Peak Return to base line
CHh- Mg 4- 8 hours 34 hours 48- 73 hours
Troponin T 4—0 hours 34 hours - 10 d%s
Troponin | 4-0 hours 34 hours - 10 days
LOH 34 hours 3- b days a weeks
AST 13 hours 48 hours 4-S daﬂs

LDH and AST are not clinicod\5 used,

Cardiac troponins are more specific than Cri- M.

First biomarker to rise = myoglobin (& hours) = Non specific.
High sews'rhv‘rtg monoclonal Ab based assoy :

Detects < I ng/L of roponins.

Flipped LDOH po:btem :

In normal individuol —> LDH-3 7 LDH- |.

in M| = LDH-I > LDH-3.

Biochemistry * v4.0 « Marrow 6.0 « 2022
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Levels of
biomarkers

Cardioc troponing

-_— e - - - ! e

Brain natriuretic peptide GNP :
Not a. marker of ischemio.
marker of volume overload and c‘\rculoecor5 failure.

Enzyme profile in liver disease | 00:38:19
4 )
. Transaminases.
. ALT.
fic injury :
nepotie jury |, AST.
—@marrowediionbnotes
N\
. T,
markers of N
‘ * S- Nucleotidase.
cholestasis.
* AP
(. J

mMarkers of hepatic injury :

Tissue AST ALT
Heort - :@9? - 450
Liver 7100 a8s0
Skeletal muscle l S000 ' _ 300, _!
Kidney | 4500 1300
Pancreas : 1400 E 120
Spleen : _ 100 _ : 80
Lungs SO0 4s
E,r}jﬂ'\roca‘te IS 1
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From the previous table.
ALT is more specific for liver injury,
(Very high values only for liver injury)
AST has very high values for heart, liver, skeletal muscle,
Kidney and pancreatic injuries- non-specific.
ALT is exclusNeB in’cra—cgfoplasmic.
AST s located in cytoplasm and mitochondrio.
AST : ALT radio (AAR) :
AAR < | : rise in ALT > Rise in AST.
* Chronic viral hepatitis.
* Non-alcoholic %ﬂg liver disease.
* Toxic hepatitis.
* Acetaminophen &ox\c'rtij.
ARR > | :
* Alcoholic hepoditis.
Damage to mitochondria results in rise of AST levels.
* Hepadic cirrhosis.
AST levels increase ?@Fﬂ‘éﬁ%ﬁ%‘&% Sﬂér‘%t‘@@r ore
injured, and AST is not cleared from the plasmo.
* Liver neoplasio.

Aminotransterase level
Ischemic or
toxic liver
i
Acute viral Y
2 i
10,000 : hepatitis
3‘\ N(;ohohc e
2 o, epatitis
1000
§ Chronic
3 Liver  hepoditis
g cirrhosis
100
'§ Reference
g range
10

Acute injury or inflommadion of liver = marked elevation of
transominases.

Active space

Chronic conditions —> mild elevation of fransaminases.
Al liver enzymes within normal limits in an asi,jmp’(oma’dc
person, with only mild elevation of ALT = Fotty liver.
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Markers of cholestasis i 00:48:15
Alkaline phosphatase (ALP) :

Present in the cell membrane of epithelial cells ot biliara
canaliculi.

a -1- ALR

mMarked elevotion signi%es extra- hepatic obstruction.
Non- sPeci%oe; marker.

S nucleotidose :
Spec‘\%c marker of cholestasis.
Present in cell membrane of b‘\l'\ar3 canalicular cells.

Samma. glutamyl transpeptidase (66T :

Located in cell membrane and smooth endoplasmic reticulum
(microsomes) of the hepatobiliary system.

Less specific for cholestasis.

glevated in intra-hepatic and extra- hepatic cholestasts.

marker of5 1 arrowedition6notes

Alcoholic hepafrhs
]— Involvement of microsomes.
Heav5 drinkers.

Drugs like phengco'm ond phenobarb'\’cone.

{ R ' )
Hepo.’dc ALT T T T
Tt 4
. A _ J
_ ) ( T AT 1
.nlgorrt.?m o¥ mixed asT 1
liver disease. ae T
Y, e », e i/
aet 1
Cholestatic eeT? 4
S’ nucleotidase 1 1
_ Y _

Enzyme profile in prostate 00:55:15

Acid phosphatase :
Inhibited bﬂ tartrote ion = Tartrate labile.
(Thot is found in spleen, leucocytes = Tartrate resistant).
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Not a specific marker (also elevated in osteoclastic
injuries).
Prostate specific antigen :
Also called Kallikrein reloted peptidase-3 (KLKk- 2).
Cut of§ —» <4n3/ ml.

Enzyme profile in pancreatic disease 00:56:55

Serum nmglase :
Non- specific as it is elevated in other intra-abdominal
conditions, SoJNour5 gland  disorders, Seni’courinar5
disorders like ectopic pregnancy.

L'\pase :
glevated almost SO00 times.
markers of bone :
gone formadtion gone resorption
Originates $rom osteoblasts. Originates $rom osteoclasts.
[ ] - AL ) “
FES-Ee ey @ marrowéﬁ 1 "dheé’sz aferd Sllegen

* Osteocalcin. ’cgpe | col\agem
* Pro- peptide of ‘cgpe | collagen. | * urine ¥ree deoxapﬂndmohne

Novel markers of acute Kidney injury :
* Hidney injury molecule (KM~ D.
* Neutrophil gelatin associoted lipocolin ((NS'DX
* |IL-1I8.

* ALT.

* glutathione- S- transferase.
* aqT.

* Beta a m'\croglobulin.

* Alpha a macroslobud'\n.

* Retinol b'md'ms protein.

= %s’cod"\n C.

* microalbumin.

Active space

* Osteopontin.

* Liver 90@&5 acid binding protein.

* Sodium hydrogen exchange isoform.
* exosomal Fetuin.
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Marker enzyme of cell organelle _, 7 01:00:10

Plasma. membrane :
s’ nucleotidase.
ﬂdeng\g\ cyclase.
Na' K" ATPase.
gndoplasmic reticulum —> Glucose-b-phosphatase.
Solgi apparatus = Galactosyl fransferase.
mMitochondrio. = ATP synthase.
Lysosomes —>
Codhepsin.

Acid phosphoecase.

Clinical scenarios _ 01:01:20

Q: A SO year old man presented with complaints of squeezing
type of chest pain while he climbed up the staiirs. On examinadion,
he is anxious and restless, tachycardia present. 8f 183/liomm
Hg. His €C& shows no ST segmnt elevation. What is the next
investigation to be done?

A. Serum LDH.

8. Serum Ch- mMe.

C.eint.

D. ProBNPR

Suspicion ot ml. Troponins elevotes earlier.

Q: A Toyear old male patient was admitted with generalized
weokness, easy $aki8uabili{-5, ttching and joundice for one
month. On examination, patient was emacioted and serodeh
marks were seen all over the bodg. He was joundiced and a
mass was polpable in the upper abdomen. Which is the best
enzyme marker of this patient?

A. Alanine aminotransterase.

. Alkaline phosphatase.

C. S nucleotidose.

D. Aspartate aminotransterase.

eoeds ey
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Best marker is S nucleotidose.

Q* A leyear old female potient was admitted in medical ward
with fever, anorexia, vomiting, generalized weokness and
Joundice. She gives history of recent travel to Bangolore. Acute
viral hepaditis was diagnosed. which is the non- functional
enz2yme elevoted in this case?

A. Alkaline phosphatase.

6. Alanine aminotransferase.

C. Gamma. glutomy| transterase.

D. Creatine Kinase.

€. Lactate dehgdrogenase.

Q : A 38year old lady was admitted following a Road Trodkic
AcCident. During her hospital stay an intern in the ward while
o gRRiRg etrorestvere case Alle noticed that her serum ALP was

elevated and Skull X-ray showed-Osteoporosis circumseripta,
thickening of diploic areqs) and selerosisi of (porfions of skull
bones.
Oout of his curiosity he sends a blood sample to Biochemistry
lab. Which of he following is the Biomarker he sent?

A. Serum osteocalcin.

B. ProBNP

C. ANPR.

D. Kim-I.

€. exosomal Fetuin-A.

Q. A 40year old female with history of inadvertent use

of NSAIDs develop oliurio. Her serum creadinine and BUN
elevated and Acute Kidney Injury CArI] was diagnosed.
which of the following are novel markers of Al which can
be done in this case?

A. N ferminal pro NP

®. Clusterin.

C. Neutrophil Gelatinase Associoted Lipocalin.

D. Cross linked N-Telopeptide.

Biochemistry * v4.0 - Marrow 6.0 « 2022
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CHEMISTRY OF CARBOHYDRATES

Definition 00:02:34

H}jdro&es of carbon.
&eneral formula.: C_ (Hao)n
where n is the no. of carbon atoms.

They are aldehyde/keto derivatives of polyhydroxy

aleohol.
Simplest carbohtjdm’ce : G\lacemldehﬂde, Dihgdroxaace‘cone.
Aldehyde group ot C, ¥eto group ok C

Parent alcohol : Gdﬂcero\.

Classification of carbohydrates _ 00:06:15

monosaccharide : Single sugar unit.
Disaccharide : Two sugar units.
Ol'gosaccharide : 3-10 sugar units.

Polysaccharide : > 10 sugar units.
@marrowediionénotes

monosaccharide :
No. oF carbon atoms Aldoses retoses
3C : Trioses (ilgcemldehijde D‘xhﬁdroxgace’cone
AC : Tetroses &rg’chrose &rg%hrulose
SC : Pentoses Ribose Ribulose
x5lose » XB\ulose
bC : Hexoses Glucose Fructose
Golactose
nMonnose
Ring structures of glucose and fructose ~ 00:09:16
) Aalurose
Q
z H OH
WO
: Straight chain H—a?—OH B il
OH—3C—H (i/ 0
H—4(|‘,—OH tll
H—C— H—Sfi« =

bCI’HaOH Hﬁbr’\d
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In solution, 99% glucose and fructose exists in ring form.

Fructose :
CH OH | CH. OH

|
|.—

c HOH C
< OH _C—H
—C—H __
3(‘:—0 H 3(|‘, OH T b
— H —_ —
4 ., A& 4
—C—OH -
S| S| Hﬁbr'\d
S’(TOJS\"\‘\’ ©CH OH ©CH_OH
Disaccharides 00:15:44

Depending on which wboﬂu%swmeﬁgﬁgwmww
9glycosidic bond formadion, they are divided into reducing and
nonreducing disaccharides.

Non rech;cing : Functional groups are ensaged in \‘inKo.Se, and
no free group present.

Reducing : Free functional group present.

examples of reducing disacCharides :

Name monomer units fi Ug'l“’rogﬁ
UTTIAalt

mMaltose glucose + Glucose | QU - 4 glycosidic linkage

Isomaltose |  Glucose + Glucose | Al - b glycosidic linkage

Lactose | Galactose + @ucose | PI - 4 glycosidic linkaoe
Lactulose | Golactose + Fructose

examples o non—reducing disaccharides :

Nome monomer units Linkage
sucrose | @lucose + Fructose | o - [3a linkage
Treholose | glucose + Glucose al - l‘mlﬁage
Polysaccharides 00:21:34
Homopolysaccharide Heteropolysaccharide
One type of monomer > I type of monomer units.
e\lﬂcogen :

* Storage carbohydrate in humans/animals.
* moade of O D glucose.
* pronched polgmer.

Biochemistry « v4.0 « Marrow 6.0 + 2022
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* Straight chain : @ 1,4 linkage.
* At branches: A 1,6 linkage.
. S&arﬁns point has a reduc\ng end,
* multiple non reducing ends present where glucose
molecules are released present.
Starch: Storage carbohljdm’ce in plonts.

£ d

r-\mglose nm}jlopectin
(Unbranched : Linear, ou - 4) (Bronched, oU - 4 OU - &)
Dietary fibres 7 7 00:27:27

Also called non stareh polysaccharide.

Definition : Remnants of edible part of plants and analogous
carbohydrates that are resistant to digestion and

absorption b5 human small intestine but completely or
partially fermented by human large intestine.

Human intestines lagh the enzyme-cellulase to hydrolyse the
B 1-4 linkage. Most of cellulose is made of f D glucose
usually fermented to short chain Qa’c’cﬂ ocids like acetic acid,
butyric acid § propionic acid (energy source).

Die’car5 fbres
Insoluble (crude Rbres) : Soluble *
Cellulose 2 Pectin
Lectin muc‘\lase

Lectin cannot be digested, absorbed or fermented.

RDA : 40 5/ 4000 ¥eal.
gnerqy released per gram: & hcal/S of dietary fQbre.

uses :
* Act as substrates prorho’dna colonisation of probiotic
strains (hence are prebiotics).
* Foecal bulking and softening,
. Qegulari’cB to bowel movement.
* Reduce cholesterol by binding to bile salts.

Biochemistry * v4.0 + Marrow 6.0 * 2022
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* Favours sa’dekﬂ.
* Fibre particularly gums (?enugreeK) and pectin reduce
post prandial blood Slucose level in the blood.

Inulin :
Fructose, Fructosan.
Inulin clearance test : Used to access glomerular fittration
test (ideaD but not used now.
Chitin : In exoskeleton of crustaceans.
made of N-acetyl D glucosamine.

Pectin : Heteropolysaccharide.
Predominantly made of galacturonic acid,
Dextrin : Hydrolytic product of starch.
Dextran : Polysaccharide of oL D glucose.
* Used as plasma volume expander.
. Sgn‘che’dc dextran : Size exclusion chrom‘rographﬂ.

* Dental plaque.
Isomerism in carbohydrates =~ 00:38:34
MUTTTIAImovvCuUradoTriuorrotc s

Isomers are compounds with same molecular formula but
ditferent structural organisation.

Stereoisomerism :
D § L isomerism (enantiomers) Dextro or levo rototory
Anomerism
gpimerism
nsamme’cﬁc corbon atom :
4 valercies of carbon otom occupied by 4 different groups.

glucose
0 CH OH
W # &
I :
H— T-On WP s T O\ o g
il /v O\ :
| c e <
HTE |\C|’H T/I
—C— HO a
H S OH I A
CH OH | |
o? H OH
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In straight form of glucose : 4 asymmetric C atoms.

In glucopyranose form: S C ofoms.

Leber van't Hot formula. : 37 where n stands $or no. of
asymmetric carbon atoms.

D and L isomerism/enantiomers 00:38:34

The organisodion of difSerent groups aftached to carbon
atom changes ot the penuttimate/reference carbon otom.
The5 are mirror images.

Most carbohydrates exist in O form.

mMost amino acids exist in L form.

In glucose, it depends on position of H and OH on S C atom,

D and L forms of 9lyceraldehyde _
chnrod cen’cer C|,H0 CI‘»HO
Bl /) HC—OH  OM—C—w
/ oH—d—n H— C—OH
H— c—oH ﬁo— C—H H—(l(—OH o6~
o OH i o G J( H
@marrowed|t|0n6notes CH, O CH OH

D—Gdgceraldehgde L—e\lgcemldehﬂde D—3|ucose L—Slucose

Anomerism 00:49:25

lsomerism at the functional carbon atom.

examples : @ glucose and f glucose.
| N
CH_OH e?
|
H—c —OH
OH—(l;—H —
|

H—C —OH
|
H—C —OH B alucose
|
H—C —OH
|
H
HoHC O\ OH
S a
H HO /eH OH
af. e
OH H
a-D-fructofuranose B-D-fructofurancse

Biochemistry « v4.0 + Marrow 6.0 « 2022
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Epimerism

00:53:47

CH CH

| o ro

Ditference in orientation of K ond OH
|

group at a single carbon otom other H—C,—OM  W—C—0n
|

than the ti | |
functional and penuttimate HO—C—M  OM—c —n

carbon atom. | I
HO—C,—H H—C,—OH

f }
C ¢ H=Cy=oi B—t—~on

I |

H—C —0OH HO—C —H .

e - = g C, epimer CH.OH C,H.0H
HO— C—H HO—ca—H Gaolactose Glucose

|
T Y .
ﬁﬂ o ‘;“ OH Mannose : 3™ epimer of glucose.
H—C;fs_OH H—%_OH Golactose : 4" epimer of glucose.
C,H.OH C,H.OH

Glucose mMannose

Allose : 3™ epimer of glucose.

Diastereoisomers :
Difference in orientation of H and OH groups in > | carbon

atom other than the functional and penultimate corbon okom.
a@ arrovde_dltldrﬁgno%%rs
mMannose and 3alac’fose e diastereoisomers.

Optical isomerism 00:57:41

F\b‘\l‘rt5 to rotate the plane polarised \'\Sh’c.
Occurs due to asBIT\me’cr'\c carbon atom.
*  Glucose : Right/clockwise direction : Dextrorotation -

(d glucose or “+). Hence glucose is known as dextrose.
*  Fructose : LeMt/anticlockwise direction : Levorotadion

(7 glucose or -).
Suerose s initially dextrorotatory and after it is hydrolysed,
becomes levorotatoru. Henge, aka invert sugar.

’ Ay

7&“‘_")@

/
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One liners 01:01:42

monosaccharide with single a%mme&ric carbon otom :
a|3cermdeh5de.

* Ketoses have | asijmme’mc carbon less than
corresponding aldoses.

. Carbohgdra’ces with no asgmme’cric carbon otom :
DihgdroxB acetone.

*  Amino acid with no asymmetric carbon atom &lycine.

*  most predominant form of glucose : B © glucopyranose.

*  most carbohydrate exist in D form.

*  most amino acids exist in L form.

@marroweditionénotes

eoeds eApoy
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GLYGOSAMINOGYCANS AND
MUCOPOLYSACCHARIDOSES

Introduction 00:00:08

erea‘dng disacCharide unit.
Also called as He&eropo\}jso.ccharide/ mucopolysaccharide
Long unbranched he’ceropolgsmharide cons‘\s’dng of a
repeoddng disacCharide unit.

L DisacCharide unit j
s l J
E AMino 5“8‘”} @marrowedi@o&@&t%&, ]

[ ]
! { ]
Glucosamine [&alac&osamin% @Mcuronic Qc'\d] [\duronic nc'\ch

N ~

%p'\mers

et o ) ) _

S(t) CHCOO™ SO =
J

[
Overall negahve charse

Properties of GAGsS :
. Mego&i\/elﬁ charged/ Po|5an'\ons.
* Form hﬂdrogen bond with water.
*  Absorb water and form a hydrated gel acting as o
lubricant.
L. Compressibility of cartilage.
a. Mobility and resilience of joints.
* Occupy large space — molecular seive
* Selective transport of molecules.

Biochemistry + v4.0 «+ Marrow 6.0 + 2022
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ok |

|

N |

(STl Disaccharide Locodion.

repeaﬂns unit.

Hyaluronic acid. N-Acety| Glucosamine | Skin, Synovial Sluid,

§ Gucaronic acid. Bone, Cartilage, Loose

connective tissue.

Chondroitin Sulfate. M—Ace%\

(‘,ar’tilage, Bone, CNIS.
Golactosamine §
Glucaronic acid,

Keratan Sulfate. N-feetyl Glucosamine | Cornea, Cortilage,

K Goloctose. Loose connective tissue.
Heparin. Glucosamine § Iduronic | Mast call, Liver, Lung,
7 acid, SKin.
Heparan Sulfote. | Glucosamine § SKin, Kidney basement
Glucaronic acid, membrone.
Dermatan Sulfate. | N-fcety  Skin.
Golactosamine §
lduronic acid.
Charact%\; stics @ﬁg@ﬂ&%ﬁ& 00:12:38
Chondroitin Sulfate :
-- ~1¥R4t abundont GAG,

° COmpressib'\ch ot car’c'\lage.

“eratin Sulfote :

mMost he’cerogenws SalCH

Repeating unit is Galactose and hence no uronic acid
K3 1 : Cornea (Corneal ’cransparencg) )

S 1\ Loose connective tissue.

Dermaotan Sulfote :

wide|5 distributed in the skin.

Structure of Sclera.

Atherogenic A& : Synthesized from arterial
smooth muscle cells, hence attaches to low dens’&5
lipoproteins (LDLS). These LDLS are carriers of bad
cholesterol.

Biochemistry « v4.0 - Marrow 6.0 « 2022
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- glycans a
Mucopolysa d

Heparan Sulfate :

*  Present in 35nap’cic vesicles.

* Present in the renal basement membrane mMoking it
responsible for the charge selectiveness of the
glomerulbi wagerHetw e R BSe:

* Gives anet negative charse to the basement
membrane, therefore doesn't let negodively charged
Albumin to pass ’through.

* Anchors lipoprotein Lipase to the endothelial surface.

* Acts as plasmo. membrane receptor.

* The on\g intracellulor 6AG,.

* In}. Heparin dislodges lipoprotein lipase from its
anchoring site. »

. r\lo&urod\5 ocCurring omﬁcoasudan& which binds to
Anti-Thrombin 1\

Hyoluronic Acid. ;
*  Not covalently boynd ko prtEBitionenotes '
- Polﬂsacchar\de.
* No sulfate group.
*  Helps in cell migrotion (Wound Repaiir,
embryogenesis, Morphogenesis, Metastasis) .

Proteoglycan Structure 00:21:14

//, % 0080
R\ Stalk

(aolactose. aalac’cosex':j\ose)

~ n\‘\

)~

A ry
() ahG

)
-\~
O

G
\%o%

Active space
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Core pro’(e\n

Pro’ceoslgcom aasrego&e

GAe(9s%) + Protein(sh) = Proteoglycan.
Bottle brush shape.

Mucopolysaccharidoses (MPS) , 00:25:54

GAGs are synthesized in the endoplasmic Reticulum and &olg;
Apparoatus.
Theﬂ are degraded in the Lysosomes.
MPS are o group of disorders offecting the degradodion
of GAg in the Lysosomes, hence leading to intra. lysosomal
accumulodiom 4 rrowedition6notes
Theg are essen’c‘\od\ﬂ, Lysosomal Storage Disorders.
Inheritance is Autosomal Recessive (Except Hunter’s dDisease) .
mMost common MPS : Sanfiippo? Hurler > Hunter .
General feotures of MPS :

* Cooarse faciol features.

*  Frontal bossing.

* Depressed nasal br'\dge.

* Comeal cloudins.

. Qingix/od hﬁper’crophtj.

* Mmacroglossia leading to recurrent URTIs and

hearing loss.
*  Clow Hand,
* Intellectual disabih’rk;.
- w-vcweeﬁsﬂxegalg leading to umbilical or o inquinol
hernio.

*  Short stature.
Radiologjical findings :

% Dgsos’tos‘s multiplex.

Biochemistry « v4.0 - Marrow 6.0 + 2022
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Mucopolysa do
* &eaking of vertebroe.

* Tip ot metacarpal desenero&ion leadin3 to
Bullet shaped phodar\x.

Hurler's Disease/ MPS |-H :
*  mutation of IDUA Gene.
. m‘-%‘rechng a-L \duronidase enzyme.

Scheie’s Disease / MPS 1-S :
*  mutation of IDUA Gene.
* ARecting a-L \duronase enzyme but the enzyme
activity is partially preserved,
* Normal intelligence.
* Presenting age is ofter S years.

Hunter Disease/ MPS |\
*  mutotion of IDS Gene.
. Aﬂec’fmg lduronate Sulfotase enzyme.
* X-Linked Recessive candition, henceonly males are
*  oaffected
* Clear Vision. (No corneal clouding)
Nodowicz Sgndrome/ MPS IX : AfSecting Hyaluronidase

€n25l'“€. ~
Disease enzyme defect mental Comeal
Deficiency CJQud'mg
mMPS I-H (Hurler) | L lduronidase Present | Present
mPS 1-S (Scheie) | L lduronidase Absent Present

mMPS I\ (Hunter) L lduronate Sulfotase Present Absent

mMPS N (Sanfilippo) | enzyme that degrades | Present | Absent

Heparan Sulfate
8
mPS IV (Morquio) | Galactosamine- Absent Present 3
b-Sulfotase, g
<

eeto-golactosidase

mMeS Vi M—r-\ce’tgl aolactosomine- | Absent Present
(moroteaux Launa) 4-Sulfotose

Biochemistry * v4.0 + Marrow 6.0 + 2022
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Disease v‘nsceromegc\lg Short Dgsos&osis beuKoche
Stoture rmdkip\ex Inclusion

&e“‘ﬁ Body
Inclusion)

mMPS |-H Present Present | Present Present

(Hurler)

mpPs 1-S Present Present | Present Present

(scheie)

mPs |\ Present Present | Present Present

(Hunter)

mPes 1\ Present Present | Present Present

(sanflippo)-

mC MPS

mPs v Absent Present | Present Absent

(morquio)

mpPs Vi Present Present | Present Present

(moroteoux—

Lamﬂ)

@marrowedition6notes
Treatment Modalities 00:43:03

Stem cell Thempg :

MPS |-H and MPS |-S.
mMPSs V.

&r\'zﬂme Qneplaaemen’c ThemPB :
mPes | : n\durazgme.

mpPs |\ ¢

elaprase.

mpPS Vi : Maglaz5m6.
MPS IV : Recombinant Galactosamine Sulfatase (GALND 3
S4ill under rial.

Substrate Reduction Therap5 :
MPS 1\ Flavinoids.

Biochemistry « v4.0 - Marrow 6.0 « 2022
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Clinical scenario | :

A b year old men&od\g retarded girl with protuberant abdomen,
umblical Hemia, short stoture

Answer : mucopohjsaccharidoses.

explanation : Mental Retardotion/ Intellectual disability,
umbilical Hemio.

Short stature.

Cormeal C)oud'\ns.

Coarse Facial features :Frontal bossing, depressed nasal
br'\dge, mMacroglossio.

Claw hand.,

Al of which are features of MPs.

Clinical scenario A :

Al year old boy with short stature, coarse facial feature,
Eé\lrSLuhSm and normal intelligence

Answer : Scheie’s Disease

explanation : lo year old b05 with Short Stoture, Hirsuitism,
Normal intelligence, Coarse facial features,

Corneal c\ouding Abdominal protrusion

Cloaw hand ¥ L-lduronidose enzyme is oafected, . we cnn
conclude it to be Scheie’s Disease.

Biochemistry + v4.0 - Marrow 6.0 - 2022
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Clinical scenario 3 : o |
Q. a year old male presented with coarse facial features,

intellectual disab\ilikﬂ, prominent abdomen and clear vision.

what is the diagnosis?

Answer : Hunter Syndrome (X-linked Recessive)

explanation : its a. male child with clear vision which indicotes
Hunter 35ndrome as it exclusivel spares cornea and is a
X-linked recessive disease.

Clinical scenario 4 :

A b year old mentod\ﬂ retarded girl with protuberant
abdomen, umbilical hernia, short stature along with following
findings seen.

eullet shaped middle 2211\5 bod5 inclusion
N phalanx

Answer : Not mPS v

explanation :

Leukocyte inclusion bodies called Reilly bodies are seen.
Bullet shaped middle phalanx is also seen. These features
are exc\usNelg absent in MPS .

Biochemistry « v4.0 « Marrow 6.0 - 2022
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GLUCOSE TRANSPORTERS

Types of Glucose transporters 00:01:54

Sodium dependen’c Glucose transporters : SGLT.
Sodium '\ndependen’c Glucose fransporters : gLUT.

Glucose is a h5drophilic compound., It must be transported
ﬂ"\FOuSh the h}jdrophobic plaSma membrane. Hence
Transporter is required,

SGLT 00:04:28
Tﬂpes Location Function
SELT-1 | Intestine : Luminal side. Absorption ot Slucose.
Proximal Renal tubules.

SELT-a | Proximal Renal n%dgrsfow aéﬁ)‘[sl?)rﬁg%% ?é S3\uu:ose.

SGLT-I : Charocteristics

* Sodium - dependent.

* unidirectional transport.

. Secondar5 active transport.

' lsa s5mpor’c : Troansports Glucose along with Sodium.

Na" K" ATPase pumps 3 Na” out and a K’ in with the utilizodion
of | ATP.
Hence in SELT-1, Na is fransported along the concentration
gradient while &lucose is transported against the
concentrotion aradient.

s eref 3L Boes ok require ATP bud to pump out the
No* and. +o bring in K™ (to maintain neutrality) the NA"/K"
ATPase pump utilizes ATP. (secondary active transport)

Active space
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Intestinal cell Blood

qLuUT- i
s &ol S To Blood

Clinical applica’cions :

* In ORGBoemrmromarErseare supplemented together
as ’ch95 are absorbed ‘cose-ther. :

* Renal glycosurio s
o ATUDHEINONONOISS, i ot tis gone
results in inhibition of SGLTA.
Hence the reabsorption of glucose is inhibited.
The renal threshold is lowered (normal- 18oma/dD.
aucose is eliminated in urine ot a very less
concentration of glucose.
It is detected by benedicts test or urine dipsticks.

* SGLT-4a Inhibitors are used as oral h3p03|5cemic agents
called gliflozins.
Renal Slgcoswia iS seen in this condition.
Side effect : Urinary troct infection.

GLUT 00:17:22

Choarocteristics :

eoeds eAjoy

* Sodium independen’c.
* Focilitated carrier—-medioted JaromsPor’c.

* Possive process.

Biochemistry * v4.0 « Marrow 6.0 + 2022



* eidirectional.
o n\onS the concentration Smdien’c.
. P'\r\S PonS mechanism :

® o ©
® HiSh concentration

Ping state Pong state

Low concentration

Ping stote — Faces towards hish concentration of S\ucose ond
attaches to it.

Pong stote — Faces towards the interior of the plasma.

membrane. P'ms stote con?orma‘donal\g changes to Pong stote
ond Slucose [ ’cmnspor&ed odons the concentration Smdien’c.

" A hyperbolic curve qpYRIGIYNEHEHEBHBeS

concentrotion Sraph.

—> Simple di¥fusion v ¢ (&]

Moo P===== Hyperbolic
Substrate
vl GULT Soturoble

(Facilitated difSusion)

(s]

S — Solute concentrotion
V — Rate of absorption of solute.

Hyperbolic curve — The rate ~f absorption of solute raises
initially as the solute concentration increases and remains
the same after a. particular concentration (Vma).

Reason — all the carriers of glucose get soturated ok V max.

In simple diffusion, S is directly proportional to V.

Biochemistry « v4.0 « Marrow 6.0 + 2022
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GLUT | Location Concept/ features
aLuUT- | erain, widely distributed,
placenta, Kidney, High a?—Qini’cB Flow K .
RBC, colon, retina. Bosal Slucose uptake.
Seen with Cell barrier
mechanism,
gLuT-a | B celis of Pancreas. Low afSintty, K~
Sinusoidal cells of Liver. high.
Basolateral/ serosal Insulin secretion.
side of Intestine. Uptake glucose for
Basolateral side of Storage.
Proximal renal tubules. | Absorption of Glucose.
Reabsorption of
Glucose.
SLUT-3 | Neurons, Kidneys, Highest afinity to
placenta. Slucose -7 low K :
SLUT -4 (DHear; adiposesskéletdl s Insulin-dependent.
muscles Decrease blood
glucose
(Maximum extraction
> of glucose in the
postprandial stote)
GLUT-S | Luminal side of Fructose transporter.
the small intestine,
spermaodozoo.
GLUT-6 | Spleen, Ieucocg‘ces. Pseudogene.
No transporter
functions.
GLUT-T | Liver, Smoofi™ " """ "7~ T TANSPOTES glucose
1 endoplasmic reticulum | across the SER.
;2 (seR).

GLUT-8: seen in elas’cocﬁs{s.
GLUT-9 : Urate transporter. mMutodion of GLUT-9 s a cause

of Gout.

Biochemistry * v4.0 « Marrow 6.0 « 2022



Absorption of Glucose in the intestine 00:35:53

Intestinal cell Blood

Luminal side of Intestine :

Absorption Via SGLT-I : Galactose > Glucose > Fructose.
SLUT-S : Carrier medioted transport of Fructose along the
concentration gradient. It is facilitated difSusion.

aLuT -3/ Glycogen

GLUT-3 : Transport B¥ Glucose, Galactose and Fructose from
intestinal cells to the blood, it is Insulin \ndependent

In B celis of the Pancreas and Liver, &lucose is transported
into the cells via GLUT-3a.

K has o low o&%in\kg o Glucose.

Hence i is transported when the concentration of Glucose is
more in the Blood,

In the liver, Glucose is stored as &lycogen.

In Pancreas it helps in the secretion of Insulin,

In the Presence of Insulin, GLUT-4 is recruited to the plasma

Biochemistry + v4.0 « Marrow 6.0 - 2022
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membrane of Skeletal muscle, Adipose tissue, and heart.
The excess Slucose in the blood is reduced.
alucose is not the onlg source of energy in these organs.

Distribution of glucose transporters in
various organs 00:41:38

Brain : GLUT- | § 6LUT- 3 both have a. high o&frir\'\’tg %o
glucose, hence glucose is transported even if blood glucose
levels are very low.

RBCs : gLUT-L.

Placenta : GLUT-I § GLUT-3. With high fetal glucose demand,
Glucose is transported to the fetus even it the blood glucose
levels in matemal blood are low.

Neuronal glucose Tran5por’(er P GLUT-3.
wideI5 distributed Glucose Tmn3por’cer F GLUT-I.

Glucose has hish Glycemic index than Fructose.

Reason : Glucose'is absdrbed Via-S6T-1, against the
concentration gradient, while Fructose via GLUT-S which is
facilitoted difSusion.

Glucose, Maltose, Lactose, and Galactose have a Glycemic

index of | or 100%.
Die’tar5 fbres have a G\lﬂcemic index of 0.

Question : A S—Bear—old boy ofter drinking contaminated
water, resulted in acute watery diarrhea, later diagnosed to
be cholero.
* what is the role of &lycolipids here?
&M-1 Ganglioside acts as a receptor for cholera toxin.
* what’s the role of ORS although electrolytes are lost in

stools?
Na" and glucose are absorbed together via S&LT-,
e ki1 Sontt Hnanlng s, of electrolytes in stools.
* ¥ we add amino acids, will it aggravate the situation?
No, Because the transporter for amino acids is

difSerent.

Biochemistry * v4.0 + Marrow 6.0 + 2022
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GLYCOLYSIS

Sanespt 00:02:17
\\R—‘.k _77: 8

Po&huoaﬂ taking place, when body is in a well-fed state
(High insulin-glucagon rotio).

Glucose
£ GLUT 4
L]

1
WV

Glucose — glucose 6 phosPho&e

HMP po&hwag
G\\}jcosen
Gllgcolgsis
P5mvoece o
SS 0)(&360
nce{Hl CoA /\ Lactote

O)(ida‘h\/e l.‘.o
2 @marrowedition6notes
TCA cgcle

Fa’c’cg ocid
l

~ Triac5| Slgcerol

Glycolysis : Overview 00:05:40

Also known as embden megerho‘? Parnas pothwoy
emp Paﬂ1m5).
Derived from &reek word ‘alykys’ : Sugar.
‘Lysis’ : Splitting,

Site : All organs.
Organel\e : cg’coplaSm.
Significance

» Onlg pat\'maﬂ thot takes place aerobicod\g ond

anaerobical\ﬁ.
* ReC : Onit metabolic fuel in lnoHnateskasgtiactineyshste is

enhrelg Slucose.
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On\B anaerobic Slﬂcolgsis occurs in RBC as REC lack
mitochondrio.
Defect in glycolytic enzymes : RBC lysis.
* Skeletal muscles :
Enormous capacity for 9lycolysis.
exercising muscle : Decreased oxygen supply and hence
derive supply $rom anerobic 9lycolysis.
Defect in glycolysis : Muscle ¥o¢i3ue.
* Heart:
Low Slgcolgﬁc capaci’(}j : Cannot survive ischemio.

[ alucose ((‘Jo)j
7 |

]
6’riose phosphate (C,S)] = [Tr'\ose phosphate (C’sﬁ

NAD+
NADH

— TP +

@marrowedition6no{e yvace ]
Anaerobic T Aerobic

MAD*'D

)
NADH [ Abehyl Cah ]

\

Steps of glycolysis . 00:17:28

l. Prepara’corg phase :
* Stages o¥ phosphorylation.
* Stage of splitting,
This phase utilizes ATF.

32: a. Pag of§ phase : .
g * Stoge of oxidokive phosphorgla’don.
¢ This phase generates ATP.

Biochemistry * v4.0 + Marrow 6.0 - 2022
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Prepora‘cora phase :

Heonir\a(se/ qluiolﬁinase\ (Ql-um;o_;};ozph“a;e)

|ATP |1 ADP

PhosPho hexose
isomerase

(reversible)

(Fruc&ose b phosphate )

il Phospho fructokinase |
| ADP

Fructose 1,b
bisphosphote
AIdV W‘ersible)
Dih}jd.rox5 acetone Gdgcemldehgde %
phosphate (OHAP) phosphote (&ly 3 p)
PhosphoTriose
isomerase

Glucose Heonm;se = &\,/ Glucose b phosphate

IATP | ADP

~

SiSn'\?\cance :
* "irreversible step.
# Qegulo&org step.
* Flux Seneroecing step.
* Phosphorylation by hexokinase traps glucose for -
cellular metabolism.

& In isomerisation of &b phosphate to fructose 6 phosphate,
the C=0 group is transferred to Ca so that o free hydroxy|
group is availoble ot Cl.

It is a reversible step.

2) (Frw:tose b p\'\osphaia

' “qu Phospho Sructokinase |

| ADP
Fructose |,b
bisphospha&e

Biochemistry * v4.0 « Marrow 6.0 - 2022
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Sisni%comce : ”
* Rote I‘\m'rkins step.
* a™irreversible step.
* Committed step of 9lyeolysis as fructose I, obisphosphate
formed can enter only glyeolytic pathuwoy,
* oottle neck of the pathway.

4) Fructose 1,6 bisphosphate is split into two 3 carbon
compounds, dinydroxy acetone phosphate (DHAP) and
Slﬂceraldehgde 3 phosphate b5 the enzyme, aldolase.

This is a reversible step.

DHAP gets converted to Slgcemldehgde 3 phosphate b5
phosphotriose ismerase.

& molecules of 9lyceralsehyde 3 phospha’ce enters the pay
oS phase.

Hexokinase Glucokinase
* Has 4 isoforms. * Hexokinose V.
* High a&’-&'\n'\’n‘.j. * Low o&-ﬂ}'\ni’cﬂ.
et ) marrowedition6not‘é‘§5"‘ it
* Not an inducible enzyme. Induced bﬂ insulin.
* Housekeeping enzyme. * Inducible enzyme.
* Inhibited b5 SLPO, * Not inhibited b5 SLPO,.
- * Regulates blood glucose in
post prandial state.
* Present in beta cells of
pancreas g liver.

Phosphorylation by hexokinase traps the glucose for cellular
metabolism.

Glucose enters the cell via GLUT 4 transporter which allows
bidirectional fransport of glucose.

However, by phosphorulating olucose, its transport ou’cswle the
cell is prevented and glucose b phosphate now enters various
metabolic po&hwags.

Phosphofructokinase | (PFK ) is an allosteric enzyme.
Allosteric activator of PFK I is fructose 3,6 bisphosphate.
Fructose 3,6 bisphosphote is formed from fructose b
phosphoate by action of the enzyme PFK a.

Biochemistry * v4.0 < Marrow 6.0 « 2022



PAA 1 is inducible enzyme.

Pay off phase 00:37:06
a x | Qlyceraldehyde
3 phospha’re
Pl eTC
aly 3 Po, dehydrogenase
2 cil NeE & NADH = 4.5 ATP x &
Reversible step - SATP
Inorganic PO, added NADH § H+
1,3 e'tsphosPhogl\tjcero&e
0,3 6P
13 8pq | Substrate level
Kinase

ADP
Q phosphorujation
ATP x & = AATP

[ 3 phosphoglycerate ]
3 phosp\'\oslgcero&e mutase

[ a P@ggnég‘ggyyggltjo%notes
enolase
I\> Ha0

mg‘"/ mn?*
(Phosphoenol pﬂru\lo&e (PeP) ]

(on|5 reversible kinase)

Pyruvate kinase ADP Substrate level
(rreversible step. phosphorylation
Qegula&org s&ep) ATP x & = AARTP -

Anaerobic glycolysis 00:46:19
Glucose
a @ly 3 Po, Lactote
NAD+ Lactate
‘L <: NADH > T dehgdrogenase
1,32 BPG Pyruvate

N

Biochemistry « v4.0 « Marrow 6.0 + 2022
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No net generation of NADH.
Anaerobic Slgcolgsis tokes place either when there is no
mitochondria or when there is lack of oxygen.
S'\Sni“cance of anoerobic 3\500|5s‘\s in RBC :
There is no mitochondria in moture R&C, hence regenerotion
of NRAD+ will not occur.
Lactote dehydrogenase (LDW in anaerobic glycolysis
regenera’ces NRD+.
This also prevents accumulation 08 NADH (producf) ond
ensures thot 3\500\55'\3 is not inhibited,
Energetics 7 00:50:35
D Rerobic Sl5col55is :
mgggg?eldins steps Number of ATP generated
Slyceraldehyde 3 INADH X 3 = A NADH = &S X & =
phosphate S ATP
1,3 PG Kinske! Toweditiofireies - a ate
Pgrw/o&e Kinase IATP X & = & ATP
Consumption of ATP:
HexoKinase = | ATP
PFK 1 =1 ATP.
So net ATP Generated : 9 — 3 = TATP
a) Ano.erobic glycolysis *
gnergy 5ie|dm3 steps Number of ATP 3enero¢ed
L, BPG Kinase | ATP X a= & ATP
Pgmvod:e Kinase | ATP X &= & ATP
z Consumption of ATP:
p HexoKkinose = | ATP
8 PFK | = | AT

S0 net ATP Generoted : 4 — 3= a4 ATP.

From | Slucose b5 oerobic oxidodion :

Biochemistry - v4.0 « Marrow 6.0 « 2022
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Rerobic 8|5<>o|55is = TATP
POH = &S X 4 =S ATP
TCACBde= a X 10 = 30 ATP
Total ATP generated : 33 ATF.

Inhibitors of glycolysis 00:55:02

. &lyceraldehyde 3 phosphate dehﬂdrogenase inhibited bg
* lodoacetate.
* Arsenate : Decreases the availability of Pi.

a. enolase : Inhibited by Suoride by reducing the availability
of g™ or Mn.
Clinical significance : NaF oxalate mixture used, in
estimadion of blood glucose.

Rapaport Leubering cycle 00:58:05

Tokes place inside R&C.

Only 10% glucose enter thigiegelecroweditiontnotes
Also called R-L Shunt / 3, 2 8Pg Shunt.

edijceroddehbde
3 phosphate

6\|5 3 PO, dehgdrosemse

0.2 ePe)

ADP
1,32 BPG Kinase Q 3,3 6Pq
i %(Hao e
[ 3 phosphoglycerate j o Phosphatase

&;\ phospk:oSIBcerate ]
|

E,s eisphosphoggcem*e} 1,3 6PG mutase

Active space
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There is production of 3,3 BP& by shunting the ATP
Senero&'\ns step in Slﬁco\ijsis.
3,3 BPG :
* shift Oxygen dissociation curve to right (low ofinity
stake).
* Helps in unloading of oxygen $rom Hb.
No net Senmsn’dan.o?, OTH..

10% of Slucose in RBCs enter this pod'hwag.

Regulation of glycolysis 01:04:15

. Hormonal regulaﬁon :
&y covalent modification.

* Fed state: e
H‘us i in
{ Slucason rokio J

|

g % Fructose G
@marrowedltlpci)p notg:; -
Dephosphorﬂla&— \/\
ed form Fructose a6
PFK | is activated bsphosphte

hence glycolysis is active. Hiosterartivler e
" Fas’cing stote :
Low insulin Slumgon radtio.
Phosphorylation of PFK & occurs and fructose 3,
bisphosphate is not formed.
Hence PFK | remains inactive which inhibits 3\50,0\35'\&

a. Allosteric resulo@cion :

enzyme Alosteric activator | Allosteric inhibitor
Hexokinase ATP
PP | F-6-P (substrote) | ATP (produch.
F a,66PR Citrate (product).
s’ AMP (substrate). |Low pH (product)
%rw/ate Kinose ATP

Biochemistry - v4.0 - Marrow 6.0 - 2022
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Clinical questions 01:12:09

Q. An e|der\5 COPD patient admitted in emergency dept with
loss of consciousness due +o bleeding $rom o. stomach ulcer.
Her resp\roecorkj rate is yapid, cYanosis +, BF lower skin is cold
and clammB. gmergency management started and blood
send for lab investigotion.

why is there loss of consciousness?

Ans. Aerobic oxidation of glucose affected which is the
primary metabolic fuel for brain.

erain connot survive it glucose is not 9oing into oxidative
phase, resulting of loss of consciousness.

Q. The hypoxia. induces the gene transeription ot enzymes of
which metabolic pothway?

AnS: HypoxCInaucea transtrption factor | (HIF D will
increase expression of enzymes of 9lycolysis.

Q. Lack of this pathway results in haemolysis. whg.?
ANS. RBC so\el5 depend on anaerobic pod wc% which i

disrupted will lead ‘co %W%%\ Q@&%ﬁ.

Q. RB&C need ATP 1o maintain ion Sradien’cs in the membrane.
The lack of it results in swelling of R&C and lysis. To maintain
the ion gradient the major source of ATP is which poathway?
Ans. Anaerobic 3\500155'\5.

Q. enzyme defect in glycolysis cause muscle fatique. whg?
Ans. &xercising muscle in hﬁpoxic stote depends on anaerobic
Slﬂcolgs'\& Lock of ATP production results in muscle ?a’dgue.

Q. Heart is susceptible 1o hapox'\a but not skeletal muscle.
whg?

Ans. Heart has very low glycolytic capacity and hence is
susceptible to hﬂpox\a. This when compared to skeletal
muscle that has hish 3\500&'«: capaci’ca and switches over to
anaerobic pathuway for ATP production.

Active space
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APPLIED ASPECTS OF GLYCOLYSIS

e\lﬂcolgsis and cancer :

Warburg hypothesis :
Given by Otto warburg in 1934.
In cancer cells, glucose uptake occurs ot a very high rote

~aand aehrconveegg to lactote. This conversion produces far

less ATP (& ATP per cgcle) as compared to glycolysis (23 ATP).
Inorder to compensate this ATP

de‘?\c‘\encg, cancer cells take up more glucose.

In cancer cells, there is lactate accumulation which
creates an acidic environment.

Lactote needs to be regenerated to glucose through
Sluconeosenes\s, need‘\ng more ATP.

Therefore, cancer cells 9o into hypermetabolic state.

This lead€AG almeey eadheial 101es

metabolic reprogramming :

Normal cells Caoncer cells

Glucose —> e\lﬂceraldethe ) errogrammins :
PO4A —> PepP —> Pgrw/o&e > Glucose —> algceraldehkjde 2
F\cekgl CoA—> COAa + HAO — POA —> PepP — Pgrw/odre =

ATPR Lactate

Pyruvote Kinase is in Pyruvate Kinase (PrMa)
tetrameric state (high Dimeric form (low catalytic
catalytic state) which is state).

pyruvode kinose mi. when gven in the presence of 04,
this enzyme is active, Lactate is produced

pyruvate will go in oxidodive (perobic 3|5colgsis).
pathwows.

Corcer cells derive energy from aerobic 3\500155’\&

Biochemistry * v4.0 - Marrow 6.0 * 2022



Concer cells induce ngoxia Induced Transcr'\phon Factor-|

Concer cells
induces HIF-I

—
Increase ’cromscrip’don Increoses ’transcr'\p’tion

of enxymes of of vascular endothelial
glycolysis arowth factor (vesr)

nng'\osenesis

Glycolysis & radiology 00:10:00

3 Fluorodeoxy glucose (Fde) (F* labelled glucose) is given to
locote the cancer. @marrowedition6notes

Fd& injected into the cell = Fdg pre?—eren’dal\g token inside
’chmugh GLUT transporters = Glucose concentrated inside
cancer cell 10 times —> Labelled glucose undergoes first step
ot glycolysis— Hexokinase step = Phospho%uorodeox5 glu-
cose —> Accumulation in cell—> Decay —> gmits positrons >
Detected with PET scan.

Chemotherapeutic agents (under 4riol) :

Inhibitors of glycolysis used to Kill cancer cells.
* 3 deoxy glucose @De) inhibits glycolytic pathway at the
level of hexokinase.
* Lonidamine.
% bromopﬂruvdte.

Biochemistry « v4.0 -+ Marrow 6.0 + 2022
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metabolic defects in S‘cho‘B“c po&hwaﬂ s

.. Pyruvote kinase de%cienc5 :
* a¥m/c enzyme defect in humans.
* Defective Pyruvate Kinase —> Anaerobic glycolysis
affected = No ATPs —> lon channels not maintained
= Ca® influx + K efSlux = Swelling of ReCs —>
Hemolgs'\s -> Hemo\gﬁc anemio.
* InRBCs, 3,3 BPG increased —> unloading of oxygen
(compenso&org mechanism).

a. Aldolase A defect :
° Hemolgs'\s.

3. muscle PFK (Phosphofructokinase ) defect :
® gxercise intolerance.

Maturity Onset Diabetes of Young (MODY) 00:16:23

slucorina5e BE QLGS EAMF Bs it has tow o8Sinity ans

high ¥m value for substrate glucose.

whenever there is high glucose, it is sensed b5 glucokinase,
where the glucose enters the pancreas ’(hrough SLuUT-3,
gets converted to &b phosphate + ATP. This building up of ATP
enables the release of insulin from beta cells.

In MODY a:

Glucokinase —> Kinetic property altered —> euilding up of ATP
not seen —> Connot secrete insulin even in hﬂperslgcem'\c
stote.
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PYRUVATE DEHYDROGENASE

Fates of pyruvate 00:01:56

ﬂ(‘.e"ljl CoRA
~

Pgmva&e
deh:,drosemse
complex

Pgmva{e
co.rboxglase _——
Oxaloacetore(ar) —— Pyruvake(30) © denyregTses [Lactate

NADH —— NAD+ 7
+CO
ADP—— ATP
Biotin

Alanine amino transferase

PLr—ew

N

Alanine

[

Pyruvate Dehﬁdmseme@gmr,rowedition6notes
* Site : mitochondrio.
* Formed as a result of glycolysis (n cgcop\asm).
* Proton symporter fransports pyruvate $rom cytoplasm to
mitochondrio. b
POH ¢ Mien25m complex :

3 enzi,jmes S coenzﬂmes

* €1 pyruvate dehydrogenase * Thiamine Pyrophosphate Tee).
®* g3 dihﬂdrolip%l {ransaoekglase * CoR

* Lipomide
*£3 dih}jdrolipomide * FAD
dehgdrosenase * NAD'

* This mul’cienZSme complex is similar to other multienzyme
complexes :
.. a-ketoglutarote dehgdrogenase complex : & KDGH
(TCA Cycle).
a. 6ranched—cha'\n keto acid dehijdrogenase complex

Biochemistry « v4.0 - Marrow 6.0 + 2022
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BersdH) (used for BCAR Coatabolism)
* Al require all the S Coenzymes.
* £ and g, are also required for A-KDGH and BCKDH,
* metabolic defect in & or & > PDH, Z-KDGH and BCHOH
will be affected.
. The5 co&alﬂse Oxidotive (‘,arboxﬂla’don

Pyruvate dehydrogenase reaction 00:09:45

I Pyruvate (30D l

POH €l

TPP Hydroxyethyl TPP @o

POH €3

etived tRARItRtion n&@@ lipomide
Dih5dro\ipom‘\de
deh5dr03ena5e £3 F\ce’ojl Con

Reduced lipomide

NADH NAD + H'

Net reaction (oxidotive decarboxﬂla’dor\) :
POH oomplex

Paruvotte / \ > l'-\cetBl—C,oA
NAD+ NADH

aoeds 8AnOY

go.ch NADH proc\uces a.S ATPs and each cijde prodm:% a
NADH as Slucose is o bC compound. total ATP produced sS
ATPs.
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Regulation of pyruvate dehydrogenase 00:15:26

This enzyme is active in well fed state = under influence of
high insulin-glucagon ratio —> Dephosphorylated POH (Active
stote).

Increased ATP : ADP ratio.
Increased NRDH : NRD' rotio POH is inhibited
Increased o«ce’cg\ CoR : CoR rotio

S‘gni?\cance of pYyruvoke deht:jdrogenase :

Irreversible reaction
l. Pgm\m&e ' > Ace’qjl CoRA

a. No enzyme in human bod5 con circumvent this

irreversible enzyme.
Ace’g\ CoA cannot be converted into pSrw/oece.
Ace’njl CoA is never o substrate for 5|uconeosenes‘\s.

Fat and glucose @marrowedition6notes 99:21:26

3. Fat (Tri Acy| &lyceroD cannot be converted +o glucose.
* 3 exceptions :
L ealgcerol. =
ii. Propiony| CoA (Sormed from odd. chain fatty acid).
4. excess carbohydrate is stored as fot in adipose tissue.

excess carbohgdro&e > glucose > Pijruvo&e -> ncek5| CoA

l
( ]

meejae ﬁb‘agacid + &lﬂcerol - Thg >

Stored in ad'\pose tissue.

S. In chronic aleoholics = enerqy depletion (ess ATP
production. ,

* Reduced absorption of thiamine (co-factor) = Less ATP.

* Nudritional deficiency ® complex vitamins low : 8l, 3,
83, BS) —> Less ATP.

Biochemistry - v4.0 « Marrow 6.0 * 2022
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. nce’(5| CoA enters TCA cgcle.

TCA cucle < —>  glucolusis
5 Irreversible route 5 5

(POW

Link reaction.

Clinical significance 00:29:20

metabolic defect (PDH Complex : g1 MC ofSected)
* No production of Acetyl CoR = Increased pyruvote >
Converts to lactate —> Lactic acidosis.
* Al oxidodive pathways cut down —> Brain ofSected
(dependent on oxidative pathway) —> Neurological
manifestotions (psychomotor disability.

Q. A male child presented with profound psychomotor
disability, o metobolic disorder due to less utilisation of
pyruvate, which resutted in accumulation of lactic acid.
* ATP production is stopped. )
*  Which@neyme somplex isatiected ?

Ans : PDH complex.

Q. Excess carbohﬂdm’ce leads to excess fok position.
AnS : All excess carbohﬁdroece are pushed ’chmugh valve like
PDH, irreversible ggaskior

Q. Foec’cg ocid cannot be converted to Slucose.
Ans : Because of irreversible nature of POH, and there is no
enzyme to circumvent the PDH

Q.In chronic aleoholics, there is less ATP production.

Ans : There is energy depletion due to nutrition deficiency,
and the & complex vitamins are required for PDH and
a-ketoglutarate dehgdrosenase.

ooeds 8AOY
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GLYCOGEN METABOLISM

Structure of glycogen ~00:01:13

Branched polymer ot alpha D glucose.
Linear side : I |, 4 9lycosidic linkage.
eranches : A |, 6 linkage.

a\i,jcogen stored in cg’cop\asm as cg’cop\asmic 3ranules, in the
form of & rosettes.

gach alpha rosette = a0-40 8 particles = gach is al nm in
diameter + SS000 residues + 300 non-reducing ends (no free
functional group).

Free functional group present only ok I"glucose residue linked
to polypeptide : Glycogenin (only I reducing end).

Reosons uoh5 Slucose is stored as Slﬂcosen :

* Compoct. .
@marroweditionénotes
. mukiple non—reduc’mg ends Slucose can be released ot
o faster rote).

* Low molarity ot glycogen.

I¥ glucose is stored as it is, high molarity will be seen, which
attracts more water, leading to cell swelling and death.

Classification of glycogen metabolism 100:07:18

&lycogen synthesis :

Process happens in fed state (4-b hours post prandial stote).
&lucose > &lycolysis/glycogen synthesis.

There is high insulin-glucagon ratio.

In a basal metabolic rate, it excess glucose it given, it is
stored os Slﬂcosen.

&Iﬂcogen %nkhes'\s :

Site : Liver (0% by weight), muscle (-3% by weight).
Highest content of glycogen present in Muscle.
Hishest ) b5 tissue we'\sht : Liver.

Biochemistry « v4.0 - Marrow 6.0 + 2022

Active space

()
Leave Feedba



102 Carbohydrates 17

Orsanel\e of 3|5c05en 55n’thesis : %&oplasm

S‘ceps :
&lycogen synthase (rote limiting enzgme).

erar\chmg.

I Sﬂn’chesis of UDP 3|uucose.
®* UuoP Slucose : Active S\ucose donor.
* Nucleotide involved : UTP (Uridine 4riphosphote).

Glucose (q]

ATP > Hexokinase
ADP

Glucose b PO4

PhosPhogluconu’case
Glucose | PO4

“T‘@?narr@wejmm;ya&@scsmo@ase

PP

WV

UDP Slucose

~

a. &lycogen synthase (rate limiting enzyme).
* Primer : &lycogenin (tyrosine residues - polypeptide).
* -8 glycogenin residues added (Without enzyme).
* Synthesis of linear chain 9lycogen.
* No enzyme required for initial addition of chains.

DNA po|5memse ond
Slgcogen an’chase both need primers.

>
2
a &\ngen SBn&hase 00 < glucose
8
¢ P
Cglycogenin] a ), 4 linkage up to 1\
UPD Glucose Lpp  Jucose residues(Linear

additior)
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3. eranching.
* eranching enzyme (alpha 14 L6 glucan transferase).
* Hexasaccharide residue is cut from end and
translocoted 1o another location in the polymer.

(o N7 \'mKage

transferase

Glycogenolysis 00:19:58

Occurs in fasting state (post absorptive state).

In early fasting state (4-1b hours after food) :

Source ot blood glucose * Hepatie gyrogenoysitntes
Hormone : educagon.

Low 'mswin—slucogon rodio.

Stte : Liver, skeletal muscle.

In eytoplasm, lysosomes (-a%), SER plays a role in liver.

S’teps :
. @lycogen phosphorylase (rate limiting en25me) : Needs PLP

Vitamin &6)
. Glycogen phosphorylase
| 33 49,99’@@ VWY

G\\ucosemq P &aa %

3. LePIENCIING eNZyme.
* Aipha 1,4 1,4 glucan transferase § olpha I, glucosidase.

a 1,4 1,4 glucan
——
/Ta3%ronsberase

a4 R A b
Linkage Linkage

Linkage a b 3\umsidaie

Biochemistry + v4.0 - Marrow 6.0 + 2022
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By the action of enzyme alpha. 1,4 1,4 glucon transferose, the
terminal 3 glucose molecules are cut and relocated to non
reducing linear end.

&y the action of enzyme alpha b glucosidase, it cuts the
terminalglucose of the branch from 1,6 linkage and releases it
as free glucose.

2, Conversion of glucose-I-PO4 to Slucose.

In liver :
al PO4
l PhosPhoglucom’case CPam]
q b 904 presen’c in 05&osol ond ’cmnsporked ‘o SeR via Tl

H.o 2 &l phosphate Lebp] present in SeR
P
Slucose (Formed in SER § released into cytosol via TI and T&)

In muscld@marroweditionénotes

@lno4A ,__._>‘5‘“ ' &0PO, T Pgruwafe —3 Lackote

Anaerobic glycolysis (due to absence of
~ Gbp in muscle) ATP is released. Net : 3 ATP
(hexokinase step is bﬂpassed).

The role of glycogen in muscle is to provide ATP for the
muscle itself. In stresstul situation when epinephrine acts,
or during exercise, Slgcogen converts into §IPO, then &LPO,
which undergoes glycolysis

Glucose b phosphatase :
* Glucose-b-phosphatase ac’dvi&ﬂ seen within the smooth
endoplasmic reticulum,
* enters Ser ‘chmugh Tl fransporter and exits into
choplasm {hmugh Ta and T3 transporters.
* dlucose b phosphatase not present in skeletal muscle
and adipose tissue.

Biochemistry - v4.0 «+ Marrow 6.0 - 2022



Requlation of 3\5cogen metabolism :
I. Hormonal resu]o&ion
a. Allosteric regulo&cior\

Hormonal regulation :
Fasting state/stress/exercise :
* Active hormones : Glucagon (liver).
gpinephrine (liver, muscle).
* more S\gcogenolgsis, less Slﬂcogenes'\s.
Glucagon § epinephrine activates & protein coupled receptors
which activeates & orotein = Increased adenylyl cyclase.

T

ATP cAMP

l

cAMP dependem protein Kinase A
|

N7 J
e\lgcosen phosPhorBlase a\acogen s5n’chase
(phosphorylated § @ marroviphosphotiledects
becomes active) becomes inactive)
a\BwSenolﬁsls octive. edﬂcogenes\s inactive.
Fed stote :

* Active hormones : Insulin.

* more Slgcogenesis, less Slgcogenolgsis.

* In fed stote, insulin activates phosphodiesterase
enzyme, which converts cAMP to S’ AMP.

Hormone : Insulin ATP —><—>cAmP | ———) cAmp
dependen’( pro&ein Kinase A

Insulin activates enzg?me phosPhoecase

! 1

algcogen phosphorglase Gdﬂcogen 35nﬂwase
(dephosphorylated § (dephosphorylated §
becomes inactive) becomes active)
G\ngenolgsis inoctive. e\lgcogenesis octive.

Biochemistry « v4.0 - Marrow 6.0 » 2022
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In muscle 00:43:48

. ePinephrine -2 cAMP dependen’r pro&e'm kinose A active.

3. Nerve impulse (stress/exercise) = Calcium released
from sarcoplasmic reticulum —> Increased activity of
caleium calmodulin dependent protein kinase —>
Glycogen phosPhorBIase active = edgcogenolas'\s.

3. &xtreme anoxia (strenuous exercise) —> mMyosin ATPase
release SAMP $rom ATP —> Binds to site in muscle
3|5cogen phosPhorBIase > gnzyme becomes active
without any ach\(e ohosaharulation
S’AMP is allosteric activator of 9lycogen phosphorylase.

Alosteric resudo&ion :

In liver :
Slycogenolysis Glycogen &lycogen synthesis
@rafoyveditionbnotes
) <®_ gepo
Glucose —— 4
=2
e«opoq Glucose | phospho@ce
In muscle :
Gdﬂcogenohjsis &\ScoSen stin’chesis
& G\ﬂcogen
Ca? iy
®
~
L o ®- Sustrate
&0, © - product

4 Glucose | phosPhoece

Glucose in not a product of glycogenolysis in the muscle,
hence it is not an allosteric activotor in muscle.

eoeds eAOY
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Questions :

Q¢ steady state of blood glucose is not maintained, the
person will become hﬂposlgcaemic and experience coma. and
even seizures.

Whiahamne. ol g fellawinasnpintain blood glucose and why 3
A e\lgcosen in heart.

e. G\l\ljcogen in brain.

Ca Gdﬂcogen in muscle.

D, e\\ﬁcogen in liver.

GdBcoSen in the glucose maintains blood 8|ucose for the first
4=l hours of Fasting stote. By lb-18 hours, glycogen stores
ore deple’ced.

Q¥ a glucose load is given to a normal person ,in a basal

metabolic stote large glucose is ingested. what will this

result in?

Ans. excess glucose first undergoes glycolysis, then goes for

glycogen synthesis and then ?a’dg acid synthesis.
@marroweditionénotes
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GLYCOGEN STORAGE DISORDERS

Group of disorders associated with defective metabolism of
glycogen. &lycogen storage disorders (6SD) con be divided
into two :

* Liver gSD.

* muscle gSD.

Liver S0 ¢
Fasting hgpog\gcemia is seen. Liver is responsible for glucose
levels during ear\5 ¥asﬁn3 (4-1hrs). No exercise intolerance.

nMuscle SO :

mmogl5cemn is seen. This is because muscle is not a
source of blood glucose, it only supplies glycogen For
exercises. Hence exercise intolerance is seen.

A rmarroy AditinnGnntonc
\\f’U IMMTATOVVCUITUOUITTUTIOTC O
Liver gSD muscle s
Type la (Von Gierke's | wWith hypertrophic without hypertrophic
disease : most cardiomtjoPo&hB card'\omgoPoed-\B

common &SD)

N

Type b &SD Type Il &SO (Pompe’s | Type V &SD
disease/Danon (meArdie’s disease)
disease)

Type Il 65O Type VIl &SD (Tarul's

(Cori's disease/ disease)

Fob’s disease/Limit

Tﬂpe IV §SD
(ng\opecﬂnosis/

Andersen diseose)

Tgpe VI §SD
(Her’s disease)

Biochemistry * v4.0 - Marrow 6.0 « 2022



Von Gierke's disease 00:05:03

Type la disease also known as Von Gierke's disease.

Biochemical defect :
Glucose-b-Phosphotase enzyme defect. This enzyme is
needed for Slﬂcogeno\ﬂsis in the liver and Sluconeogenes'\s.

Biochemical hallmarks :
* Fasting h}jpog\gcemia.
* Lactic acidosis.
* Ketosis.
= ngeruricem'\a.
. Hﬂper\ip'\dem\a.

In Normal individuals :
Gdacogen

n @) priosprediase6noies

Limit dextrin
(G\Bcogen ¢ short branches)

~

N Debromch'mg

Glucose - | phospho@ce enzyme

l Product
alucose - b phosphoere

v glucose - b phosPha’case
X

Glucose

In podients of von Gierke’s disease, the glucose-b-
phosphotase enzyme is deficient. Therefore 1o produce
glucose, the body shifts to gluconeogenesis
(non-carbohydrate substrures w yer guauses baragain fails
fo produce and release glucose because of the
glucose--phosphatase enzyme de%c\encﬂ.

Therefore, gluconeogenesis also fails and the potient ends up

with $as’(‘m8 h5908\5ce:nia,

Biochemistry * v4.0 + Marrow 6.0 + 2022
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&bPO

4

HMP

Penjéoses

purine 1 1

Increased uric acid
excess G-b-P04 now enters HMP podchwaﬂ to form

purines and cause hﬂperuricem'\a.

GbPO,can also form pyruvate and then Acetyl Coh.

Acetyl CoA can then be used in TCA cycle (but fails to do
so becouse of depleted oxaloacetate) or for ketone body
an’dnes‘\s ond results in ketosis.

Acetyl CoR can also be used for the synthesis of $oec{5
acids, resulting in excess triacylglycerol and eventually

htjperlipidemia.
s e ’1

@ marrowegjuonwte&e

Qw{ﬂ‘ SO g Loctate
J
R M Lactic
TCA P
o Acidosis
bod5 an’ches'\s
Faﬁg ocid sgn’chesis
l
ijperhpi domio. ¢ Increased &ri3\5ceride
55n’chesis
Clinical $eatures of von Gierke's disease :

I C,hubbﬁ cheeks
a. Thin extremities.
3, Pro{mdms abdomen.

. Hepo&omegal&

b. Renomeqoly (due fo increased fat deposition).

doll like facies.

¢. No sp\enomegalﬂ.
4, Hﬂpoglgcem\a.
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\rwes’dso&'\on :

l. Increased lactote.
Increased uric acid,
Increased retone bodies.
Decreased blood glucose.

Increased triacylglycerol.

- B

v Gducagon chad\enge

Type Ib &3S0 :
Involves all features of hjpe la. &SD + Neutropenia is also
seen, resulting in recurrent bacterial infections.

Type III GSD 00:16:22

1

Also called as limit dexdrinosis or Forbe’s disease or Cori's
disease. Here the debranching enzyme is deficient and
hence, limit dextrin accumulates in the liver. This results in
deposition of abnormal glycogen in liver.

@marroweditionénotes

G\googenW) TLimit dex{rinmns—)(a I-4)_linear
prosphoryjase enayme polgmer of glucose
C-Algcogen
R phosPhorglase
Clinical features of Type I :
l. Fas’dns hﬁpoglgcem\a‘

a. Pro’crud’mg abdomen :
o. Hepatomegaly (+++).
b. Splenomegaly (.
¢. No renomesodg.
3. Micronodular liver cirrhosis : Reversible after puberty.

\nves’c'\ga’don :
l. No increase in Lactate and uric ocid
a. retosis.
3. Liver enzymes are elevoted,
4. IV glucagon challenge can be done.

Biochemistry * v4.0 » Marrow 6.0 + 2022
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Type IV GSD 00:20:29
Also known as Andersen disease or amglopechnos\s.
Biochemical defect :
C-xlgcogenm(ubp goosn > g‘\f:oo; ; An P 7 Glycogen
polgmer enzyme
There is de%cienqj of branching enzyme in type IV 65D and
abnormal glycogen (amylopectin like glycogen) accumulates.
Clinical feoatures :
This is a fotal condition :
e ngoglﬁcemia.
* Ketosis.
* Progressive micronodular liver cirrhosis which can
cause :
l. Portal hgperkens'\on.
a. esophageod varices.
2 LivesialBweditionenotes
4, Deoth within S years.
Diagnos'\s :
. 65 bﬂpoglgcem\a ond ketosis. Note that in Jcgpe IV 63D,
there is no lactate acidosis or uric acid increase.
* Increased elevation of liver enzymes (ransaminase).
* Abnormal Slgcogen which is amtjloPecﬁn can be viewed
on electron microscope.
Tﬂpe VI GSD:
Also known as Her's disease. The defect is in hepatic glycogen
phosphorglase which converts Slﬁcosen to limit dextrin. But
gluconeogenesis is intact. Therefore, h5p03\5¢emia is seen
g but not severe.
£
® alycogen » < > Limit dextrin
Qlycogen
phosphorylase

Biochemistry - v4.0 - Marrow 6.0 « 2022
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Muscle Glycogen Storage Disorder ~ 00:26:48
with hﬂper‘croph'\c without hgper’(rophic
cardiom\\joPa’chﬂ card‘\omzjoPa’chg
Tgpe I\ SO Tﬂpe VvV @5D
Danon disease (defect Type VIl &SD
) |3sosomod associoted
membrane protein-a)

TﬂPe N GSD:

Also called as Pompe’s disease.

Lysosomal storage disorder. Glycogen metabolism is offected
in the l5sosome.

a 14 1o glucosidase (acid maltase) is afSected.

Clinical $eatures :

* Feeding ditSiculties.

* Foilure tothrive.  @marrowedition6notes

* Hypotonio. (foppy infants).

- H'jperf'(ophic card'\omgopo.’chﬂ cousing card'\omegch and

death (around a years due to cardiac failure).

\nves’cgaﬁons :

* X-Roy to view cardiomegalg.

* glevoted serum creatinine Kinase.

* tlevated serum AST.

* glevated serum LOH.

Tﬁpe VGsD:
Also known as McArdle’s disease. Defect in the enzyme
muscle Slﬂcogen phosPhorglase.

Clinical feotures :
* gxercise intolerance.
* Second wind phenomenon : Pain during exercise
subsides with rest and then continue with exercise
after sometime.

Active space
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. Qhabdom50|53i5=
I m503lobinuria.
a. eurgundl.j colored urine.

Tﬁpe VIl QSO ¢

Also called as Tarui disease. The defect is seen in muscle §
erg’chrocij&e PHA-L.

mMuscle : exercise intolerance, mgoglob\nuria, no second wind
phenomenon.

Erg’chrocg’ce : Hemolgs‘\s.

most common muscle 8\3(:0330 s’corage disorder in adolescents
: T\tjpe V §SD.

T5pe [oXS S\
Defect in Slgcogen SBnkhase. These patients die ot very
young age as glgcogen is not sﬂn’chesized.

Recently @ﬁ% Wﬂ Storage disorders

Fanconi ickel sSndrome ' GLUT-4a defect.
Couses proximod renal tubular acidosis and '\mpajred 3|ucose

utilization.
Liver &S0 with mﬂopa’thg : Type W and Type V.

Liver 65D with neuro\ogical manifestation : Andersens disease
(the brain and anterior horn cells are ofSected).

Identifying GSD 00:37:20

¢ ¥as’cin3 hgpoglgcem'\a is present then : Liver &SD.
I§ exercise intolerance is present : Muscle &SD.

Fas’dng hgpoglgcemiaé Liver @SD —> Abnormal 3\5003en
present —> Type W 5V §SD.

Fasting hgpoglgcem'\a —> Liver §SD —> Abnormal Slgcogen
absent = Type | g VI §SD.

eoeds eAndYy
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gxercise Intolerance > muscle §SO > Second wind
phenomenon present —> T ype v &SD.
exercise Intolerance = Muscle SO > Second wind
phenomenon absent = T ype VI &SD.
gxercise intolerance —> Hﬁper’croph'\c card‘somﬂopa’chg > Type
I\ §SD.
I a patient presents with hypoglycemia. and ketosis, the
diagnosis can be between type 1 .
IV glucagon challenge is used to ditterentiate.
IV glucagon is given duuring a states :

* well fed stote.

* Overnight fast.
In Von Gierke’s disease, since &-b phosphatase (which is
required for release of glucose) is absent, there is no
increase in blood glucose in both the states.

In Cory’s disease, some amount of glucose synthesis occurs
Via. production of glucose-I-phoshphate b5 9ycoyer

phosPhorBlase. This odong ith éiﬁ% W% @I%%) s%no es

increase in S\ucose in well stote. This is not seen in
ovemigh’c $as’dn5 os the efSective 5|5cogeno|5$‘\s does not
produce en0u5h Slucose to couse a surge in levels.

asd wellfed stote Overnight Fast
von Gierkes No increase in blood | No increase in blood
Slucose Slucose
00r5’s Increase in blood No increase in blood
Sluu:ose Slucose
Type of &SD Defect in
Tgpe 0 aSD edacogen sijn&m.c,e
Tﬂpe 1 §SD Glucose b phosPho.’case
Tﬁpe \ §SD Acid maltose
T ype W &SD Debmnch‘mg enzyme g
Type IV &SD eranching enzeyme é?
TijPe V 65D muscle phosphorglase <
T}jpe VI §SD Hepahc phosPMr5lase
Type VIl &5D Phospho?ructohinase
Fonconi eckel S\indrome Glucose transporter a

Biochemistry + v4.0 « Marrow 6.0 + 2022
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GLUCONEOGENESIS

Concept of gluconeogenesis 00:01:46

In difterent stages of fasting, the body gets glucose by
- s (Barly fasting) : @lycogenolysis (hepotic).
In 16 %0 18 hrs : Al glycogen will be depleted.
le-48 hrs (Fasting) : Gluconeogenesis.
Supplier of ATP for gluconeogenesis : Fatty acid oxidation (by
B oxidokior.

Definition of gluconeogenesis :
* The process by which glucose is synthesized $rom non
carbohgdro&ce Substrotes.
. Mon—carbohﬂdra’ce Substrates :
. Glucogenic amino acids : Alanine is the princi\ple
gluconeogenic amino acid,
Alactake) ‘
3. &lycerol part of fot.
4. Propionyl coA : From odd. chain ¥a’c{3 ocid oxidation.
. Mo’(e\ : Acety| cof is never o substrate for gluconeogenesis.

Site : Liver (majorly) § vidney,
Organel\e : cﬂ%oplasm § mMitochondria, Smooth endoplasmic
reticulum (58R) also has a role. '

. Coris cycle / &lucose Lactote cycle :
* Organs involved : Skeletal muscle, Liver, R&C.
* it prevents lactic acidosis inside the muscle.
* In RECs, lactate is the end product of glycolysis.
* i happens when muscles are involved in exercise.

eoeds eApoYy
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f Skeletal Liver
Glucose \ muscle Glucose
Pyruvote Pyruvote
Lacio&e Loctote

|

R&C
Lactote

a. Cahil %m/ &lucose Alanine cycle :
* Itis involved in the ‘s’cages of $as’dn5’.

d Liver
Slucose ckeletol Glucose
muscle o
J @marroweditionénotes
Pﬂru\/o@te Pgru\/o&e
Transamination T
Alanine '
2. us'mS &l}jcerol :
TRG
Fokt (/ Hormone
ac-.a'j sensitive lipase
a\5cero\
a\5cerol Kinase gmp
ADP
&lacero\—a—-PhosP\'\a’ce—>8ﬂ’f€fS
G\Bce(d 2p , a|uconeogenesis
Dehgdrosenase

OHAP : DihgdroxB Acetone Phosphodce.

Biochemistry * v4.0 « Marrow 6.0 + 2022
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4, us'ms Propiongl CoA:

Pr0pion5| CoA
chrboxﬁlase

Propion5l CoRA > D-me{hgl modonal CoA
3C /Ch AC 4

Rocemace

&
Succinyl CoA < - L-methyl malonyl CoA
AC dhad* | 4C
modon3| CoR
mMutose

Oxyloacetote onr) ——>@luconeogenesis

* In case of Vitamin Bla deficiencts : There.ic accumulodion

of serum methylmolonic acid,
Key enzymes of gluconeogenesis 00:16:15
. Pyruvate Kinase : To convert pyruvate back o PEP & enzymes
Pep~> ripRagrowe AFABRY e required

I PBruVodce carboxglase.
W a. Malate aspartate shunt.

3. Per carbox5 Kinase.

@ N Pﬂru\la’ce

sarbodisse Th\sskep’mhesp\acein

Pyruvote Oxaloacetote  mitochondria and OAR is
3C +CO, 4C produced there § cannot
+ .
ATP giotin ADP eross into cytoplasm.

st requlotary step” : (mitochondrioD)

@ malote asportate shuttie : To transport OAR across mitochondrial membrane.

Pyruvote
carboxylase

Pl.jrwake > ORR

s G

nsparto&e moda’ce

l Transpor&er

A4
nsparmte mMalote

mMdH (Malate
S Dehgdrosemse)

Biochemistry « v4.0 - Marrow 6.0 « 2022
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Pepr. carbox5 Kinase

(PerPcr) This step involves
?ﬂn)—-‘—> PhosPhoeno| Pgru\lo&e decarboxg\a’don followed
G (GZO N lodi
Co, €'V Yy phosphorylation.
aTP aoP

3. PPA-1: Fruttose & Phosphate ——— >+ Tcbr

Fr.oP \/ Fr. 1o Bisphosphatase
Fructose |, enzyme is required
Bisphosphotase
Fr. |, b 6P — ok SFY. 6P ol veyersol
‘Requlatory Step”
HO P Fr. 3, b 8P Is an allosteric
a \

Inhibitor of Fr. 1,6 &P

) Hexokinase
3. Hexokinase : glucose ——— S Glw b PO,

\/ e“ucose'-lo-
glucose b- phosPhafase

hosphatase ; ;
&l b PO preep -5 glucose is required for
. /\ reversal
H.O P|

Summary of gluconeO@ﬂj% Bﬁﬂ&ﬁﬁ 5not 00:27:53

fSLACC\N‘/L CoRA ¢—<— Prop'\ongl CoRA
. Pep

P CKH
ax Lactote ——> Pgruvdre ~—> OAR > Pep >a PG

I gTP
TP X3 4

3 Pg
ATP
l, 3 BPG Kinase
ADP
a Lactate —> | Glucose
6 ATP g 0ke
used NADH

> g- 3-P
Dehudroaenase
g1 4= | PO

X gLY-3- . = DOHAP
HO Pi HO Pi
a a

Glucerol
\J \_/ :
elucose <L 6L - b-P «——Fr- 6 - P Fr. Lo 8P

Regulation of gluconeogenesis 00:33:32

Hormonaol regudo&ion :

Biochemistry « v4.0 «+ Marrow 6.0 + 2022
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* Active in low insulin Slucagon rotio : gnzymes are in
phosphorylated state (active).
Allosteric regula’don '
* Acetol CoA : allosteric activator of IS*\ requlatory step of
gluconeogenesis (Pyruvate carboxylase).
* Fructose 3,k bisphosphate : allosteric inhibitor of Fructose

o bisphosphatase.
Applied aspect of gluconeogenesis 00:36:03
Row eqq——> Avidin
l Row eqq is inhibiting
© siotin gluconeogenesis b5
Avidin as it inhibits
Sl Biotin required steps.

@
I Pﬂruvo@ce ——>O0PR
ruvote
carboxalase
a. e Prop'\on5\ CoA C,arbox5lase

As a result, | | Gluconeoqenesis
marroweditionénotes

Question | : Biguanides are used as orol h5p03|5cem1c agent .A
theoretical concern about this dru3 is lactic acidosis. wWhat is
the reason for this concern?
Answer
* Wis because Biguanides inhibit PYyruvate carbox5lase 5
decrease gluconeogenesis.
ik pyruvate is not gqnver’ced to oxoloacetate, it may
convert into lattoxe.
* when there is no OAR, TCA cycle is also inhibited,

Question 4 : A chronic aleoholic brOuSh‘l’ to caswd’cg, as he was
drinKipS heavily for the past | week and he had not eaten
ony $ood for past 3 days. He was confused and was sweoding
pro?uselg. He developed seizure in the casualty. His blood
glucose drawn just before seieure was 30 mg/dl and blood
ethanol was very high. whot are the metabolic changes in him
which resulted in hypoglycemia?

Answer :

Biochemistry « v4.0 - Mamrow 6.0 + 2022



19 Gluconeogenesi
Leave Feedba

Aleohol F\ce*alde!'\gde

Dehydrogenase Dehydrogenase
Alcohol —7—?) Acetaldehyde 7§—) Acetate
NAD+  NADH NAD+  NADH
mitochondria.
NADH  NAD'
0 ~———— [0An . —— 1
!
hd Malote \no | This wil not
ParuVa’ce———>onn /! (Dep\ehon K take ploce
of 0AR) due to
onAR SNADH increased
NAOH o o

B
Lactate | (excess lactate
production)

As aresult : | Gluconogenesis

Question 3 : A potient with acute exacerbotion of chronic
bronchial asthma treated with hish dose \vV me’c'nﬂl prednisolone.
Oon d‘\scharse she was d\scharged b5 suo'rtch'ms over to oral
prednisolone. After S doys she presented with polyuria,

polydpsis, end muscle g, SHATERIRCLS obove

clinical hts‘cor5 blochem‘cal\5
Answer :
Glucocorticoids Act on mMuscles
Zotal s
\
Releases
1 Production of enzumes ) ‘ .
Lor Slumsene?s G\lwcoSen\c aminoacid
Acts ai%ubs’«oece for
Sluconeogenesis

RS a result : Increased e\luconeogenesis leading to
development of given sBmptoms

Active space
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MINOR METABOLIC PATHWAYS

Galactose metabolism \ 00:02:20

Source : Lactose, milk Sugawr.

Function : Convert to Glucose and Used in synthesis o¥
lactose, algcosaminoglgcans.

Site : Liver (Major), erythrocytes, Fibroblasts.

- . "
Sameg Hlelumose b Phospho.te.l—-) P&l\.‘a;_ &AG, Slycolipids,

A4
@marrsresdition6notes

Galactosemia ‘ 00:07:36

Classic e_lalo.c’cosem‘\a. Non-Classic Galactosemio.

GALT de%cienca. Galactokinase de“ciencg * Only Clinicol
feoture: Cotaroct.

UDP Hexose epimerase c\e%c‘»enoﬁ : Clinical
feoture: varies.

Biochemical Defect :
Golactose. |—>| Galoctose | e. I @ALT Absent : Galactose | Phosp\'n’(e
l g phosphot E osp

accumulates (Toxic
Inorganic Phosphates are trapped.

a

| alucose | Phosphate.

‘3 Inhibit &ycogen phosphorylase. Inhibit en25mes of gluconeogenesis.
| |
@ Fashns ngosigcemo.
Clinical features :
Age of onset : “First a weeks of lite” — Breast milk (Galactose
presend.
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Feeding difficulties, Vvomiting, Jaundice, Failure to regain birth
weight

Hepotomeqaly, Liver failure, mental retardation.
“0il drop Cotaract”.

Neonatal Sepsis due to e.coli bacterio.

Lob diagnos'\s :
* Urine : Reducing substance positive (penedict’s test) (Non
specifio).

*  glucose oxidose test : Negative.

*  Mmucic Acid test : white precipitate (Specific).
* enzyme studies.

* genetic mutation studies.

Treatment :
Galactose | Galactose.
Restrict Lactose : Till 4 years of age = phosphate pyro-
sphory|
c/\ Sor ereast ¥eedm8. ﬁwmd? i

Selactokinase and epimefes AARSIHERIASAERDEES
conditions manifests as Cataroct only,

Fructose metabolism f S w1629

source : Die’carij suerose,
Dietary $ree fructose : Honey and fruits,
Pol50| Podhw% : glucose —> Fructose.

Site : Liver.
Aldolase A — muscle
FrudoK nase. ! m
_ 225 [ Fructose 1 Phosphate. |
A, 3
Fmdmm_ 4@{? hereditary fructose
@e?‘ intolerance

’ elacemldehgde. ] l Dihgdro acetone p\ﬁosphafe. ]
) aTe §
Yo ANDPOP a
Y [}
N :

[ G\hjcemldethe 3 Phosphate. I

&cholgss.

r Pgruw:\ie J
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Heredi&arB Fructose Intolerance :

De%ciencﬂ of Aldolase & = Fructose | Phosphate Accurmnulation
—> Toxic.

Similar 1o Galactosemio.

Traps inorganic Phosphates = Inhibits 5|gcoaen
Phosphorylase and enzymes of Gluconeogenesis —> Fasting

ngoslﬂcem'\a.

¢/F : Similar to galactosemia except,

Age of onset : Around & months (age of supplementary
feeding).

Feeding ditficulties, vomiting, Jaundice, Failure to regain birth
weight.

Hepatomegaly, Liver failure, mental retardotion.

No Cataract.

Lob diagnosis

*  Benedict’s test : Positive.

* Test forrhefosesafositivesnotes
Ropid Furfural test : Positive.
Seliwono®ys test : Positive.

*  glucose oxidose test : Megoedve.

*  enzyme studies.

*  mutation studies.

Treotment:
Restrict Suerose.

Essential Fructosuria 00:26:29

Deficiency of fructokinase.
Benign Condition.
Fructose has no renal threshold = Fructose excreted in
urine.
Fructose is harmful because :
* Fructokinase is not dependent on insulin and converts to

eoeds eANOY

fructose-I-phosphote.
. T'\Sh’dg regulo&ed step ot Slgcolﬂs'\s ! PFK 1is not seen in
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Fructose metabolism.
° Easi|5 convert P5mvd<e - Ace’cgl CO B =¥ Fo&’c}j ocid >
TAG —> VLOL § LDL.

pets Increased Fructose and High fructose Syrups.
Ropid Gt\l;jcolgsis.
&ndoger;;)us TRG.
VoL
Hexose Monophosphate Pathway 00:30:59

Other Names : Pentose Phosphate Pathiow, Dickens Horecker
pathway, Phosphogluconate pathway.

Sites # Cu foplasn. @marroweditionénotes

Phases : Oxidative is Irreversible § Nonoxidative is Reversible.

Do not produce ATF.
€O, is produced,
Oxidative phase : Irreversible.
alucose-G-phosphate (00
NADP’ &lucose-b-phosphate
dehﬂdrosenase

WADPH (rate~limiting step)

b—pbos\;)hogluconate

NADP' > (O_Phosphogluzona’ce
NAGPH dehgdrosenase
G

WV
Ribulose-s-phosphate (50

Active space

Biochemical Sign'\?xcomce :
I. Generation of NADPH.
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Functions of NADPH :
I. Free radical scaveng'\ng : \mpor’cant in RBC and Lens.

HO

a”a > aH0
kaaﬂ'\bne\
E:eégs(‘sdase (R& s -

AGSH 6§5-56

Glutathione (Oxidized)
ductase (GR)

HMP Oxidotive

NADP+ NADPH ¢« Phase

3. Keep iron in reduced stote in Hb (Fe®) (Prevent
me&wemoglob‘memioo.

3, Reductive eiosgnthesis of ¥a’c{5 acids and steroid hormones.

Organs of HMP Shunt  Liver, Adipose tissue, Adrenal cortex,
Gonads.

Non-Oxidative phase 00:39:08
Produce pentosesyedition6note
Al skeps are reversible. '
Biochemical signi%cance :
Organs * Rapid cell furn over like Bone marrow,
Intestine, SKin.
Ribulose S Po‘ Ribulose S PoA Ribulose S Po‘
presze) et porerss]) =
retotsomerase
XBlose S Po‘ Ribose S Po‘ x5iulose S Po4
(s0) (se) (s0)

s e
\L 1mg*)

Glyceraldehude Sedoheptulose
% Po, ( 1Po, (1)
J |
Fructose & Po, (bc) erythrose 4 PO, (40) xyulose S Po,
Nmm
J; (Require i i
e\lgcemldeh de g ) Fructose b Po4
3 Po4 (3¢ (oo
/ d
Glucose b Po, 1/a &lucose 6 Po, &lucose G Po,
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Clinical significance :

. GbPD De%ciencB.
* m/c enzyme deficiency in Humans.
* X linked recessive disorder.
* Only males are aftected.

Agoravating factors :
* Fava bean ingestion : Favism.
* Orugs : Sulfa drugs, Primaquire.
* Prevolent in Mediterranean and middle east regions
(Due to prevalence of Plasmodium Falciparur.

c/F:

Decreased PO —> Decreased NADPH —> Free radical
scavenging —> R&C membrane in’cegri’ca lost = Hemolg,s'\s =
© Hemolytic anemia. () Jaundice.

NADPH required to Keep iron in Fe®" state. In NADPH defecient
stote it gets converted to Fe* = methemoglobinemia.

@marroweditionénotes
Uronic Acid pathway © 00:52:54

Oxidative pathuway of glucose.

Site : Liver. '

Organel\e : cﬂfoplasm.

Functions : o) Produces Uronic acid:
* Conjugotion of Bilirubin (&lucuronic acid).
* Synthesis of GAG and Proteoglycans.

b) Produce pentoses.

® Ascorbic acid : can't be synthesized in humans and higher
primates (Gluconolactone oxidase).

gssential Pentosuria .

6en'\3n.

L - x5\udose is excreted in urine.

enzyme: Xylitol dehydrogenase / xyulose reductase.
@enedict’s test : Positive.

Test for pentoses : Positive.
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Polyol Pathway 00:56:53
To convert glucose > Fructose.
Aldolase reductase ., ., Sorbitol déhydrogenasease

lucose. > >

q| = Sorbitol s Fructose.
NADPH'  NADP' NADP | NADH
Lens, Nerves and H‘xdne}js Liver, Ovary and Seminal Vesicles
ncﬁVo&B of Sorbitol Glucose ~> Fructose.

dehgdrogenase is less.

&lucose 2 Sorbitol (In case of
accumulation of Glucose).

Q. Why Cotaract in Galactosemia and om?

aLuT |
&LUT |  Independent of insulin , present in Lens.

excess glucose = To lens (Aldolase reductase present here)

—> Aldose reductose Activated —> glucose converted to

Sorbitol and Galactose converted 1o Galactitol or Duleitol.
@marroweditionénotes

Both Sorbitol and Galactitol are osmohcod\5 active and

oftrocts HO = Cotoroct.

Clinical questions :

Q. A person had a road traffic accident,his legs were bady
injured . Later it got infected .Pus culture revealed methicillin
resistant S aureus . A comination of Trimethoprim and
Sulfamethoxazole was skarted.-On the. third day of theropy
she developed joundice and the Hb level fall down to 49/

dl. Suspected an apparent acute hemolysis on exposure to
infection and sulfa. drugs?

. which enzyme defect might have asgra\/o&ed the ottack of
hemo\g’dc\jaund'\ce and anaemia in this patient.
a. Substantiote the reason for hemolysis.
AnS : D 66PD deficiency,
a) §bPD and NADPH deficiency,
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Q. A patient with recen’t|3 diagr\osed Diabetes mellitus started
to avoid cane sugar from her diet But she continued to
consume lots of fruits which resulted in poor diabetic control.
I. Which sugar is responsible for the poor diabetic control?
a. Whot is the reason ?

ANS : H‘\Sh fructose may lead to hﬂper’criglgoeridemia due to
increased 8\50,0\55'\5.

Q. A neonate soon after birth started vomring, joundice
and distended abdomen. The consultant poediadricion
noticed that her liver is en\arsed, Sooner an oP\—rthalmo|035
consultation advised. Certain \aboro&or5 investigotions done.

. What is the probable diagnosis?

3. Which enzyme deficiency is suspected?

3. What are the investigations done?

Ans : ) Galactosemio.

&) Galactose-I-phosghade wridybiransteraseics
3) Mugic acid test (Specific) and urine reducing sugars.
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CHEMISTRY OF LIPIDS

Definition and classification of lipids 00:00:52

Definition : Heterogeneous arauaHah compands drkich pre
insoluble in woater but are soluble in non-polar solvents.
Lipids are related to each other more phﬂs\cod\g thon
chemicod\ﬂ.
Bloor’s classification of lipids :
Simple lipids : ester of aleohol (glyceroD + acid (Fatty acid).
£.9. Fads, oils, waxes.
Compound lipids : gster of alechol + acid + other component.
.9, Phospholipids, lipoproteins, glgcolipids
Derived lipids : Derived from simple or compound lipids.
.9 &lycerol, fatty acid,
miscellaneous : Steroid hormones, fat soluble vitamins.
Neutral $ot : Triacylglycerol (TA& is a. simple lipid,
@marroweditionénotes

'O Faﬂg ocid residue

Alcohol

Fatty acids 00:06:52

General formula : R — COOH.
R represents o hﬂdrophobic hijdrocarbon chain.
Classification of 320&{5 acids '
Based on number of carbon atoms :
I Short chain fatty acid (SCFR): ¢~ C,

ededs eAndy
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3. Medium chain fatty acid (MCFA) : ¢, — C,

3. Long chain $QH5 acid (LCFA) & > C.

4. Very long chain fatty acid VLCFR: > ¢, .

Based on the presence of double bond

l. Soturated $aﬂ5 acid : No double bonds.

a. unsaturoted ‘}o&tﬂ acid : ifd6e3eenaBpesiiede
mMUFA (Monounsaturated FA) : | double bond.
PUFA (Polyunsaturated FA) : 7 | double bond,

Saturoted ¥o.’ct5 ocids ¢
Spr-\ source

Acetic acid Vinegar

Propionic acid (3C)

utyric acid (40

voleric acid (SC) Beeer

Capric acid (0C)
MCFA

oo G

mBrI;:co:i,\icia(ll?c,) Coconut oil (richest)
LCFA N

Polmitic ogid (be)  @MITOWEdItioNnonotes

Stearic acid (8C) Bl

unsaturoted X’vaﬁ}j oacids
MUFA ' Source
;al:i&olic ol mustard o‘\\/Srapeseed
az;d,:c;c o oil (richest source)
\

PUFA

Linoleic acid (8 C: & SafSlower oil (richest)

double bonds)

&LA : Y linolenic acid (8:3) | Oil of evening primrose

. linolenic acid (8:3) Flaxseed oil (richest)
Arachidonic acid (30:4) Animol Sot
| Timnodonic acid (30:S)
EPA : Eicosapentaenoic
ocid Fish oils, algal oils,
cervonic acid (33:) breast milk
DHA : Docosahexaenoic
ocid

Biochemistry + v4.0 + Marrow 6.0 + 2022
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Highest concentrodion of PUFA is present in saftlower oil.
* a™ highest is in sunSlower oil.
* Least concentration : Coconut oil.
gssential $odd5 acids : Cannot be 55nm§56d in the body,
* Linoleic acid.
* O Linolenic acid,
Semi essential %LHB ocid : Con be sgn’chesised $rom essential
ocids.
* Arachidonic acid ( from linoleic acid).
* y Linolenic acid (from licleic acid).

Omega (w) classification of fatty agids 00:17:42

Carbon otoms are numbered from the terminal methyl group.
The %ect& acid is classified based on the position of the I
double bond $rom terminal me’chg\ group.
example : @, ?—a’t’cg acid :
w | a 3 4 S b i 8
= —CH=CH - CH o CH — COOH
Qmaf’roweadltlo%notes s 4 |

Anumber'\ng system : Numbering starts $rom functional group.

, ¥o€c~t5 acid O} X’»aﬂ5 ocid
nlpha linolenic acid aLA
Timnodonic acid Linoleic acid
Cervonic acid Arachidonic acid (30 ©)

w, $aﬂ5 acids is more harmtul than , ?-od“hj acids
* Arachidonic acid is a source of eicosanocids
(prostaglandins, leukotrienes).
* These in%\amma’corB mediotors increase cardiovascular
risk § degenerative disorders.

S'\Sn'\?\cance of W, $af{5 acids
Decreased cardiovascular risk.
Decreased plotelet agsrega’dor\
Decreased inflammadion.
Infant development (DHA for brain development).
Decreased chance of mental iliness.
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Decreased chance of degenero&ive disorders.
(rheumatoid arthritis, alzheimer’s).

Docosahexaenoic acid :
DHA is an @, ¥o&’c5 acid.
Source : Breast milk, algal oils, fish oils.
uses :
* Infant and foetal brain development.
* Retinal development.
Low DHA is associated with retinitis pigmen’cosa_
Transplacental transport is possible for DHA. S0, taking DHA
tablets during pregnancy may be beneficial.

Cis and trans fatty acids 00:26:38

Faﬁg ocids with a. double bond exists in & isomeric forms.
* Cis form : The structure has o bend (o.ngle :180%.
It increoses Q\u\d’n’t& ot plasma. membrane.

* Trons form : The styeture s shroight (@rtended

Sources of trans &‘»aedﬂ acids :
Vanaspadi is the richest source. _
Partially hydrogenated fot (margarine, dalda, Vanaspadi,
cake butter) used in bakery products o improve shelf life.
Deep ¥r5in3 e.q french fries.
Reheating o} vegetable oil.

Heak converts cis form to harmul trans form.

Daily allowance of trans fatty acids : a1 9/day;,

Disadvantages of trans $aﬂ5 ocids

*  essential fotty acid de%ciencg.

* Lipid fractions : Increased TAG § LDL, decreased HOL.

* Increased cardiovasculor risk,

* Increased inflammoatory response.

*  Cowses insulin resistance.

Coconut oil can be better than sunflower oil as :

*  Coconut oil is saturated FA, trans—isomerism occurs in UFA.
* MCFA is directly absorbed from portal vein.

Active space
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SPHINGOLIPIDOSES -

Phospholipids 00:00:42

Phospholipids are compound lipids that consist of :

l. Fa’c-kﬂ acid.

3. Alecohol.

3. Phosphoric acid.

4. Base * Nitrogen containing and non-nitrogen containing,

General structure of phospholipid :

6\|5cero|

—— l——> gster linkage
Q07078 [ wydrophobic tail consists of fatty acid
CH-0-CO-R,

CH. - 0 - PO, Nitrogenous/non
ni’crosenOus base

@marroweditionénotes

Classification of phospholipids :

| \X
algcer ophop’nolipid SphiﬂSOPhOSPhOhP'\d
(&lycerol is the backbone) (sphingosine is the backbone)
‘ Sphingomyelin
\A J
Nitrogen containing Non nitrogen containing
Lecithin Phosphatidyl glycerol
Cephiali Diphosphatidy glucerol
Frospreticy)iisevine Phosphatidy inositol
Phosi:hatidic acid, lecithin, cephalin 00:03:30
Phosphatidic acid : ,
Simplest Slgcerophospholipid.

alycerol + a fatty acid residues (diacy| glyceroD + PO,. |
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No ni’«ogenOus base :

0
cn-0-"t- R,
g, i
Al glycerophopholipids are derived from phosphatidic acid,
Diacgl glycerol + PO, + nitrogenous base = Lecithin

(phosphotidy| choline).
Significance
most abdundant phospholipid in cell membrane.
mMajor constituent of lung surfactont.
Store house of choline.

Cephalin :
Phosphatidic acid + Nitrogenous base = Cephalin
(etnanoleanine), e di(phosphatids)
ethanoclamine).

Signi%cance : plood coagulation.

Cardiolipin, phosphatidyl serine & phosphatidyl
inositol 00:08:06

Cardiolipin : Diphosphatidy| glycerol (phosphatidic acid +
&lycerol + phosphotidic ocid).
Significance
Isolated first from cardioc muscle, hence the name.
Present in the inner mitochondrial membrane.
Only antigenic phospholipid.

Disorders associated with defect in cardiolipin are
. Cardioskeletol myopathy Barth syndrome).
a. nge'\ng.

Active space

3, Hapo’chﬂroidism
4, Heart failure.
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PhosPhatid5| serine :
Phosphatidic acid + Nitrogenous base (serine). /
S'\Sn'\%cance : mediotor of programmed cell death/ apop’cos'\s.

Phospha’c'\dgl inositol :
Significance :
Cell signal\ins.
mediator of second messengers in hormonal pathways.

Sphingomyelin 00:11:26

On\g phosPholip'\d with sPhingos‘me as backbone.
AmMino alecohol.
Derived from serine.

Sphingos'\ne :
o)

|
@marrowedNTbﬁélcnotes

Fa’c’ca ocid - *C - OH
sphingosine * Fo@dg Acid + PO, + Mi&;rogenws base.
Ceramide : Sph’msosine 2 Fo@c’cg Acid.
sphinsomgelin : sPhingos'\ne +a FaH5 Acid + PO4 + Choline.
Sisn'\?\cance :
I. Outer membrane of plasma. membrane.

a. Specialised structures in plasma membrane : Lipid rofts.
3, m5elin sheoth of nervous tissue.

Glycolipids 00:15:23

eoeds 8AOY

C;omptex I\pid thot contain carbohgjdra’ce but no phospho&e

group.
Contain sPhingosine.

A/k/a glycosphingolipids. \
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Phospholipid &lycosphinaolipid
Glycerol or sphingosine Sphingosine
PO, present No phosphate group |

Structure of 3\300“{3’\6\5 :
sph\ngosine + Foﬂg Acid + Carbohgdro&e.

Three ’cﬂpes :
I. Cerebroside.
a. Globoside.

2, G\anghoside.

Cerebroside, globoside & ganglioside 00:15:23

Cerebroside : Ceramide + monosaccharide.
I¥ the monosaccharide is :

Glucose : glucocerebroside.

Galactose : Galactocerebroside.

Glucocerebroside ¢ Presen irr\n r%'%@n"é’%%ltlo\sﬁ,‘@er.‘mes

Galactocerebroside : Present in neural tissue.

globoside :
Ceramide + Disaccharide/! oligosaccharide.
g, L,acl'055| ceromide.

Gangllioside

Ceramide + Oligosaccharide (NANR).

NANA : M-nce{Bl Neuraminic Acid = Sialic acid,
Named as &M

1Y

Ganglioside | Unique number : Assigned based on chromatography

monosialo conkainins

Active space

aml : e\argl\oside that acts as receptor for cholera toxin in \
human Intestine. \‘
M3 : S'\mplesk Sanshos'\de.
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Sphingolipidoses 00:22:53

Definition Sphingolipidoses is a. group of Iysosomal storage
disorders charcterised by an inherited de?\cienca ot
lysosomal hgdrolase, leading o an in’cra15$osomal
accumulation of sphingosine containing lipid substrates.

am, 8an3\iosidosis :

Case : 4 month old infant presented with $rontal bossing,
depressed nasal bridge, long phittrum, low set ears.
Fundosco% shows cherrg red spot.

Biochemical defect : Defect in B-qolactosidase enzyme

results \W%g igp&@'n%%oside

p - galactosidase
am, Sanghoside > ﬁ. am, Sangl'\ogde

Clinical feotures :

glindness.

Typical facies : Frontal bossing, long phittrum,
depressed nasal br'\dse, low set ears.

Macular cherry red spot (seen in approximately SO%).

F\ng'\oKemkoma.

HepatosPIenomegalﬂ.

mental retordotion

am_ ganglliosidosis

Case : a year old b05 who is h5po&on\c, decerebrate and
blind, Fundus examination reveals chem:) red macular spot.
what is the defect in this child?

Ans. Defect in hexosaminidase enzyme \
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eiochemical defect : Defect in B-hexosaminidase enzyme
results in accumulation of am, 3anslioside.

B-hexosaminidase
&m, sangl'\oside o 7am, Sanglioside

B- hexosaminidase isoforms :

22 Sphingalipidoses

A —> 10 and I
& — ap
Types of &m_ Sanslios\dosis :
Toy Sach’s disease Sandhot¥s disease
B- hexosaminidase A B- hexosaminidase A and &
(defect in O subunit). (defect in B subunit)
@marroweditionénotes
Clinical features : Clinical feotures :
Cherry red spot in maculo. | Al features of Toy Sach's
and retino. disease odong with
Hapemnus‘& hepa’cosp‘enomesalg, -cardioc
Neurologicol deficits, obnormalities and bon5
macrocephalg. deformities.
Krabbe’s disease & Gaucher’s disease 00:09:41

Q. S month old Siri presen’ced with develoPmentod delag. At 9
months the same childs condition rapidlg deteriorated. Now
she is in ophiothotonus posture with clenched fist.

Biochemistry « v4.0 + Marrow 6.0 + 2022
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Krabbes disease :

Biochemical defect : defect in B-galactocerebrosidase/
golactosidase enzyme results in accumulodion of
B-golactocerebroside.

P-galactocerebrosidase
> > Cerebroside

P-galactocerebroside

mMajor location of B-galactocerebroside in neural tissues.
Clinical feotures :

Severe neurological deficit.

No hepatosplenomegaly (as enzyme not present here )
C/herrg red spot + enlarged macrophages causing globoid cell
inclusions (in white matter).

Gaucher’s disease :

Case : 3 year old child presents with abdominal distension
% bone pain. Xray of femur shows peculiar de?ormi@. &MA
shows cells with crumpled tissue paper appearance.

Most common lysosomal storage disorder.

Biochemical defect : Defect in B-glucocerebrosidase/
B-glucosidase eneyme results in accumulation of
f3—3|u§:ocerebroside.

B-glucocerebroside ﬁ—g\ucocerebrosw\ase} Cerebroside
Location of B-glucocerebroside : extra neural tissues.

Clinical features : l
Pain in long bones, and pathological fractures. “
Haemoatological features include decreased thrombocytes §
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22 Sphingalipidose:

pancytopenia. This can lead to bleeding manifestation §
anemia. No intellectual deficit.

No cherry red spot (exception : Type || Gaucher’s disease -
pseudo-cherry red spot present).

X-ray feotures : erlenmeyer flask de?ormﬂg.

Bone marrow shows Gaucher cells (crumpled tissue paper/
wrinkled paper appearance).

Treatment :

L eRT (&nzgme Replacement Therapg) ;
Recombinant acid B glucosidase (migucerase).
Velaslucerase Q.

Todislucerase q.

a. Oral substrate reduction ’chemptj :
m'\SIus‘ca‘c : Inhibits S\ucosgl ceramide SBn’chase.

3. Bone marrow transplantation.

Gaucher’s disease Krabbe’s disease
B-glucocerebrosidase B-golactocerebrosidase
accumuladion in non-neralacuniladion! i neuras tissues
tissues '

No mental retardotion or | Severe neurologicol deficit
neurologjical deficit .
Hepotosplenomegaly is No hepatosplenomegaly
presen’t

Niemann Pick disease, Farber’s disease &
Fabry’s disease B 00:42:00

Niemann pick disease :

giochemical defect : Defect in sphingomyelinase enzyme,
results in accumulation of sphingomuelin.

Clinical features :

Cherrg red spot in maculo.

2€ebra bod5 inclusions.

Active space

Farber’s disease :
Case : 18 month old child presented with painful joint swelling \
£ nodule.
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Biochemical defect of acid
ceramidase enzyme.

Clinical feature : Painful joint
swelling (resembles rheumatoid
arthritis).

Fabry’s disease :

X-linked recessive disorder.

males are afiected,

Biochemical defect of O-galactosidase enzyme, leading o
accumulation of globotriaosyleeramide.

Clinical features :

nnSioKera’toma.

Corneal g lenticular opaci’g.

Fabrys erisis (agonising pain in the proximal joints).
ngohﬂdrosis.

Urinary sediments show maltese appearance, due to lipid

inclusion:

dition6notes

moltese
Cross

Treotment :

enzyme Replacement Therapy (ERT) : Recombinant
O-golactosidase

. Agalsidase B (Fabrazyme).

a. Agalzidase O (replagaD.

Wolman’s disease & gemerabfeatdtasofalk
sphingolipidoses 00:25:51

wolman's disease :
Also Kknown as cholesterol ester storage disease (Cesd).
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iochemical defect of acid lipase enzyme, leading to
accumulation of cholesterol ester § triacylglycerol, in
histiocytic foam cell. Not type of sphingolidoses.

Clinical features : ‘/ { :‘
u)o&er5 green diarrhoea. / A8

Failure 4o thrive.
Relentless Vomi{"\ns

HepatosPlenomgalg

' 2
¥

Calcification of adrenals (podchognomomc Seature).

General feotures of all sphingolipidoses
Al are awtosomal recessive, except Fabry's disease.
All have mental retardation, except Gaucher’s disease.

All have cherry red spots, except Gaucher’s § Fabry’s disease.
Sphingolipidoses with corneal clouding : Fabry's disease § &m

Sanaliosidos'\s

Inclusion bodies :

@marrowedltlon6notes

‘@loboid cell : Seen in Krabbe's disease.
2€ebra. cell : Seen in Niemann Pick disease.

Maltese cross in urinary sediment : Seen in Fabrg’s disease.

Lysosomal storage disorders
Disease gnzyme defect
&mi gangjiosidosis B-galactosidase
Toy Sach’s disease B-hexosaminidase A
| Sandnot¥’s disease B-hexosaminidase A § &
Krabbe’s disease B-galactocerebrosidase

Niemoann Pick Tgpe— \'

SPhinsomﬂelinase

Goaucher’s disease

Glucocerebrosidose

meto.chromodic IeuKodgs’trophg r-\r5l sulfatose A
Farber’s disease Ceramidase
wolman’s disease Acid lipase
Fabrg’s disease a-galactosidase
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OXIDATION OF FATTY ACID

Concept :

* early fasting (4-16 hre) : &lycogenolysis.

* Fastina (-48 hrs) : Gluconeogenesis.
Fatty acid oxidation (provide acety|
Cof and ATP to activote
gluconeogenesis).

* Prolonged fasting (>a days) : Fatty acid oxidation

(ketone bodies synthesis).

Types of fatty acids oxidation 00:03:58

m/e oxidation : B oxidation.
m/c fatty acid to undergo Fotty acid oxidation : Soturated
fatty acid (polmitic acid @ C 16).
Other : VLCFA (Very long-chain fatty acid).
Anadiedientyeiss
0dd. chain FA.

mMinor oxidotion pa&hwaﬂ :
Q. oxidoion.
W oxidokion.

B oxidation 00:05:03

A process b5 which ?—aﬁg ocids are Sucoesswe\5 cleaved to
ac au:e’qjl Cof and release energy.

a Site of
; /\/\/W cleqvase
CH, B o COOH
|
COOH

The process is known as [ oxidation as B carbon (CH) group
gets oxidised to COOH.
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Site of cleavage : Between o § B.
Liver, muscle, and adipose tissue.
In mitochondria.

Steps of ¥o@c{5 acid activotion :
D Activation of fotty acids.
) Transport of activated fotty acid from eytoplasm to

mitochondrio.
2) B oxidakion.
Activation of ?a’vtB ocid :
Site : Cytoplasm.
Acy!l CoR synthetase
Fa’ctﬁ acid > Acgl CoR
ecoon N 0
ATP  AMP |
(& phosphates R — C ~ SCoA
N@?ﬁ@rroweditio%notes

‘The only place that requires energy,

The enzyme (acyl CoA synthetase) is situated in the outer
mitochondrial membrane.

The reaction is happening in the cytosol.

The enzyme belongs to the ligase.

Transport of fatty acid fo mitochondria. : Occurs with help ot
carnitine ( FA < 14C does not require camitine).

| CoA CAT/CPT = Carnitine
903 o,cgl/po.lmi’(oal
fe
omm CAT 1/ CPTI DS
4
| CoR
Intermembrane ’ 905 A Acijl carritine
f Cornitine ’
M CPT I Carnitine 3
CAT I\ 2 nc5| camitine
] 1 translocase
AcBI carnitine  Carnitine 905\ carnitine
+
T Acyl CoR
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CAT | (Caritine Aeyttransterase) : Transfer carnitine to the
octivoted %&{3 acid,

- Reactions of beto-oxidation :
(o)
| B o
F\cBlC,oﬂ B=L<sCol €—£€
FAD D Acgl CoA dehﬂdrosenase
FADH, B «
Tmnsenogl CoRA C=C
Hﬂdra’case ~HO OH

N\ |
Hgdﬂoxg Acyl CoR c-¢C
~ NAD B «
\ Hgdroxg Acgl CoRA Dehgdrogenase

NADH 6/ ¢ Keto
\ [
v

Ketoacy] Cod B, sl B

Th‘o‘@?nz_a]rroweditio%rﬁ)teé a

F\cgl CoA Ace’gl CoR

(-ac)

Carnitine (B hydroxy gamma. methyl ammonium butyrate) :
Lysine 1S adenosyl methionine is involved in the synthesis
of carnitine.

Vitamin C is also involved.
FA < 14C doesn’t require camitine for transport.

Energetics 00:23:48

No of beta. oxidation = No of C atom - |
a
t\boslo.ce‘kgl(‘,oﬂﬂdoo?(‘,a’com
a
example : Palmitic acid (ko).
No of beta. oxidadion = 1b — | = 1
a

eoeds eAoy
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No of acetyl Cof = Ib/a = 8.

| beta. oxidation produce | FADH, (.S ATP) § | NADH (&S ATP)
= 4 ATP.

Total = x4 = 38.

8acek5\u>n=

| acetyl CoR produces 10 ATP in TCA.
8ace+5lOon=809TP.

Total ATP = 80 + 38 = 108.

For activation of acyl CoR synthetase, & ATP are used.
Net ATP = 108—a = 10b.

Based on old caleulotion :
| \'—‘F\DH:’l = & ATR

| NADH = 3 ATP.

| TCA = 13 ATP.

The number of ATPs Pm‘@‘i%\"ﬁ)‘?%‘iﬂﬁm@@m& stearic

ocid is 130.

The number of ATPs produced by beto oxidation of palmitic
acid is 139.

Regulation of beta-oxidation 00:29:39

Rate Limiting enzyme ®RLe) : cPT | (0/Ka goteway of
beta oxidotion).

In well-fed state :
Insulin : Glucagon rodio is hish
Increased cety) CoR carboxylase (active).
modonfj\ CoR inhibits CPT | —> FA oxidation will not ocCur

in ?—asﬁng stote :

A\ctive space

Insulin e\lucagon rodio is low.
Decreased acetyl Cof carboxylase (inactive).
modon5| CoA level will be less — FA oxidadion ocCurs
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Oxidation of various fatty acids 00:32:06

/

VLCFA :
modified beta-oxidotion.
For ¢ C’ao-aa'
Site :  Peroxisome.
mitochondria. also have some role.
Products : r-\ce’rg\ CoR, H O, octanoyl CoA.
Od-ano5| CoR enters mitochondria. and goes
’chrough the same as beta-oxidotion.

UFA (unsoturated Sotty acid) :
Site : mitochondrio.

a
/\/\/\ UFA

CH, Ne's T

J, Normal B oxidotion
(0
&‘mogl CoA
@marrowedition ote COOH
Normal 3 oxidation - acyl Cof
l dethrosenase

| /\/\COOH
FAD acijl CoA dehgdrogenase iS bﬂpassed.
ATP 3enero¢ed : 1S less for every double bond in an even
posi’c'\on.

Odd. ¢hain ?ai"qj ocid :
Site : mMitochondrio.

CH. -CH, -{CHaf); - CH, - COOH
/ |
§ COOH Ace’(gl CoRA
g Propiongl CoR
8
!
glucose

r-\ce’(5l CoA + Propiongl CoRA is produced,
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Alpha. oxidadion
Site : endoplasmic reticulum § peroxisome.
Process : Remove | C ot o time.
For branched-chain FA with o branch at B carbon.
m/C : Phytanoyl CoR (dairy products, green leady vegetables).

W oxidotion of ¥aﬂ5 acid
Site : SeR (Mmicrosome). No ATP is generated.

D'\carbothc ocid

Medium-chain acyl CoA dehydrogenase
deficiency (MCAD defect) B 00:41:20

Q. This is a | year old child/Hergiling diedn kel doys of
life of SIDS. At 7 months she had o life—threatening episode
of seizure and hypoglycemia. Her
blood examination revealed C,
dicarboxﬂlic ocids. No Ketone
bodies. Her doctor advised her
mother to give her frequent meals
with high carbohydrates and low fot.
Answer : MCAD defect.

W oxidodion
mMedium Chain Fatty ocid > DicarboxB\ic acid
T B oxidation
l F\cefﬂl CoRA ) l ATP
- i"

l l retone bodies H e\luconeogenes'\s

) |

No Ketosis Fasting hypglycemia (sudden death)
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Leave Feedbad

Jamaican vomiting sickness 00:45:48

Q. After ingestion of this fruit, man
develops sudden onset vomiting a-6
hours later, followed by convulsion,
coma. death.

A. Jomaican VOmihng Sickness.
unripe ackee fruit — Hﬂposlge\n

|
© Acy| CoA Dehydrogenase (5
oxidodion)
J ' N2
l QCQ*}j\ CoA l ATP
| |

‘|' “etoacid an’chesis l e\luconeogenesis

Ackee $ruit is found in West Africa. Wamaico).

Clinical features :

Sudden onset vomiting, convulsions, coma. and death.
Death can occur as there is de%c\encg of ketone bodies
olong with glucose, cousing lack of substrates for brain.

Refsum’s disease 00:50:44

Defect : O oxidation.
Phytanoy| CoR hydroxylase (phtjcanoal CoR oxidose)
is defective.

Clinical feotures :
Retinitis p'\smen’cosa.
lchkh5osis.

Peripheral neuropathy,
Cordioc arrhijmmxa.

Treodment : Restrict dodrB products and green \ea¥5
vege’mb\es.
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acid

Zell weber syndrome/cerebro hepatorenal
disease 00:50:07

Peroxisomal targeting disorder.

The synthesized peroxisomal enzyme in the endoplasmic
reticulum reaches the peroxisome with the help of PTS
(peroxisomal targeting sequence).

Mutation in PTS will lead to no enzyme in the peroxisome.
VLCFA oxidadion and Q. oxidation is afSected,

Clinical features :
mongoloid facies.
nger’celorism
unslanting palPebml fissure.
Frontal bossing, high forehead
Brushfield spot in iris
gpicanthal fold,
Resembles down androme.

Diagnosis *
Peroxisome Shos‘c.
Accumulation of VLCFA in the peroxisome.
Accumulation of phytanic acid,

Clinical problems :

Reason for fasting hypoglycaemia. in $a’c’c5 acid oxidation
disorders ?

Role of %&’cg acid oxidodion is o provide ATPs are
gluconeogenesis. Once I hours of foting is over, body

gets glucose from gluconeogenesis. Hence when the Qaﬁﬂ
oxidation i blocked, Sluconeogenes\s does not occur |eadin9
to hgposlgcem'\a.

why drugs thok reduce $aﬂ5 acid oxidation are orol
hypoglycemic agents ¢

example : Sulphonylureas.

In DM, there will be excess gluconeogenesis. So oral
hﬂposlgcemic asen’cs blocks this excess gluconeogenesis b3
inhibiting ¥o&{5 acid oxidotion.

Active space
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Leave Feedbag

KETONE BODIES

early fasting (4-16 hrs) —> &lycogenolysis.
Fasting (6-48 hre) — Gluconeogeness.
Prolonged fasting (starvation) £> & doys] —> Fatty acid
oxidation
\"setonéL bodies.
Provide fuel for vital organs after depletion o¥ glucose.
The brain con derive only a0% of energy from Ketone bodies.

Ketone body synthesis I 00:02:55

Site : Occurs only in the liver, inside mitochondrio.
chl CoRA

(F\ce‘k}jl Ooﬂ)n | B oxidation
@marroweditionénhotes
Acetoacetyl Con (40)

| CoR | HNG CoR Sgn’d'\ase
~ (starting substrate)

HM& CoA (3 Hydroxy 3 methylglutary| CoR)

feety| CoR .| HM& CoA Lusae

Acetoacetote
(sPon’caneousB)
- OH Esutgra{e
dehﬁdrogenase
B-on Butyrate

Starting substrate : Acetoacetyl Co.
Rate limiting enzyme : HM& CoA synthase (mitochondrio)
Cytosolic HM& CoA synthase for cholesterol synthesis.
Acetoacetate : 1° tetone body,
Acetone a° retone bodies
v

B- on Butyr
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Ketone body utilisation 00:08:10

Ooccurs in ex’cmhepo&ic tissues as liver lacks ’chiophorase.
enzyme for ketone bod5 udilizodion :
Succiny| CoR acetoacetate CoR transterase/Thiophorase.

Organs that never utilise Ketone bodies : Liver.
REC.
Acetone :
* volatile, neutral.
* excreted through the lungs. It has o ¥rui’c5 smell,
which is seen in Diabetic Ketoacidosis.

Storvotion ketosis :
After utilisation of glycogen and failure of gluconeogenesis,
TAG becomes the next source.

TRAG
arr(ﬁ&gitiorﬁnotes
Fotty Acid &lycerol |
B Oxidation f

(oxaloocetate Acetyl CoR

depleted) % a8

TCA Cﬁcle Ketone bodg sSn{hesis
Diabetic ketoocidosis ¢
T Glucose l Inswlin
1 ducose """~
1 alucose ‘)
®lood) Gluconeogenesis
(| oxaloacetote)
8
H
g
HSL

Increased S\ucose in the blood but cannot enter cell as Insulin
dependent GLUT 4 transporter is reduced,
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Leave Feedbad

Cell synthesizes new glucose in response (gluconeogenss -
depletion of oxaloacetic acid).
Hormone sensitive lipase (HsL) helps in conversion of TAG to

S‘»aﬂg acids and Slﬂcerol.
Insulin 3enera|\5 inhibits HSL. But in case of dinbetes there is
excess of HeL :

™
1 HeL i

TFaﬁg Acid alycerol
3 Oxidaion

(oxaloacetat
depleted) % 2‘3\

Tcn C,Bcle Ketone bod5 55mss
T:hls is the reason for ketoacidosis in uncontrolied diobetes.

Tests for ketone bodies 00:14:17

L Roterastesticditionsnotes

Purple ring ot the junction of & liquids.
Positive in : Acetone and acetoacetate.

a. Gerhardts test :
Positive in : Acetoacetate.

2, ¥etostix :
D'\psﬁch test to detect ketone bodies.
Positive in : Acetone and acetoocetate.

4. enzymotic assay for f-OH Butyrate.
Predominant ketone bodg san’ches'\sed in ketosis
ﬁ-O_H 6u’(b)rate.
- prOHBUtYrate : Acetoacetate = G ¢ |
Ketone bocl5 predominanﬂa synthesized in normal
condition :
,B'OH Butyrate : Acetoacetate = 1+ |

ooeds eAOy
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FATTY ACID SYNTHESIS

Steps of fatty acid synthesis 00:01:25

Fodty acid synthesis occurs in o well fed state under the

influence of insulin.

Also Known as de novo synthesis/Lynen’s spiral.

Discovered bﬂ Feodor Lynen.

Site : Liver, Kidney, brain, lung, lactating manmmary gland.

Organelle : extramitochondrial fatty acid synthase system
(eytosoD.

Starting Substrote : r-\cet3| CoA.

Source : Pyruvate dehydrogenase (fed store) [mitochondrial.

Transport of ace’cgl CoRf:

mitochondrio

cht}y Cof + itionéndtes
o)
| TeA

Citrate (")

Tr'\carbox5|ic ’cran5porker

Cytoplasm ,
C,i’cr\o/&e
ATP Citrote Lyase lgﬂTP
ATP + P,
nc_ekgm + Oxaloacetate
FA Sﬁn&hesis

Biochemistry * v4.0 « Marrow 6.0 » 2022
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Enzyme systems 00:06:58

l. Ace’cgl CoA carboxglase 35s’cem :

nceg\ CoR carboxg\ase

F\oekﬂl CoRA - modongl CoA
@e) / m (30)
H(‘,Oa“ ATP ADP

Biotin

Rote llm'rtins enzyme.

a. Fo&tg acid sijn’chase complex :
muttifunctional enzyme.
It is a homodimer and is X shaped.
gach monomer is divided into 3 units/domains :
l. C,ondensing unit.
a. Reduction unit,
2. Qeleasins unit.

Condensing unit// UReéductionunit |  Releasing unit

" modor\5| gce,%‘ o hefoacal * Thioesterase.
Transacylase Reductase. ©eacylase)
(e * oy

. Keto 0&5| Reductose.
Suynthase (4S). | * Dehydratase.

i has b enzyme activities.

eoeds eAoy

Biochemistry - v4.0 - Marrow 6.0 - 2022



25 Fatty Acid
Synthes Leave Feedba

Condensation unit :

Acetyl @
SH
i Acetyl (a0
mMalony o)
Pan-SH malonyl (30)
hekoacgl
After realease of CO_two aC wa(i Synthase
compounds formed ot the ends

ot each subunit combine 1o form
acetoacety residue o).

ncetoaceg\
, Ose*:ong residue
Qeducﬁorkg\n\&,:._. :
7 reduc’m,se Dehgdroﬂcase Urisouraied
I\IADPH mop* | Enoyd
Hgdroxijacg '
(4c) R
reductose
Thioesterolse /\&ondensation \
+ Palmitic ¢«————— Coriniiicaion:
acid Reduction uni
Ayl (0 Aeyl (4O

Ayl group (40D combines with another malony group (30,
forms a. C compound after release of CO, This compound
then undergoes repeat condensadtion % reduction fo give rise
to alo C acy| compound ottached to FA sgn’chase complex.

Releasing unit :
Thioesterase (deou:glase) enables release of completely
formed $odc~k5 acid from the %&{5 ocid an’chase complex.

Co%actor requirement :
* NADPH : KR, ER.

* mn*

* Biotin J{noetgl CoR carboxylase

Active space

* HCO,” [donor of C atom for acety| CoA carboxyase)
Sources of NADPH are : HMP (oxidative).
mMalic enzyme.
%kosolic ICOH.

Biochemistry + v4.0 - Marrow 6.0 + 2022



W B
eave Feedba

Regulation 00:21:19

Rate limiting enzyme : nce’c5l CoR Carbox5lase.

Allosteric activator of acetyl CoR carboxylase : Citrote.
Citrote converts the inactive dimer form 1o an active
tetramer.

Allosteric inhibitor of TCA transporter : Long chain $o¢~t5 ocid,

Hormonal resudoedon :

Insulin

1Dephosphor5lo¢ed (active)
Acety| CoR Carboxylase RLE)
T-Q@épb@)@la’ced (inactive)
&lucagon § y,
gpinephrine

@marroweditionénotes

eoeds eAloy
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CHOLESTEROL AND BILE ACIDS

S\Sni%cance of cholesterol :
Exclus'\velﬂ onimal sterol.
cholesterol elimination is difSicult.

C,hemis{rg :
&7 carbon compound (cgclopenfomo perhydro phenanthrene

ring).

Amphipathic (has both hydrophilic § hydrophobic ends).

Cholesterol synthesis 00:04:45

Site : All nucleated cells.
Liver, adrenal cortex, testis, ovary, intestine.
Organelle : Cytoplasm 3 SeR.
s’car’dns material : nce’cBl CoA.
@marroweditionénotes
Steps :
3 Acetyl CoR
lThiolase
Acetoacetyl CoR
+ ch’c}jl CoA
| Hm& coA synthase (eytosolic)
HM& CoA
NADPH NADP" | HMNG CoR reductase
(in endoplasmic reticulum
-~ -Imé limiting step
- Mevalonate

ax lsopreno\c\l/(\sopenkangl units)

seranyl ppi (00
+[sc]
(5O Farines\ljl ppi x &

(300) Squalene

Biochemistry * v4.0 - Marrow 6.0 « 2022
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Lanosterol (1* eyclic compound/I* steroid compound)
(a7C) cholesterol

Fate of cholesterol (31C) Cholesterol

[ | | -

Unabsorbed  S0% : Bile acids vit D  Steroid hormones
excreted (corticosteroids,
through feces sex hormones)
(CoprostanoD

Regulation of cholesterol synthesis 00:12:11
ﬁght\5 regulated po.’chwa5.

Rote \'\mi't'\ng enzyme : HM&G CoA reductose.

Feedback regulation :

Dietary c@ﬁ.%ﬁg\ﬁ%ﬁﬁﬂfﬁéh&%gﬂhesis of enzymes for
cholesterol synthesis with help of sReep (Sterol Regulator
glement-ginding Protein).

Feedback inhibition :
Cholesterol inhibits HM&G CoR reductose.

Hormonal reguloedon :
Insulin § thyroxine favor HM& CoA reductase.
Glucagon § Slucocor‘dcoids inhibit HMNG Co A reductase.

Bile acid 00:15:21

Skar‘dng substrote : Cholesterol.
Rote I'\m'rhns enzyme T H}jdroxglase.

S’ceps :

Biochemistry « v4.0 - Marrow 6.0 - 2022



Cholesterol

NADPH vit C
TQ H}jdfOX!j‘ase

T Hgdrox5 cholesterol

NA\V Ypiomjl Co A

cholic acid (primarg bile acids) Chenodeoxycholic acid
(most abundant)
. J

Conjugoted with glycine 3 taurine

Cholic acid (C,orl')ugoeced bile acide) Chenodeoxycholic acid

(n intestine)
l Deconjugation § dehgdroxglaﬁon l
Deoxyeholic acid (secondarg bile acids) Lithocholic acid
(least enterohepatic
\ @marrowediticﬂ‘f@ﬁ@’tj@@

J
Werohepaﬁc circulotion
Liver

Secreted as bile

Cholic acid and chenodeox5cholic ocid are primary bile acids
and formed in the liver.

Bile salt:
It is the form in which the bile acid exists in the bile.

gile acid éeques’«an& :

It sequesters the bile acid and excrete it in feces and avoids
enterohepoadic circulodion.

S0, cholesterol will be excreted in bile form.

Therefore, it is used as o hypocholesterolemic drug,

Biochemistry « v4.0 « Marrow 6.0 + 2022
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LIPOPROTEINS

Definition : Compound lipids complexed with proteins.

Concept :

Lipids are h}jdmphobicn

To be carried in the blood it is complexed with proteins.
The proteins are called apolipoproteins/ apoproteins.

Major classes of lipoproteins ~ 00:03:20

l. %5lomicron

3. LoL (Low-density lipoproteir)

3. HOL (High-density lipoprotein)

4. 1oL (intermediate density lipoprotein)
S. VLDL (Very low-density lipoprotein)

Structure of HPOPXOtEIN. o otes kit

Core of hﬂdmphobic lipid,
(Triou.:gl glycerol cholesterol ester)

Second |ager ot

Amphipo:khic |'\p'|d
(cholesterol, phospholipic)

Third loyer ot protein

(\n’cegrod/ periphera))
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Characters of lipoproteins 00:05:19
i ch5|omicron VLDL LDL HOL
Formed Intestine Liver From VLDL Intestine §
from b3 liver
L'\popro’tein
coscade
po&hwmj.
VLOL —* DL
== UL
Function Cer5 Courrg Courr5 Reverse
exogenws/ endogenous | cholesterol to | cholesterol
die\'arg TAG | TAG to the | extrahepatic |transport
o the liver | peripheral | tissue § liver
and organs |
peripheral
organs
Size Moaximum
Densd-g Least Hishes’c
(Protein
content is
hisheSt)
L'\pid mMoximum '\muu@ Least.
content Th& (Tri-Acy) @marrow éﬁlﬁo i nOte(ﬁxosphoupad
&lyceroD 5 apolipo
pro&e'\n
content is
maxinmum)
ppoipo  [Apoe.:  |Apoe  |Apoe Apo
protein unique to Apo C, Apo C
chv:jlomicrorx Apo € Apo D
APO cll APo e
npo €

&n?_ﬂn'\es in HOL ¢
I Lecithin cholesterol acyttransterase cAD
Lecithin + cholesterol (amphipathic)

LCAT

Lasolec'rl—hin + cholesterol ester (hgdrophob'\c)

a. Cholesterol ester transfer protein (CETP
CETP transfers cholesterol/

% LOL

HDOL

c/ce

T& DL

cholesterol ester to other
lipoproteins like DL, LDL etc
in exohange ot TAG,

Biochemistry * v4.0 - Marrow 6.0 - 2022
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Lipoprotein (a0 CLp (o]
Similar to LOL.
Apo (a0 bound to apo & by o disulfide bond.
Apo (@ is a plasminogen analogue, which may get acted
upon by activator (which converts plasminogen to
p\QSm'\r\).
This can inhibit clot lysis — Risk factor for thrombosis.

Lipoprotein (0 [LpGO]
1§ there is a block in bile flow, the cholesterol will be
accumulated in the liver.
This cholesterol will combine with phospholipid and form
Lp (0. Lp( is an indicator of cholestasis.

electrophoretic mobility of lipoproteins
Point of application

\ CMm LDL iDL DL HODL

ﬂ pre,B eroadﬂ aLp

Lipoprotein metislooksan
Chylomicron metabolism 00:19:15
i
e.“ 0%00" E“ mMoture
I C\'\Blomicron
ajoe / S5 Peripheral
Nascent : L OEBAEE

=4

Intestine  Chylomicron  HDL
S

0\\,3?’( ——>FA + algcerol
5 Lier Blood vessel TRG
g
'E QP?E; @ 48
2y // @ QPO c“
or medioted ~Remnant
&ndocg&oss &5Iom\uon
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Nascent chjlomicron contains apolipoprotein &, that helps in
#s assembly. Apo C, § Apo € (reposi’torﬁ : HOL) gets attotched
%o chylomicron $orm'm3 mature chylomicron, which on

passing khroush capillaries gets acted on b5 lipoprotein lipase
( L.PL) present in endothelium. L L converts TAG to fatty acid §
Scherol.

Apo C, present in mature chylomicron is the activator of LL.
The subsequently released fatty acid gets deposited in
peripheral tissues and TAG content of chylicron reduces,
forming remnant chylomicron.

Apo & acts as ligand for uptake of remnant chylomicron by
liver via receptor mediated endocg’cosis.

LDL and VLDL metabolism 00:24:43
mModure
R VLDL
Peripheml
Orsans
Liver FA ;’ Glycero
tion@noteas
Liver
6IOO
€ °
- Remnant VLDL/LDL
The-- I .C/“
apoc" & &r\?&m&]inl
Receptor €° Hepamupase

medioted ?
iS

/\ e

Risk factor

for

Atheroma.
Heart Formadion

7

'éx{mhepahc
(\mrm?uD

Liver adi Pos e

Active space

VLOL is formed $rom the liver. & 100 helps in its assembly to
form nascent VLOL. Mature VLDL is formed after it acquires
¢ and & C, activates LL which converts TAg to fotty acid
and glycerol. Fakty acid then gets deposited to peripheral
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organs.

VLDL with reduced TAG is known as remnant VLOL/ 1DL.
Fote of remnant VLDL :

- -) xeueeptor medioted endocg&osis b5 ligand apo € into liver.
Aconverted to LOL (cholesterol/cholesterol ester rich) by the
action of endotheliol/ hepotic lipase.

70% of LOL undergoes receptor medioted endocytosis into
liver co&odﬁsed b5 ligand opo B, .

30% of LDL taken up by extrahepatic tissues that have LOL
receptors like heart or adipose tissues.

In the presence of free radicols, LDL gets oxidised and is
token up by macrophages which can be a. risk factor for

otheroma. formadion.

HDL metabolism 00:32:25
HOL
(Cholesterol
phospholipid)

L@ marrowedition

Intestine

‘¥
«— /—‘ :
lesterol
SRA\
SPhericol sPherica!
HOL-a HOL-3

Peripherod Orsons

HOL is formed $rom liver and intestine.

Lipid content of newly formed HOL consists of amphipathic
lipids like cholesterol and phospholipid which gives it a discoidal
structure (ako. discoidal HOL).

Apo A activates LCAT which converts cholesterol to cholesterol
ester, a h5drophobic lipid.

H5dmphob'\c lipids gets internalised giving HOL a spherical

eoeds 8AOY
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shape (aka. spherical HDL-3). This HDL accepts cholesterol
from peripheral organs with help of certain transporters.
Transporters in HOL metabolism :

L. ATP binding cassette protein Al (AGCA D

. ATP binding cassette protein & (ABC& D

3. Scavenger receptor @l (SR® D
Function : Transport cholesterol to HOL $rom the peripheral

organ.

With uptake of cholesterol, spherical HOL-3 swells up ond
forms HDL-3, which releases the cholesterol into liver via SRS
| fransporter. The cholesterol then goes for bile acid synthesis.
After release, HDL-A becomes HDL-2. This is Known as HOL

c5c\e.

Apolipoproteins 00:41:34

Apo A : Activate LCAT.
Apo A+ Inhibit L L.
Apo A, * Promote L L @marroweditionénotes
Apo & : Assemble VDRL in liver.
Act as a ligand For LOL.
Apo &, : Assemble chglomicron.
Apo C. : Inhibit CETP
Apo C, : Activote LPL,
ﬂpo C,“l ! Inhibit L,PL.
Apo € : Ligand $or remnant Lipoprotein (VORL § chylomicron)
Arginine rich. 7
Apo €, : Late-onset Hzhemer's aisease
Apo D : Associoted with a human degenerative disorder.

LOL is dangerous because it has tendency to getdeposited
in extro. hepatic tissues. Also, oxidised LDL con predispose to
otheroma. formadion.

HDL is heart ¥riend15 os it transters cholesterol from
extrohepatic tissues to the liver where it undergoes bile acid
55n’ches'\s.
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DYSLIPIDEMIA
DBSlipidemia
e
ngerlipopro{'einemia Hﬂpol'\popro’tememia
s )

an[art) Secondan:}

N/ l 8
with HTg with HC HTG+HC
(Hypertriglyceridemiod (Hypercholesterolemio)
Fredrickson Type | Type I Type W
Tgpe \V}

Tgpe \V
Type 1 Hyperlipoproteinemia 00:04:40

A/r/A Familial chylomicronemia syndrome.

Defect in lipoprotein lipase (LpL)/ apo Ca (activotor of LpL) —>
Accumulation of mature chylomicron and madure VLDL.
Madure chylomicron m Remnant chylomicron.

Mature very low density lipid LoL) M Remnant
VLDL.
Lipoprotein elevated : Chﬁlorn'\cron >7 VLDL.
Lipid elevoted : Triacylglycerol (TA&).
Cholesterol levels will be normal.
Clinical $eatures :
L. Recurrent abdominal pain : Hﬁper’(r'\glgceridem'\a ->

kumarankitihdi:a1@gmail.con?‘"nc‘reo‘f‘{'is — Acute abdomen.

eoeds aApoy

a. Lactescent (Miky white) plasma. due to raised
’criacglglﬂcero\ Slgcerol.

3, &ruphve xonthoma.

4, FmdoscoPH * Lipemio. retinalis.

o L8 2
W it ol i
h . L ST
ot p
’ % « y =
It e g
o ,.)'I

There is no increased risk of coronary artery disease (cAD).
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Type 2 Hyperlipoproteinemia - 00:10:40

l.  Familial h5percho‘es’<erolemia :
A/K/A autosomal dominant hypercholesterolemio.
type | (ADH Type D.
m/cC primary hyperlipoproteinemia.
Defect : Mutation of LOL receptor (Uptake of LDL in
liver and extrahepadtic tissues.
Lipoprotein elevated : LDL.
Lipid elevoted : Cholesterol.
Triacglslﬂcerol level is normal.
Clinical features :
L. Presents with premature CAD
a. Comeal arcus.
3. Clear plasma.
4. Tendon xanthoma/ Tuberous xanthoma. (M/C

site : Achilles tendon).
a. ADH Type &

A/v/A Samilial defective Apo BIOO (FOB).
Mutodion in gene encoding apo BI00.

3. ADH Tgpe 3:

Gain of function mutation to PCSKI protein.

PCSK9 binds to LOL receptor = Lysosomes

Accelerated degradadion of LDL receptor.
This leads to raised LDL and cholesterol levels.

4. Autosomal recessive hypercholesterolemia. (AR :
Mudtation in LDL receptor adapter protein (Clears LOL
from bodﬂ).

S. Sitosterolemio
Sitosterol is o plant sterol.

ATP binding cossette : ABCAS and RBCGS *
* Intestinal cells : Actively secrete absorbed
plant sterols back to the lumen.

Active space
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* In liver : excrete plant sterol from hepatic
cells into the bile.
Mutation of ABCSS and ABCE8 —> Raised cellular sterol

!

Decreased transeription of LOL receptor

Decreosed LOL receptor

i

Roised LDL
Type 3 Hyperlipoproteinemia 00:23:59

A/K/A Familiol dysbetalipoproteinemia, Remnant removal
disease, Familial broad beta disease.
Defect : mutation of apot : Acts as ligond for uptake o¥ :
* Remnant chfj\omicron.
* Remnant VLDL.
Lipoprotein elevated : Remnont chglomicron and VLDL.
Lipid elevated : TAG and cholesterol.

ki ¥e@‘ffneasr:rowedition6
Ti uberoemp’dx/e xonthomao.
Palmar xoanthomao.

sr\sh& increased risk of CAD.

Recent modalities of treatment for
hyperlipoproteinemia 00:28:23

Type | : Lipogene Tiparvovec.
&ain of function LpL variont.
Type & (Familial homozygous hypercholesterolemia :
. Lomitapide : Inhibits microsomal triglyceride transfer
‘ protein (MTP).
MTP carries TRG to VLDL and chBlomicron.
Results in decreased LOL.
a. mipomersen : Antisense olisonucleo’dde ’cherapg.

ededs eAnoy

Biochemistry - v4.0 - Mamow 6.0 - 2022



[faasr s o B ]
28 Dyslipidemia

Hypolipoproteinemia 00:31:23
Tangier’s Disease :
Mutation of ABCAI gene > Decreased HOL formadion.
RBCAI transters cholesterol from peripheral organs o HOL
Clinical features :
enlarged greyish tonsil/orange tonsil.
Peripheral neuropoechﬂ.
Hepod'ospfe\'megmgr e &

Abetalipoproteinemia :
Defect in MTP :
Decreosed VLDL and chglomicron :

* Decreased Intermediote density lipoprotein (iDL —>
Decreased LOL.
* Deficiency of fot soluble vitamins (B,0,).
Clinical features :
Diarrhoea.
Failure to thrive.
Neurological manifestations.
Progressive pigmen’carg re’cinopoechﬁ.
r-\can’chocﬂ’ces.
Bleeding manifestotions.

LCAT de%ciencgj :
LCAT
Cholesterol + Lecithin —— > Cholesterol ester +
L,Hso\ec'rth'\n.
Tl:)pes :

Complete: Norum’s disease.
Partial ¢ Fish eye disease.

Norum’s disease : Complete LCAT deficiency :
Raised cholesterol and lecithin.

Decreased cholesterol ester and lysolecithin. g
Clinical features : %
Progressive cormeal opacification. <

ngresswe end s’cage renal disease.
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28

Question: A IS year old b05 presented with recurrent
episodes of abdominal painHis blood was drawn for
investigation and it looks like o cream of fomato soup. One
blood sample kept in the refr igerator over night, o. creamy
supematant \ager separated,

gruptive xanthoma. Lipemia retinalis m‘“‘{j white plasma.

Answer : This is a case of Type | ngerhpopro‘ce'\nem\a.

Question : A b05 presented with the SFol\owinS features. wWhot
s the diagnosis ?

Answer : This is o case of

T5pe I\ H5perhpopro&ememia.

Question : Can you correlate ¢
* Low level of HOL
* mononeuritis mu}hplex

o Hepa’cosp‘enomegalg.

Answer : Tomgier’s Disease
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LIPASES

ereak covalent bond : ester bond.
Triacyl &lycerol (he) —— alycerol + 3 Fatty acids.

}
) HaO
Class of hgdrolase.

Hormone Sensitive Lipase (HSL) 00:03:19

Location : Qdipose tissue.
Function : Hﬁdrolﬁse TAg stored in adipoca’(&s.

During ¥asﬁns state :
HSL
TAG 5 —> a monoacfjl 8l5cerol
a F\Cﬂl CoA
Fasting state S Active in: D Fasting
y a) Glucagon
&lucagon 3 Phosphorylated
| @
HSL

Inswlin = 1 Phosphatase

o Insulin
) — )
PO,

Inoctive

“In diabetes, HSL is active.
Hormone sensitive lipase

s e
ines

Activated ACTH, TSH
fosi ~ dlucocorticoids / thyroid

Inswlin
Nicotinic acid
PG &1

Biochemistry * v4.0 + Marrow 6.0 + 2022
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Lipoprotein lipase (LPL) B 00:14:53

Anchored to endothelium of capillaries in heart, adipose
tissue, spleen, renal medulla, aorta, diaphragm, lactading
mammary gland.

Anchored to wall bU o GAG > Heparan sulphate.

Injection heparin = LPL dislodged.

Activated b5 apo C I\

Action : Hydrolyse TAG in chylomicron and VLOL in fed state.

Hormone * Insulin increases expression of LPL.

Hormone sensitive lipases vs lipoprotein lipase  00:20:30

HSL LPL
Location —> nclipoc}jte Capil\aries
Action — Hgdro!gse TAG In Hgdrolﬂse TR In
Adipose tissue Chylomicron, VLOL
Action — Fas’dnS Fed
@marroweﬁition6notes Y
Glucagon Insulin

In DM : HSL will be activoted and LPL will be inhibited.

Hepatic lipase 00:23:25

Location : Sinusoidal surface of liver.
metabolism of ch5|om'\cron remnants and conversion of
HDLa5 to HDLa.

Endothelial lipase 00:24:30

Action : HDL3 \ > HDL’a
fre. B upL

eoeds eAoy

Pre B HDL : Poorly lipidated, most active HOL.
Absorb moximum cholesterol $rom peripheral
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Intestinal lipase 00:25:40

Hydrolyses TAg (die&ou@ in intestine.

|

Faﬂ3 ocid + leﬁcerol

MCQS *

L In o type | DM, which of the following is correct ?
A. Activation of LPL and activation of HSL.

®. Activation of LPL and inactivation of HSL.

C. Inactivotion of LPL and inactivation of HSL.

D. Inactivation of LPL and activation of HSL.

@marroweditionénotes

Active space
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Amino acids
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30

CHEMISTRY OF AMINO ACIDS

Problem based questions 00:00:26

In HbS 6™ position of beta. globin chain, glutamate is replaced
by valine. In deoxygenated state, what Kind of mutation leads
to polymerization of HbS, leading to sickle cell disease?

Answer : Nonconservative mutodion.

Assertion (A) : Leucine is present in the interiors of albumin.
Reason (B) : Leucine is a non-polar amino acid.

. AandR are true, R is the correct explanation for A,

il. Aand R are true but R is not the correct explanation

for A
ili. A and R are false.
iv. Ais true but R is false.
@marroweditionénotes

Answer : A and R are true. R is the correct explanation for A

Introduction :

H

|
NH_— C — COOH
|

R a - corbon

-QEBREEA 58 84a0 NG
Alpha. amino acids :
AMino and carbox5l group are attached to odpha

coarbon otom.
most amino acids belong to this group.

Non-olpho. amino acids *
B alanine, B aminoisobutyrate Y isobutyrate.
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Classification of amino acids :
* Based on side chain.
* Based on side chain characteristics.
* Based on metabolic fate.
* Based on nutritional requirements.

Classification of amino acids based on side chain :

H H
l |
MHa— C —COOH + NHa_ C — COOH
1 |
R R

Forms

@%%??8wedition6notes
&ond

Peptide can only form hydrogen bond.

In o long polypeptide chain, there is free ionizable group ot
the ends -NH_ group ok one end and ~COOH group ot the
other end.

Charocteristic of polypeptide chain is determined by the
voriable side chain.

nl'\phai:ic amino agcids *
* Simple amino acid, example : &lycine(@ly/& and
alanine®lo/m.
* eranched chain amino acid. example : Leucine (Leu/L),
isoleucine (1s0/D, valine (Val/V). Cmnemonic - LIV].

Hﬂdrox5 group con’cajn'\ng oMino acids :
serine (Ser/9), threonine (Thr/T), tyrosine (Tyr/W.

Sulphur cor\’caining oMiNo acids ¢

Cysteine (Cys/©), methionine (Mmet/m.

Biochemistry « v4.0 < Marrow 6.0 « 2022
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Amino acids
Acidic amino acids :
Contain COOH group in the variable side chain.
example : Aspartic acid (Asp/D), glutamic acid (Glu/®).

Amides :
Contain CONH_ group in the variable side chain.
example: Asparagine (Asn/ND, glutamine @n/Q.

Basic amino acids *
Histidine (H5s/ W = Contains imidazole ring in the side chain.

Arginine (ﬂra/ R) : quanidinium group.
Lysine (LBs/ ¥ : gpsilon amino group.
MHa MHa

Aromadic amino acids :

* Phenylalanine (Phe/P) : Benzene ring in the

side chain
* Tyrosine (Tgr/\/) : Phenol ring in the side chain.
* Tryptophen STIR/UD indaleiring in the side chain.

O L

penzene Indole (benzopwro\e)
Ring Phenol Ring
Qing

Imino acid amino acids :
Proline Pro/P) : Pyrrolidine ring ; Alphoa. carbon atom is a. port
of the ring,

eoeds eAloy

N Qa - corbon
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Classification of amino acids based on side chain
characteristics 00:17:50

Globular
Protein

Interior (non polar)

exterior (polar)

Interior of a. globular protein contains non—polar amino acids
(not soluble in water).

exterior of a globular protein contains polar amino acids
(soluble in wake).

Conservadive mutation : An amino acid is replaced b}j another
omino acid of similar characteristics by o missense mutation.
example : One polar m‘“@ﬁ%ﬁé%@ﬁﬁfb%ﬁ'@ﬁg?r polar
amino acid,

Non-conservative mutadion : An amino acid is replaced b3
another amino acid of ditferent characteristics. example : In
HbS, glutamic acid, a. polar amino acid is replaced by valine, a.
non-polar amino acid,

AMINo acids
Polar * Non polar
~* 3 8AENRAD SXeve
7 Charsed S c\:\arge d Aromaodic
K : * Sulphur
g Contrni
e ni
®* Basic 9
. Simple s
* Imino acid g
B
Charged amino ocids : <

Acidic and basic omino acids.
* HAcidic : Aspartic acid, glutamic acid.
* Basic ! Histidine, Arginine, Lysine (Mnemonic : HAL).
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Amino acids
uncharged amino acids
* Contain hﬁdroxﬂl group : Serine, threonine.
* Amides: Asparagine ond glutamine.
* Sulphur containing amino acid : Cysteine.
* Simple amino acid : &l}jcine.

most polar oamino acid is arsinine.
Least po\ar amino acid is Slgc'me.

Non polar amino acids :
* Branched chain amino acids LIV).
* Aromoatic amino acids except histidine.
* Sulphur containing amino acid + Methionine.
* Simple amino acid : Alanine.
* Imino acid ¢ Proline.

Classification of amino acids based on metabolic 00:25:54
@m M@@iﬂT&MQfe
hetogenic Both Ke’coaenic &lucoSenic

* Leuw and glucogenic * Al others

® L.BS * Fhe
® Iso
e Tﬂr
b Trp

Ketogenic, glucogenic and both ketogenic-Glucogenic amino
acids.

Glucogenic amino acids provide glucose in the fasting stage.
Ketogenic amino acids provide ketone bodies in prolonged
starvodtion.

eoeds aAnoy

Ketogenic amino acids : Leucine, lgsine.
Both Ketogenic and glucogenic amino acids ¢ Phenglodan‘\r\e,
isoleucine, ’njrosine, ’crgptophan.

educogenic oamino acids : All others.
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Amino a Leave Feedbac

Princip\e 3|ucogenic amino acid is alanine.

Classification of amino acids based on nutritional
requirements :

m&riﬁonal\g essential and m&riﬁonal\g non-essential amino
ocias.

r\u’criﬁonal\ﬂ essential amino acids :
Cannot be synthesized in our body (akes > steps o
synthesize).
Couse negative nitrogen balance i not taken through
diet.
example : Methionine, Threonine, Trgp’cophan, Valine,
Isoleucine, Leucine, Pheng\odan‘me, Lysine, Histidine, arginine
(semi essentia).
(Mnemonic : METT VIL PhiLy + histidine, arginine).

r\u’cri’donal\g non - essential amino acids : Can be san’chesized
in owr body. @marroweditionénotes
every protein has an amino acid score based on amount of
essential amino acids.

Oomp\efe pro’ce'\n : Contains all the essential amino acids.

Derived amino acids 00:33:58

Derived from a. standard amino acid.

Standard amino acid Derived amino acid
Codon i -
modification | Translational/co—translational | Post translaional
example Lysine Hﬂdroxglgsine

Clossification of derived amino acids :

Seen in protein : |

Hgdroijjs'me ond hﬂdroxaprol'me : Formed b5 hﬂdrox5la’don
b5 hgdroxglase enzyme. The5 are present in collagen.
vitamin C and alpha ketoglutarote are co factors for

Active space
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Amino acids
hﬂdroxglase enzyme.
Gamma carboxy glutamate : Require gamma carboxylation.
Vitamin ¥ is required,
example : Clotting factors -a/1/9/10, protein ¢, protein S,
osteocalein, nephrocalein and madrix glutamic acid proteins.

Desmosine :
Derived from Bsine. It is present in elastin.

metha\ Igsine :
Present in skeletal muscle protein (nyosh).

Not seen in protein :
* Omithine, argininosuccinate, citrulline (Part of urea
cycle).
* Homoserine, homocysteine (Sulphur containing amino
acids).

Selenocusteine : .
Y marroweditionénotes
* Stoandord amino acid.

* Codon is UGA (stop codory.

* Formed b5 recoding —> Stop codon is converted to
coding codon.

* Co—translational modification : Serine (precursor amino
acid) = Cysteine > Selenocysteine.

* Proteins/enzymes containing selenocysteine :
Thioredoxin reductase, glutathione peroxidase,
deiodinase, selenoprotein P, glycine reductase.

* Selenocysteine is also called as a* protein forming
oamino ocid.

Pyrolysine :
* 33™ protein forming amino acid,
* Codon is UAG,
* Formed bﬂ recoding.
* Precursor amino acid is lysine.

eoeds 8AlOY
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Properties of amino acids 00:43:38

AMINo acids can :
* Absorb uv light.
* exhibit isomerism.
* exist in ditferent charged stotes.
* exhibit buftering capacity.

Absorb uv \'\Sh’c :

* AmMiIno acids are colorless as ’cheB do not absorb visible
lis\'rk.

* Proteins can be estimoted b5 v absorption
spectrophotometer as amino acids can absorb uv light.

* AmMino acids absorb as0-390 nm of WV light. Maximum
absorption is for 380 nm.

* Aromatic amino acids absorb UV light as they have
coqjusod'e ring structure. example : Trap’cophan

Graximum); phenyaaping, 0 tionsnotes

exhibit isomerism :

AMINo acids exhibit isomerism due to asymmetric carbon
ofom. Four valencies are occupied by four ditterent groups
except slgc‘me. Glycine is optically inactive and do not exhibit

isomerism. .
6\\5(‘.\\‘\6 :
H H
I |
NH — C — COOH NH_ — (;/ — COOH
[
R R
D and L isomerism :
H COOH COOH W
e ol N /S g
C | C @
P : 7 o
NH, R R NH_ 3

mMirror imases

Due to presence of asymmetric carbon atom, mirror images
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Amino acids

in structure can be seen.
Th85 are known as D and L isomerism.
mMost amino acids exist in L form as enzymes can act only on
L amino acids.
Racemase is an enzyme that converts D form to L form.
Hence, it can act both on © and L forms.
D-aspartate and D-serine are D amino acids present in brain.

Isoelectric point 00:49:26

NH, group con o.ccep’c o pro’con ond con exist as NH;
-COOH group can liberote o pro’con and can exist as COO~
S0, there are two ionizoble groups.

lonization constant (pK) is a. particular point for an ionizable

group. - @marrowedition6notes

Isoelectric point is average of the ionizofion constants of the
ionizoble groups present in the amino acids. Isoelectric point is
(prrpr/a = pl
when the pH of the medium is equal to pl, then the protein is
called as 2witter ion or ampholytes. In o 2witter ion,

positive charges = negative charges —> Neudral.

AtpH=p':

pH = 4.7

T ThargiifnBRTEIREIRESM

* No mobility in electric field,

* Connot attract net water > No shell of hydradtion.
around the protein = mMaximum precitability and
mMiNINNUIM solub'\l'\'(g.

* Least buttering,

eoeds 8AnOY
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¥ pH < pl => Positive charge (protonated).

Albumin is negatively charged in blood as pH of blood is more
than pl of albumin.

In the stomach pH is less than pl of albumin. Hence albumin
carries positive charse in stomach.

Butfers are solutions that resist changes in pH.

Henderson Hasselbach equation : pH = pia. + log (base/acid)
Moximum bufSering capacity is seen i pH = Pria. example

: Imidazole group of histidine (pra. = 6.5 o 74 = pH of blood).

Active space
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FIBROUS PROTEINS

Structural proteins : Collagen, elastin, kerodin, Rbrillin, laminin.

Collagen 00:02:07

mMost abundant fibrous protein present in extraceliulor
modrix.
most abundant protein in the bodﬂ.
Highest dens'rtﬂ in : Comea. > SKin,
Structure of collagen
Triple helix :
3 Polyproline & chain.
Single po\5 proline & chain = algcine~'x-\/ repeat.
every 3™ amino acid —> glycine.
X, Y = Hydroxy proline/Hydroxy lysine
goch & chain made of 1000 amino acids
Mostabundant amino egidisglycine.
33% ot & chain is Qlycine.
Recurring amino acid.
goch & chain twisted in left handed direction.
3 @ chains together twisted in right handed direction.

Quarter s’caggered arransemen’c :
e i e
I/4* distance \ < .1 \

away From 1 1 /eovalent
first lager cross links

Synthesis of collagen 00:10:32

eoeds 8AnOY

K conbe:
Intracellular : ReR of fbroblast.
extrocellular : extrocellular modrix.
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Intracellular events :
* Hydroxylation of proline and lysine residue
| Vitamin ¢, @ ketoglutarate
ey proly/ lysy| hydroxylase (monooxygenase)
* @lycosylation of hydroxy lysine.

* Intra. chain and inter chain disulfide bond formadion.

* Formation of triple helix = &olg\ apparotus

31  Fibrous Proteinsmmi8
Leave Feedba

Procol\agen packed into secre‘cora vesicle.
Transported to extracellular modrix.
extracellular events :
Cleavage of Nand C *cem'\n(ﬁm%ﬁw'
Assembly of collagen fbril into quarter staggerred
arromgemen‘c.
Formadion of covalent crosslinks.
Types of collagen 00:18:27
Type Tissue
\me) | most connective tisyugsnnghdiRafon6notes
1! Cartilage, vitreous humor.
i extensible connective tissues such as skin, lung and
vascular sgs’cem.
v Basement membranes.
Vv minor component in tissues oon’cainins collagen |.
Vi most connective tissues.
VI Anchoring Rbrils.
VIl endothelium, other tissues.
1% Tissues con’tajnir\s col\agen [\
X nger{roph'\c car’dlase.
X\ Tissues con’tajning collagen I\
X1\ Tissues containing collagen .
X1\ mMany Tissues.
XV Tissues con&o.jnins col\agen \ g
XV | many Tissues. g
XV\ many Tissues. 3
XVI\ | Skin hemidesmosomes.
XV f mMany Tissues.
x| eablenorsancsle
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Major collagen present in bone : Type | (90%).
Major collagen present in dermis, ligaments and tendons :
Type | (BO%,).
Major collagen present in cartilaae : Tuoe It (40-S0%).
COI\asen fgpe in dermo epidermal junction : Type VL.
Major collagen present in Rorta.: Type | § Type Il (30-40%
each) and Most abundant collagen : T ype I
Collagen in wound healing = Type |, i and I involved.
m/e Tgpe | col\agen.
Type of collagen and associated disorders 00:23:26
Type of gene or Disease
___collagen enzyme L i 4151
Type | COLIAl and | Osteogenesis imperfecta,
COLIRa Osteoporosis, ghlers-Danlos
7 7 | syndrome (Type Vil £05)
Type I | COLAA I ‘ cknndrOdHSPlasigs Qsteoar&riﬁs
T}jpe ||| COL2A | “ ghlers-dDanlos sn:jndrome (lepe, \Y]
- .| e0%) Lmost serious] -
OTITAITOWEdTtronmanotes — SR
Type v COLAAZ- | Alport syndrome (mcwmg both
COL4RL autosomal and X-linked forms)
Type vV and COLSHI, 7 Classical €05
Type | COLSA3,
COLIAI
Type M COL3AI Hypermobile €DS (Type INl £DS)
Tenascin
, x& (TNX®) ~
Type VI COLTAI &pidermolasis bullosa,
dﬁskmphic
Type X COLIOAI Schmid me’mphgseal
) chondrodysplasia.
L555| L5551 ghlers-Danlos 55ndrom
| hydroxylase hydroxylase (Type VI £09)
§ Kgphoscolio’cic E:D§ Seurvy
§ Procollagen ghlers-Danlos syndrome
B N-proteinase | (ype VIl autosomal recessive)
(also called as | Dermatosparaxis type
7 ADAM TSA)
Lysyl Lysyloxidase menkes disease (ATPT8)
oxidose (Requires Cw
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villefranche classification of €DS :

1. ngermobili{g Type W collagen, tenascin X
a. Classical Tgpes | and V co|\a5en
3, Vascular Tgpes ||l col\asen
4, hﬂphoscoliosis Lgsgl h5drox5lase
S. Arthrochalasis T}jpe | col\agen
ADAM me’mnopephdase with
b. Dermatosparaxis thrombospondin tupe | moti® B
(ADANI Sar, [
Elastin 00:35:21
glastic recoil.
Lung, large arterial blood vessel, elastic ligaments.
Col\asen glastin
I Tﬂp&s many onl5 |
a. Triple Helix @marrowetitionpnotes—
3, elg—-x—v + -
4, Presence of hudroxy lusine ‘ + -
ydroxy ly |
. i =
S. @uycosylation *
g |
b. Cross links | Aldol Desmosine
i
7. Extension peptides f = =
R B ) o
Disorders associoted with elastin :
william Beuren sgndrome.
Cutis Loxo.
Desmosine requires 4 lysines.
Keratin 00:38:54

Protein present in the hair, nails and outer layer of skin.
Alpha. helix cross linked bﬂ disulphide bond.

Rich in c5steine.

Horder the keradin, more is the disulphide bond,

Active space
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Fibrillin-1 - 00:40:18

Large Slﬂcopro’ce'\n.
Structural component of microfibrils.
Scaffolds For deposition of elastin.
Mutation in gene for Rbrillin-I leads to Marfan’s syndrome.
Also : Acromicric dSSPIasia.
e\eleoph5s‘\c d5sp|asia.
Congenital contractural amchnodac’cfjl :
Mutadtion in the gene of Fibrillin & CChr S1.
This is important in deposition of microfibrils.
Eaﬁg in the development.
Clinical features : Contractures, Arachnodactyly,
Dolichostenomelio.
Classical epidermolgs'\s bullosa. : Mutation in Keratin-s.

MCQS *
which i the following is not a Rbrous protein ?
A C’o“aser@ marroweditionénotes

8. glastin.

C. Keratin.

D. mgoglob'm.

Desmosine cross link is found in
A. elastin.

8. Keratin.

C. Collagen.

D. Silk Kbroin.

€. Laminin.

which of the following regarding Kerodin is false ?
A. Present in hair, nail and outer layer of skin.

:%’. ®. Rich in cysteine.  60c6b3ecaas8dedOede7e5ea?

f'éf C. Beta plated structure.

® D. The more the disulphide bond in the Keratin harder the
structure.

€. leha helix cross linked b5 dismphide bond,

Biochemistry_ *v4.0 - Marrow 6.0 + 2022



]
31 Fibrous Pr teins

The disorder associated with deletion of elostin gene is
A. Marfan syndrome.

8. Congenital contractural amchnodac’cg\g.

C. €0DS.

D. William Beuren 33ndrome.

€ Epidermolijsis bullosa.

which of the ¥ol\owin3 statement regarding streuture of
collagen is/are false ?
A. Forms unique triple helix.

el yenedinva Seses7Y pattern.
C. Eash polypeptide chain is twised into right handed
polyproline helix.
D. each polBPep’dde is approxmodcelg I000 amino acids.
€. Type I O glycosidic \inKoge present.
Recurring amino acid present in collagen is
A G\}jcine.
8. Proline.
C. Hgdroxgpro\ine.
O. Hﬂdroxalgsine.

@marroweditionénotes

Madch the following :

epidermolgis bullosa. Type VI collagen.

Alports 55ndrome * Type WV collagen.

menkes disease : Lysyl oxidase.

Seurwy : l.535| hgdroxﬂlase.

Schmid me’caphSSeod chondrostplas\a * Type X collagen.
OA: Type I\ col\agen.

The gene defect in alport androme is

A. COL 3Al. C. COL 4Al
8. COL 2Al, D. COL Al
of collagen found in anchoring fbrils ?
The ’que collagen i ing i :
A Type I. C. Type V. a
2
e. Tﬂpe . D Tape VI, §

Biochemistry * v4.0 - Marrpw 6.0 - 2022
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GENERAL AMINO ACID METABOLISM

Deamination & decarboxylation 00:01:04
i H .
deamination decarboxulotion
©=C=COOH €~ NH = C=COOH — |~ NH, = CH,
| NH a cO |
3 | a
R R R
a - ¥eto acids
Handling of amino group :
. Transaminotion.
a. Transport of ammonio.
3, Oxidative deaminadion.
Transamination 00:03:55

Definition : Transter of amino group from one amino acid

0 o REHB'RET LG YOYHT arotrier pair of amino
@A e ASithtes

Takes place in all organs/cells.

Ammonia is not released ¥ree|5.

Reversible.

Coenzyme : PLR

Orsanel\e : cg’toplasm

examples :
I S&PT/ALT (Rlanine a. seOT/AST (Aspartote
Aminotransferase) Aminotransferase)

Alanine > Ca Ketoglutarate | Aspartate \&a retoglutarate

Glutamate Oxaloacetote Glutamaote

PE}“ uvote
(specific) (non specific)

Transaminaion is specific for one pair of the substrate but
not specific for the other pair.

a amino group of any & amino acid is getting concentrated
as glutamate (only amino acid to undergo oxidodive
deaminadion.

Biochemistry * v4.0 + Marrow 6.0 + 2022



Ping—Pong mechanism : Two substrote two produc& reoction.
Bibi reaction.

a ketoocid He&oglu&aro&e alutomate

& ®) €
a amino acid\ /

eiosan{'hesis of non-essential amino acids :

(04 Ke’(oglu’taro&e — Glutamate
Pgmva‘ce — Alanine
Oxoloacetote — Aspour’coece

The non-a& amino group that undergoes fransaminadion :
0 amino group of ornithine.
gnzyme 0 Ornithine aminotransferase.
De%ciencg * @yrode atrophy of retina § choroid,
Treatment : Restrict omithine § arginine (source of
ormithine).

Qives coggmryme s EefionGnotes

Sources of ammonia 00:20:05

a amino group amino acid (getting concentrated as
glutamate).

Non-protein nitrogenous substances (NPND.

AMINo sugars.

qut bacterio.

Transport of ammonia from most organs
(including brain) 00:20:33

Q omino group Concentroted os Slu’tam’ce.
Other sources : Release NH_ (foxic).

Alpha. amino acid = Glutamodgd * ~
G&lutomine
Other sources —> @ Synthetase
ATP
glutomine

Biochemistry - v4.0 - Marrow 6.0 + 2022
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Glutamine is a transport form of ammonia from most |
organs (including brain.

The reaction takes place in mitochondrio.

First line frapping of armmonia.

Ligase reaction.

Tox'\ci’o:j of ammonia 1o brain :

(V)
i NH, + R > NS (impermeable)
(excess)
Blood-brain barrier
a ve > Glutamate ——> @lutamine 1
Glutomine
. Sﬂn'the'mse
Coa
’ E H.O
V| @ K& depletion Y a cpen
(\nhibi’corg
neuwrotransmitter)
\\Z J/ N
{ TCA Cucle CNIS depression Cerebral
edema.
J @marrowedition6notes
J ATP Production
\‘ ATP depletion
Transport of ammonia from muscle 00:30:01

a - amino acid x a g
a - vveto acid Glutomote Pbruwo&e

a Kve K Alanine

In the muscle, glutamate is converted back into
a —ketoglutarate and pyruvate takes up amino group and
becomes alanine.
Alanine is the transport form of ammonia in the muscle.
Final destinadion : Liver (urea. synthesis can only toke place in
the liver).
Glutomate a g
mMuscle Alanine Transaminadion

PBruVodce
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Glutan}atg metabolism

00:33:17

Glutamine (most organs) § alanine (muscle) are
concentrated as glutamote.
Glutamate undergoes oxidative deamination in the liver.
Oxidative deamination :
Glutamate Dehydrogenase (GDH)
Glutamote > awa
r\lHa
NRD(P)+ NRADPH

NH, (released freely) : enters urea cycle.

GQDH can use either NAD+ and NADP+ as coenzyme —>
forms NADH and NADPH respectively,

GDH oxidative deamination takes place in the liver §
Kidneij.

Reversible reaction.

Organelle : mitochondrio.

Allosteric activator : @fharrowedition6notes
Allosteric inhibitor : ATP/GTP/NADH.

Trans—deaminadion : Transaminadion (occurs in all cells) i
coup!ed with oxidative deamination
(occurs in the liven).

Active space
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UREA CYCLE AND DISORDERS

Introduction 00:02:13

Also Known as @ Kreb's Henseleit cycle (scientist’'s name).
Omithine cycle (ornithine 1s regenero@ced).
Urea Bi-cycle (inked to another c5cle).

n5par’codre
/’___\‘}
'\-——’/ @
Fumarote
rreb’s % Hreb’s - Henseleit

c}jcle \ cgcle
Hreb's bicgcle
Sources of akoms: of g o) I 0COSNH,

Voo

MH3 C,Oa nspar’co&e

Compounds consumed in the Urea. eycle : NH, (ammonia), CO,
and, Aspartate.
Site : Liver (exclusively.
Orsanel\e : %bplasnx and mitochondrio.
Other pathways taking place in both cytoplosm §
mitochondria. : HUG Porkhwafj

* Heme 35n*c’nesis

* urea cacle

* Gluconeogenesis

* Pyrimidine synthesis
Rote limiting step of urea cycle : CPS | (C,arboanI phosphate
synthetase D

2oeds aandy
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Urea Cycle and it

Disorder:
Reactions of urea cycle 00:07:35
CO, + NH,
Carbamoyl po, | & ATP N - Acetyl Glutamate (NAS)
synthetase | g a~Po,
Cersi] . 3 ADP

Carbamoy| PO, (CF)
Ornithine Trans

b
Cax amog\ase GSPar’co&e
C otc] /\ .
Omithine Citrulline
' %par’co&e/
glutamate
7C tr ter
_ Citrulline + L\SPouchoece anspor
Ornithine Ars'\n'\noSucc'\nadce
tros schr’cer s S-:jn’chekase
Omithine TG ™ P )
ureo. Arginine Arginino | AmP
NH - CO -NH succinate (AS)
a 3
. i
frgnase Q@Tpguowedition6ydRsey
( h}jdro\ase) o Argininosuccinate

Lﬂase

CPS | Rode limiting step.
uses a hish energy PO.,.
N acetyl glutamote (A& is the obligate allosteric ,
activator (positive) of the first step. ' .
gnergetics '
CPS-1: a~PO, (3 ATP —> 3 ADP)
Argininosuccinate synthetase : a~PO, (1 ATP = | AMP)
* Total : 4¥RO,.
* 3 ATPs used direc’d5
* 4 ATP equivalent used
Qeguda‘don :
Dietary : Increased protein intoke induces urea
chle enzymes.
NAG is o positive allosteric regulator of CPS-I.
Compartmentation: partially in mitochondria § partly in
the %{op\asm.

Active space
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Urea Cycle Disorders 00:20:40

CO, +NH'
CPS | Hﬂpemmmonemia

i |
Carbamog\ Phospha‘ce L Citrullinemia

oTC i
HﬁPefmmﬂemy‘\/_\ pspartate I
n Il TN CHrin
b, o Bt Citrulline
Ornr\’h\r\e \‘

fransporter
v
HHH
QSPM

tote
s i AS Synthetase
Ornithine Citrullinemia

Arginase /XS\ tgpe '
nrsinowccinoece

Araininemia. 2o
5 Arginine \_+/ )
nrsinowccmo&e

r-\rs'\nowccinic Lgase
. _acidur'\a
@marroweditionénotes
Hyperammonaemia & plasma glutamine © 00:24:22

Qelodc'\onship between h}jperammomemia ond p\asma
Slu’camine :
ol | NH, = Glutamate

y
1 1 dutomine
Tgpes :
& | )
Tl.jpe—l TBPe-a
r\lH3 2 t\l\-\3
Plasmo. glutamine > Plasma. glutamine

S i ape—a ngemmmonaemia :
Defective enzyme : OTC.
uroacil is increased.

Biochemistry * v4.0 - Marrow 6.0 + 2022
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NH, + CO

(‘,ﬂ&oplasm
N /
e~ (O . -

///\‘<

™~

§ cP
Cit \
Pgrimidine sgn’thesis
(‘,S’cosine T J

Uracil € (Orotic acid)
Thymine & Ume) |

' | parim'\d'\nes

Charocteristic features :
* x-linked partially dominant (only males ofSected.
* Increase orotic acid secretion.
* most common ureo. cycle disorder (40%).

Trichorhexis nodosa. :

TuPted hair. @marrowedition6notes
Seen in ars'\n'\nowc(‘,inic ocidurio.

HHH androme :
ngerwnmor\aem'\a h}jperom&hinaemia
homocitrullinurioa sgndrome.
Due 1o defective omithine transporter :
* Ornithine accumulotes —> ngeromi’chinaemia
* No ornithine : CP had nothing to combine with =
hgperammonaemia
* CP combines with lysine : homocitrulline —>
homocitrullinurio.

Arsinemia :

Least hﬂperammonaemia : nrsinase iS the last enzyme.

Arginase has a isoforms.
Progressive spastic diplegia. § seissoring of gait.

Biochemistry + v4.0 «+ Marrow 6.0 + 2022
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Clinical features & investigations of urea cycle
disorder 0:33:40

Clinical features :
l. &ncephalopo&ha
3. Respiratory alkalosis : T NH, = Hyperventilotion —>
Tachgpnoeo. —> CO, washoudt.
3. H}jpero\rmnonaemia
4. NeoHates proverr s ie8ting ditticulty, lethargy,
vomiting, failure to thrive, convulsion.

Tagh}jpnoea.
\n\/esﬁsochon :
Blood pH level
|
;
Low pH (acidosie) High ph (alkalosis)
V y
Organic acidurio urea cgc\e disorder
¥
@marrowedi&9Pd ﬁﬁf’@gf aminoacid elevation
A o
+ -
1 argininosuccinate : AS aciduria goﬁc;/acid e)le\Jaﬂon
o ) ) lood/ urine
T Citrulline @ Citrullinemial €+ Type-a A
T Ornithine : HHH syndrome (LU Type-I HA
T Arginine : Arginemia.
Treatment 00:39:27

First-liné treotment is arginine

* gssential amino acid

* Provide omithine

* Positive regulator of NAG synthase = increase NAG —>

+ CPS~

Contraindication : Do not give in arginase defect.
Second line ¢ F\cjloedon kherapg

* Sodium benzoote and phenglbu’(gro&e used.

eds aanoy
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Phengl bu{'gra{'e \me&abol'\sed

SCAVENING
OF NH,

QACS{'IO"\ : The S\Ven toble s the |5.B\4\o-‘nﬂuwrwvul="lwn67
Suspechns ureo. cgc\e disorder. \den’d%‘—g the enzyme involved

Pheng\ ocetote

—

N%

Phen3| o&e’gl Slu@camine

excreted in urine

Glutamine < MH3

Sodium benzoate Y Glycine <= NH,

6en205| Slﬂc‘me

in the correct sequence.

.~

infant | Urine orotate | Blood citrulline | Blood Blood NH,
arg'm‘me
| Low Low Low Hiqh
a - HigRD T AITO VY €6t O N Mg S
(>1000 Uy

3 - - High modero&elg
hish

4 High Low Low Hish

oPﬁons :
A. CPS-I & Argininoswcino&e an’d'\emse
8. OTC D. nrginase

Answer : 1-A, a-C, 3-D, 4-B.

Question : A b month old b05 admitted with failure to thrive

Urea Cycle and its 2
Leave Feedba

Disorde

with high Glutamine § uracil in urine, hypoglycemia, high blood

ammonio. Treatment given for & months. At 8 months again
admitted for failure to thrive to gain weish’c. Gastric tube

$eedin3 was not tolerated. Child became comotose.

Parental dextrose given. Child recovered $rom coma within
a4 hrs. What is the enzyme defect ?

8. Ornithine &ranscarbamoglase.

O. nrs'mosmcinoece an’(hetase.

A. CPSL.
C. nrg'mase.

Biochemistry + v4.0 « Marrow 6.0 + 2022
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Amino acids
AROMATIC AMINO ACIDS
" "t nenyraranine and tyrosine: Structure 00:00:37
|
\ Y
Phenu:jhlan'me T5rosine
J J
H *:
NM_ —C— COOM flanine NH, — C— COOH
o Benzene ring '
[ | CH,  eenzene ring
CH
‘ One Hydrogen (H) ‘ i
@ o girony
l 5roup ow
Pher\3| i l
Phenol ring

gssential amino acid (AR Non essential amino acids
nic ©&oth He’cogenic 2 3iucogen‘\c

Both ketogenic § glucoge
" :@mm% C?Jc\{g@%ltm@.@%%on polar among non-

Mon—po
polar aromadic amino acid,

Phenylalanine & tyrosine: Metabolism 00:06:25

Phenglalanine —_ T5r<>|sine
N4 Y
Cotabolic Anabolic
TBrosine transaminase |
T5r05|r\ase |
hgdrox5lase
melonin  Catecholamines Th\tjrox‘me

he{'osenic TBmSi
+

alumsenic

Phenylalanine hydroxdyase
Phengelonig o > Thshe
aTP cﬂdohgdrolase Tetrahgdro“ D\hﬂdro—
&TP > —> —> = —>biopterin biopterin
W, Grecranmee— B,
. Dihydrobiopterin reductase
NADP'  NRADPHH

ededs eA|OY
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Properties of this reaction :
®* \rreversible reoction.
o Phenﬂlalanine throxalase is monooxygenase.
Concepts of Phenylalanine hydroxylase PAR :
. Phenylalanine > Tyrosine
T sz i
TN
Phgenﬂlalan'me is an essential amino acid.
Tgrosine iS a. non essential amino acid.
a. Phenglodanine doesnt have any function in the bodﬂ
per se.
It converts into &5ros‘me and enters into a. metabolic
pa’chuntj.
Catabolic fate of phenylalanine and tyrosine 00:14:06
Turosine -transam'\nqs_e
PAH @maseweditionbnotes
Phenﬂwcmine =T 3rosine S Pathdroxﬂ
phen5| parwa{'e
/\ e
a- he‘coslu{'aro&e Glutamaote PHPP
h5drox5Iase
Vitamin C (D‘\oxﬂsenase)
Homogenﬁso&e
ron (Fe*) Homosenkisafe
oxidose
d (Diox%enase)
ma}eglace’(oace{'o&e
(maR)
&SH MAA cistrans
Isomeroase
Fwnaru:jlacefoace’tate
FAR 8
/ FAA :
h5drolase '§
Fumarote Acetoacetate

&Iﬂcogenic fote he’cogenic fote
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* Classic phenylketonuria : Defect in phenylalanine N -
hydroxylase (PAHD.

* Non classic phenylketonurio type I § I : Defect in
dithrobiop’cerin reductase.

* Non classic phenylketonurio type v § v : Defect in
formation of tetrahydrobiopterin.

* Alkaptonuria : Defect in homogentisote oxidase.

* Type | tyrosinemio. : Defect in enzyme FAR hydrolase.

* Type \ tyrosinemia : Defect in tyrosine transaminase.

* Type I fyrosinemia. : Defect in PHPP hydroxylase.

Phenylketonuria 00:22:54

PAR
Phen5|odanine e > Tyrosine

Pheng\odan‘me enters into alternate metabolic po&hwaﬁs.

Transaminotion Reduction

@marrowegdBionaRRLes

+&lutamine | Conjugation
Phenylacetylglutamine

Phenfjl ocetote couses mousy bod5 odour.

T5rosine
melonin Cotecholomines Tharoxine
ngopismen’caﬁon Neurotransmitters

Blue eﬂés, blonde Meurok\;sical deficits :
hair, fair skin. Agitadion, hyperactivity
some dietary tyrosine mental retardation

is converted 1o melanin.

eoeds aAnoy

Couses of neurological manitestations :
In the brain : Phenalalanine, tyrosine, ’crgp’cophan passes
’dnmugh the blood brain barrier ‘\'hrOuah a transporter.
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In pheng\lﬁe’conuria, phenﬂlalanine soturates all transporters.

T Phenylalanine, | tyrosine, | tryptophan.
" Phenfjlodanine cannot do any function as it is unable to
convert to kBros'\ne.
L Phenglalan'\ne also prevents dietary tyrosine to enter
’chrough the transporter.

J Tyrosine : | Neurotransmitters, | catecholamines

| Tryptophan : | Serotonin

CIAMICOT et e It TRENES Intractoble vomiting,
misdiagnosed as conseni’caj hﬂper‘«ophic Pgloric stenosis.

Laboratory diagnosis and treatment of
phenylketonuria 00:33:34

. Guthrie’s test (Bacterial inhibition test)
Bocillus subtilis requires phenylalanine for growth.
¢ phenylalanine pre@tQ’;I N ‘o(?o%gdga%’c Gures
seen. -
In neonates, heel prick sample token.

a. Ferric chloride urine test :
I ml of ferric chloride added o Urine sample : Blue
green colour indicates a. positive test.
Transient reaction

3. Blood phenUNmine :
Normal : & - b mg/ dl.
230 mg/dl : bad prognosis.
4. enzyme studies
S. Ggenetic mutation studies.
b. Tondem mMass spectrometrﬂ * §old standard screening
method for all metabolic disorders.

Active space

Treotment :
* Restrict phenylalanine (cossova based dieb).
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* Concentrate of large neutral amino acid (BN2)} |
* Soapropterin dihydrochloride (Kuvan) : Synthetic BH,
* eneyme replacement ’chempg under trial :
Phenglodanine ammonio. |5ase.

Alkaptonuria 00:40:11
__ . tomooentised e - > Benzogquinone
>V'< Homogentisate Oxidase \LPO\Bmer'\se
Moyl acetic acid (MAR) Alkaptone bodies

Alkaptone bodies accumulate in nose, pinna. § sclera. : Black
spots.

Homogentisate excreted in urine, gets oxidised and

results in blackish discoloradion.

In infants, black/ reddish discoloration of diaper.

Increased discolorodion on washing with soop : ‘Alkalinization
mreases@a‘r’ﬁK eier?galgd‘ﬁﬁgﬁ'éinotes

No mental retardodtion.

Clinical features : Back pain, black spots/ pigmentation in
middle age.

Ochronosis : Alkaptone bodies accumulate in intervertebral
discs.

)

Garrod’s Tetrad : First inborn error of metabolism studied by
Archibald Garrod.

C- C,as’dnur [loN

A - Alkaptonuria

A - Albinism

P - Pentosuria

L,abora’corg diagnosis

Alkalinisation of urine : 1 darkening of urine.
Ferric chloride test : Positive.

AgNO, test : Positive

X = oy spine : Parrot beak appearonce.

aoeds aAnOYy
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Treotment :
Nitisinone/NTeC : inhibits PHPP hydroxylase and reduces
homosen’dsate.

Segawa sgndrome :

Autosomal dominant.

Clinical features : Dystonia. with diwrnal variation.
Females > males.

&TP cyclohydrolase enzyme is defective.

{ 81, but blood phenylalanine levels normoll.

Tyrosinemia 00:51:26

Type | tyrosinemia/ Hepatorenal/ Hereditary tyrosinemio.

A/K/A tyrosinosis.

mMost common gpe.

Hepatic and renal failure.

gnzume defect : Fumarylacetoacetote hydrolase.

RECOiE RGN e %éer;(]oz‘awfrbwedition6notes
Liver failure = mAT enzyme offected —>
accumuladion of methionine (boiled cabbage odour)
Resemble porphBria.
Treatment : Nitisinone.

Type I +5rosir\emio. :

A/K/A Oculocutaneous ’cgrosinemia/mchner hanhart
sijndrome.

enzyme deficiency : Tyrosine transaminase.

Clinical features : Corneal ulcer,

Cutaneous non pruritic hyper Kerodotic plaque.

Type I *}jfos'\r\en’\.la/ Neonatal tyrosinemia. : Least common
HowkKinsinurio. :

Mutadion of PHPP hydroxylase (partially active).
Gives swimming pool odour.

Biochemistry « v4.0 < Marrow 6.0 « 2022
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Anabolic fate of tyrosine 00:56:57

I. Cotecholamines :
Sﬂn’thesized in the chromafin cells.

Adrenal - 80% adrenaline
extro. adrenal : Mor—epinephr'\ne.
Nerve end‘mss ot sampodhekic ganglio.

Tijrosine
, Tyrosine hadroxglase
Dihydroxy phenylalanine OPA

| Dopo. decarboxﬂlase, PLP
Dopamine - Ist catecholamine

Dopamine betooxidase
Mor\ /ep'\nephr'\ne -
N -me{h5| S—adenosa\me&hionine

transferase s—adeno33|homoc53teine

(Oepinephving]ition6notes

S—adem55|nweﬂwbnine derived from methionine.

Dopamine Nor epinephrine gpinephrine
Cokechol-O-
l l mekh5ﬂrm\s$erase l
Homo vanillic acid  Nor metanephrine metanephrine

\ monoamino Oxidase

Van'\l\ﬁlmandehc ocid (vme)

2 Melann:
Synthesized in melanosomes in melanocytes (deeper
layers of epidermis).

oords aAlY
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Tyrosine
J/ Tyrosinase (requries Cu™)
Dihydroxy phenylalanine (MOPA)

Dopaguinone

SN

zumelanin Pheomelanin

3. Thgroxine :
Synthesized in thyroglobulin in thyroid follicles.
Has IIS fyrosine residues.
I£ iodinated : MIT - monoiodo thyronine
DIT - Dilodo {h}jmnine

Pheochromocytoma 01:05:01

Tumour of adrenal medulla
excess carecholamines.

55mp’(oms : d ¢
Profuse sweating, headac@empagpq %né gn%%n.

Diagnosis
a4 hr urinary examinodion for

. vani\\glmndelic acid

* Fractionated metanephrines (highly sensitive)
In plasma, catecholamines and free metanephrines.

Question : A patient has a. pill rolling” tremor, “cogwheel’

rigidity, bradykinesis, speech difficulties, and a shuftling gait.

The chemical that is Mirwg in this s5ndrome is a derivative
of which of the following amino acids ¢

A. Alanine.

B. serine.

C. T\\jrosine.

D. Trgptophan.

Biochemistry * v4.0 - Marrow 6.0 + 2022
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Question : A 4 month old infant normal at birth , developed
sudden twitching movement She noticed o mousy body
odour in her wet diaper. She was taken to o pediodrician,
sample taken from heel prick was send for Guthrie’s
bacterial inhibition test.
QD whoat is the probable diagnosis
Phenylketonuria (PHW.
QA what is the reason for mousy body odour ?
P‘nengl acetote.
Q2 which is the amino acid elevated here ?
Phengl alanine.
Q4) What is the bacterio employed For this test ?
Bacillus subtilis.

Question : What is the rakionale of using this Rx in PHU 2

Ans : In phenylketonuria, phenylalanine -
soturates all fransporters, ’cherebg not ; AL
allowing tyrosine % tryptophan to enter  Emcmmmmw———m
into the brain. LNAR has high amount of
grosir\e, @B%WGIQ\I&IS Q%g%%s
strong enough to compete with
phenfjlalanine.

Question : A S yr old boy presented with blue eyes, blond hair,
$auir skin, eczematous rash, unusual mousy odour forced to
eat fruits and other special diet.

Grow £ coll Phe 00 Spread on minimal Cels peranst, but do
rich medium

O DO

Place patients’ blood sam
ples onte ivoculated agar
bactera will grow around
samples containing excess
phem ladasine

aoeds aAloY

N

Answer : This is a case of Pheng\ ketonurio.
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Question : A 4 year old girl presented to Pediatric OPD with
complains of sudden weakness of both lower limbs
esPec\od\5 in the evening, but improves
n the mMorning. On ir\\/esﬁga’don,
Te&mhgdrobiop‘cerin level is reduced,
but PhenS\ Alanine level is normal.
what is your diagnosis ?

Answer : Segawa 53ndrome.

Question : \den&'@ﬂ this disorder associoted with cotabolic
pathuway of phengl alanine ?

Answer : Type I\ Tyrosinemia. (Hyperkerototic plagues, Corneal
ulcer). Aka. Oculocutaneous ’tgrosinemia/ Richner hanhart
SBndrome.

Question : A b month year old bog presented with severe
metabolic acidosis, ketosis, failure to thrive and unusual
odour of swimming pool as the weaning started.
urine Tandem Mass Spectrometry - Hawkinsin.

Answer @ HowKinsinurio.

Biochemistry « v4.0 - Marrow 6.0 « 2022
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Blonde hair, fair skin, blue milK5 white hair, more
eyes. depigmen’ced/ milky white

skin, red eyes. This is a
case of Albinism.

This is a case of PrHUL

mMelanine sﬂn{hes'lg s melanine sgxkhes‘\s S

ofected, ofSected.

Tyrosineds \ess 3 wesiition6no {Eyrosinase enzyme itself is

melanine. deficient.

But d'.emrB ’cgros‘me con be gven it die’car5 &Bros'me iS

converted to melanin. present, it can not be

converted o melanin.
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GLYCINE AND SERINE
Glycine 00:02:34
- —l‘.ﬁoxEj\o&e
Serine / ‘ -
, aluycine s e
Threonine ;‘50‘“3\/ J J
Cotabolic Anabolic >C,CN. of purine
| — Creatinine
£ 1 — Heme
Serine G\lgcine — Glutothione
l c\eowase
Pgm\/o&e sﬂstem

(3Iucogen‘\c AR

Chemistry : N — c CooH () Nopggmnetio/dooptically active

corbon atom

Non essential amino acid.
Purely glucogenic amino acid,
Polar amino acid.

Simple amino acid.

Glycine : Pathway 00:07:38

SHMT (PLP, Solit acid)
Serine GT——) Glycine SHMNT = Serine hﬁdroxﬂ
methylene THFA (P Carbor) methyl transferase

l
Pﬁmar5 donor of | carbon group

Biochemistry * v4.0 - Mar(ow 6.0 - 2022
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&lyoxylate alanine aminotransterase (PLP)

e\lgoxwo&e € > C-.\|5c'\ne
/N
Alanine Pgru\/oece
G\lﬁoxijlo&e Glutomate
(-‘.\I5cine Q. Ketoglutarote

Threonine aldolase
Threonne —m+—+> ;;wgcrne"

Gﬂgcine C,\ea\lage Sas’tem COSE
muRienzBme complex.
H - Protein (covalently linked to 3 enzymes).
D @lycine dehydrogenase : Cuts the CooH.
i Aminomethyl transferase : Separate methyl group.
i) Dihydrolipoamide dehydrogenase.

@mBYrrowedition6notes
i

w, e o (oo

| T co,
H
d
7N
THFA NN meth5lene'ﬂ-|Fn
Glycine : Anabolic fate & function 00:16:19
Creodinine e = = = 5
Glucine o.rsinine
| e e
amidinotransyerose Am  SAM
| | 4 .
e;\i.jcme quanidinoacetaote ——> Creatine
Kidney<—  + ; | Guanidino
> Arginine acetote me{'h3|
2 L Y — — Ihrans?emse
o methionine J
8 Liver
[

Creaodinine <——/—\—Cxeo&'me phospho&e

ADP  ATP
L |

muscle Lohmann's reaction

Biochemistry * v4.0 - Marrow 6.0 * 2022



SAM : S—nden055l methionine.
SAH : S—-nder\oSB\ homocBS&eine.
Creatine PO, : Immediate replenisher of ATP in muscle
(frst 3 - 4 seconds of exercise).
High enerqy compound,
o/K/a Phosphagen.

Heme :
Suc(;ing\ CoA + e\lgc‘me —> —> —> —> Heme

Glutathione :
C,,C., N of purine.
Neurotransmitter.
Conjugating agents : Bile acids.

Benzoyl Co A Hippuric ocid.
most abundant/ recurring amino acid in collagen
Induces bends in &° structure of proteins.

Glycine : Clinical correlation, .~ ditionGnotes  00:23:09

* Hyperoxaluria —— I°———Type | —> defect in Glyoxylate
——a° Alanine Aminotransferase
* Vvite deficiency —— L—Typed— defect in Gycerate
* Vit C toxicity — dehydrogenase/&lyoxylote
* methoxyblurane  — reductose
* ethyere Glycol | |
poisoning al5ox5hte accumulation
* enteric ] !
hﬁperoxaluria Oxaluria

I$ defect occurs in 6CS : Non—-ketotic hﬂperglﬁcmemia.

Serine 00:27:14

most common site of phosPhorﬁloec\on.
\l-! * Polar, uncharged amino acid
NH (:r — CoOH ¢ Non - essentiol amino acid

= OH . Pure\5 Slwcogen\c oamino acid

Biochemistry * v4.0 - Marrow 6.0 - 2022
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Can be an‘(hesized from :
C—.\lﬂcine > Serine.

3 Phosphoglycerate (2Pe.

mMetabolic functions :
Pr'\mour5 donor of | carbon group.

Serine T e\lﬂc‘me
me’chglene THFA

Cysteine sthhesis.

Phosphoedd\njl serine.

Sphingosine (serine + palmitoyl Co A).
Selenocgste'\ne precursor.

Serine % gthanolamine
co !

a

&lycoproteins Choline (Trimethy| ethanolamine)

! !
O-linked glycoproteins  Betaine (T rime‘d'\}jlglgcine)

@marroweditionénotes
mMost common site for phosphorylation (covalent

modification of enzgmes).

I which is the amino acid involved in heme synthesis ?
e\lijc'me.

a. Stote true/Salse ?
AMINO acid can cor}juga’ce oompound in xenobiotic reaction: T.

3. Why oxolote stones in urine in Vitamin &6 c\e%c'\encg ?
eecouse of de%c‘\enc5 of alanine 3\50x5la’ce

aminotransterase.
§ 4. Which is the amino acid completely incorporated to purine
é ring ?
. &lycine.

S. Compound derived $rom glycine are all except ?
A. Creofinine,

Biochemistry « v4.0 - Marrow 6.0 « 2022



8. glutathione.
C. Purine.
DX P5r imidine.

b. Stote true/false :

The S‘—o\\owins stotements are regarding hyperoxalurio.

A. Vitamin 86 de&‘\c'\enca con cause it : True.

®. Primary type is due to defect in alanine glyoxylote amino
fransferase defect : True.

C. Vitamin C de%c'\encg is a cause : Folse.

D. Glycerate dehydrogenase defect can couse it & True.

& It is peroxisomal targeting defect : True.

7. Moadch the %\\ow‘mg :

G\Bc'\ne : Glgoxglo@te.

Non ketotic hgpersll.jcemia : (—‘:dBQ'me c\ea\/age sgs’cem.
ngeromlurim e’chv\.jlene glycol.

Serine : | C metabolism.

@marroweditionénotes

Biochemistry + v4.0 « Marrow 6.0 * 2022
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SULPHUR CONTAINING AMINO

ACIDS
Introduction 00:03:26
* Cysteine * methionine
H H
I |
NHa_ C —COOH NHa— C=—i1COOH
| [
C’IHa C]Ha
SH (EJ—!; Thioether
% L.'mKaSe
CH
Sulfhydryl (-sH/thicaleohol/ Non-polar AR,
thiol group. Does not restd ‘o
Non-essential amino acid (AR sulphur test.
Pure|3 Slucosenic. - “f'f_‘:’ff?!_ Amino . acid.
| i i o | IucoS i
Pellr ?ﬁoa?ﬁ‘)c\}vedltlo%notes Puey 8 RS
Methionine : Metabolism 00:08:20

* methionine : Not a me’chgl donor.
* S-Adenosyl methionine (sAM) : Principle methy| donor

methionine
methionine Adenosyl Transferase (maT)

Vv

SAM

Transterase CH

N 3

S- Adenosy| Homoeysteine (sAr
‘Adenosgl

x Homocgs’ceine v\> Adeno55|
§ Homocgsteine
8 * methionine Adenosyl Transferase (MAT) :

MAT- | = Liver.
MAT- 1| = extra hepoenc Tissue.
MAT- Il = Liver,

Biochemistryi *v4.0 «+ Marrow 6.0 « 2022



* Significance of - Adenosyl Methionine (SAM :

TmnSme’chglahon Reaction.
Polﬁamme Sanhesis.
ONA me‘chgla’don.

Transmethylation reaction & polyamine

synthesis 00:13:56
I Transme’t\*\i,j\aﬁon reoction :
Acceptor mMethyloted product

Guanido acetate Creatine

Nor— f:p'\nephrine apinephrine

zapinephrine me’canephr‘me

gthanolamine Choline (’cr'\meﬂ'\gle’chanolamme)

Comosine Anserine

Acetyl serotonin mMelatonin

a. Pol5amines :

Organ'\c compo-.md with > | amino group

Positively charged
HREE negaﬂ@%%ﬁmd?ﬁ%%notes
Regulates gene expression
Synthesis of polyamines
Polyamines are derived from Ornithine and Methionine
Ormithine
Rote L.imi’dns i CO,
eneyme RLE) ™ ormithine decarboxylase (rote limiting
N step)
Putrescine
Decarbox5lo¢ed
e m;—(» SAM < SAM < methionine
Spermidine
| decarkoxulated
J€ Nr_ <5 sAm < sAm < methionine
Spermine

Lysine on decwbox5laﬁon : Cadaverine

Ornithine on decarboxylation : Putrescine

Other polyamines : Spermine § spermidine (Precursors :
Ornithine § methionine).

Biochemistry « v4.0 + Marr_ow 6.0 - 2022
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Fate of homocysteine 100:24:34

. Regeneration of methionine :
* THFA: Tetra Hgdro Folic Acid

Homocgs’ceine
meH'\Bl ela NS mekhﬁl THFA
6Ia X THFA
methionine

* fthereis deficiency ot & _,
| Free THFA.
A functional de?—iciencg
Known as folate trap/THFA starvation
Y
Defect in DNA synthesis

l

megalob\ashc anaemio.
@marrow} %lliro'ﬁ‘gﬂ%ﬁggﬁ 0} BORE ATl
macrocg’res in peripheral smear
* 1% there is deficiency of _ /Folic Acid,

e /FA
Homocgs’ceine — B smethionine

Deficiency of & et ——sT ¥ Homocysteine
!
Risk factor for thrombosis
y
(crAD 5 CVR)
C,oronar3 F\r’cera Disease
Cerebrovascular Accidents
* Deficiency of &_ and Folic Acid (FA) :
T Homocysteine in Blood;”
Homocystine @@ homocysteine joined by o disulphide
bond) excreted in Urine.

3. &lucogenic Lote :
methionine

oords aAldY
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Sulphur

36 i
CO"_‘ta'n Leave Feedba
Amino A

Homocaste'\ne
J Serine
(Co-enzyme) PLP Cystothionine B
SBn‘chase
Trans—sulfuration

C,Bska’ch'\onine reoction
(C,o—en25me) PLP Cystathionase

N
Homoserine + cgs'ce‘me

Prop';)ngl CoRn

WV

Sucmnijl CoARA

Glucogenic fote

o De$icienc5 ot :
T Homocysteine in blood ¥ TAS 7 VA
Ho stine | i .
f ki nem&‘fij‘rrrxlearrowed|t|on6notes

Biochemical disorders of
Sulphur containing aminoacids 00:38:20

. Oasthouse %ndrome/ Smith strang disease
* Defect : Methionine transporter (intestine)

a. Pr'\marg hﬂpenneﬂfﬂoninem\a:
* Defect : methionine Adenosyl Transterase (maT)
* Charocteristic feature : Boiled cabbase odour

3. Classic homocjs’dmria=

* Defect : Cystathionine B synthase
4, %s’co&hion'\nuria=

* Defect: Cﬁs’co&h\onase.

Active space

S. Non-classic homocﬂs’dnuria:
* Defect : N_methyl THFA and methyl &
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Classic homocystinuria : Defect and features 00:42:26

* Autosomal Recessive (AR).
* iochemical defect : Defective cystathionine B synthase.
mMethionine
1
Homocgs&eine
Cystathionine B o Serine
synthase “PLP 7 ( Co-enzyme )

cﬂs’ca’ch‘\onine

y

Homoserine + cﬂs’ceine

t Homocysteine in Blood.,
4 Homocystine in urine.
ol Cysteine synthesis.
methionine level : Normal.
* Clinical features :
Initiadiy - Asymptonedtic:
Loter, Developmental Deloij.

At 3 yrsof age: } Vision, Progressive Myopia, Quivering
iris (iridodonesis). On examination : ectopia. lentis.
(Lens : Dislocated medially and downuwards)

* Skeletal deformities (nrachnodac’tglg, Pectus carinadum
Pectus excovadurm,

* Severe mental retardadion.

* Thromboembolism.

* Genu valgum/varum

* Coxo. voxo:

* fPes covus

. High arched palote
Homoqjs’cimr'\a resembles
marfan’s syndrome.

eoeds eAloy
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Classic Homocystinuria - management 00:52:12

L \nveshgo@dons :
¢ %anide nitroprusside test : magenta. colour
* Tandem Mass spectrometry : Best screening method,
* enzyme analysis. QA T
* DNA mutation studies
%anide nitroprusside test is

answered by :
Homocysteine, homocgsk'\ne
CBSkeine, ujs’cine.

C,Banicle ni’croprusside test

a. Treatment :
* High dose of vitamin &
Reason : vitamin &, (PLP) —> Coenzyme of cystathionine
B synthase.

* Restriction of Methionine with cgs’ceine Supplementahon.
Reoson : Methionine is an’ches\?,ed but cgs’ce'\ne is not.

* Betaine supplementationarrowedition6notes
Reason : Trimethy| glycine (Betaine) —> Remethylotion
of homocysteine
Homocl.js&eine %—} methionine.
Betaine
* Administration of Vitamin C = Improve. endotielial. . ~
function.

Non - classic homocystinuria 00:55:50

* Defect:
Defect in formation of N, me’chgl THFA
Defect in formatiory of me’ch}jl cobalamine

methylene Tetrahydro Folate (MTHP)

methionine l MTHF reducotose
A me’chg\ ela NS me’th5| THFA
< eu\_)g THFA

Homocgs’ceine

Biochemistry * v4.0 - Marrow 6.0 - 2022
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CBSJca’chionine
%s‘ce'\ne + homoserine
* Level of methionine | |
%s&eine : Normal

Homocystinuria - Comparison 00:58:48
Feoture Classic me’chgl MTHFR
homocfjs’dnuria cobalamine reductose
defect de“ciencg
Hcmocgsteinemia + + +
methionine level Normal & !
in blood
cﬂske'me level in l Normal Normal
blood
megaloblashc Absent + Absent
anaemio

Other disorders of sulphur containing
amino amnrmwpdmnnﬁnnmc O1:00:09

(B Cﬁs’co&h‘\on’\mria=
Defect : %s’ca’chionase
Cﬁanide ni’cropmsside test : Megoedve

- C,ﬂsﬁnuria :
Defect : Dibasic AA transporter in intestine § renal tubules
60c6b3eeaa8deﬂi@e§¢705€itirrod)s tetrad: C - %s’nmru

A - Alkaptonuria
A - Albinism
P - Pentosuria
excretion in urine : C - Cystine (not cysteine)
O - Ornithine
L= L,Ejsine
A- nrsinine

aoeds Aoy

C)janide nitroprusside test : Positive.
2, cﬂs’dnosis : Lgsosomod s’comse disorders.

Defect : Cystine transporter —— Cystonosin (product of
(Lysosomal H' driven) CTNS gene)

Biochemistry - v4.0 + Marrow 6.0 -« 2022



Sulphur
36 Containifig

Affects : Liver = Hepatic failure.
Renal > Renal failure.
Cornea. —> Corneal opaci{B.
Bone Marrow.
Treatment : (‘,Bs‘ceam'\ne.
C,Us‘ceam'\ne

%shne _ cﬁste‘me

Specialised products from cysteine 01:05:59

l. %Steine on decarboxtjlaﬁon gives &etomercapto
ethanolamine.

a. Co—enzgme A.

3. Taurine : Conjugates bile acids.

4. glutathione (GSH).

5 cgs’dne :a cgs‘ce‘me groups joined ’cogether bﬂ a SH groups.

Glutathione (GSH) 01:06:56

* Itis a tripeptide. @marrowedition6notes
3 pR's : Gammo. glutamic acid + Cysteine + &lycine.

* itis gGamma Slu’camgl c5sfe'm5I Slﬁc‘me.

* A pseudopeptide (Gommo. carboxylic acid forms the peptide
bond).

* Active par’t/ business par’c/ banking part is SH group of
c5$+eine.

Functions of glutothione :

* Amino acid transport meister’s cycle/gammagiutamy
che.

* Free radicol scavenging.

* mMaintains R&BC membrane 'm&esri’cﬂ.

* reeps Iron in ferrous state in hemoglobin.

* Antioxidont.

* Conjugadion : In phase-Il xenobiotic reaction.

Active space

* fets as co-enzyme for various enzymes.
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Glutathione ( Co-enxyme J

Maleyl acetoacetate —icans isomerose Fumnary
acetoocetate
Free Radical Scavenging :
(reduced)

HaOa T — @SH NADP"

Glutathione Glutathione

Peroxidase reductase
HaO [SSRSC] ~> NADPH + H

(oxidised) l}
HMP pa’chwag

* glutathione perox'\dase :
A Se\enoct:js’ce‘\ne confounins enzyme.

* glutathione reductose :
__F\qVin cgn’todn'\ng enzyme.
Helps o assess B level indlood.

MCQs
Question : In which 1emM this clinical manifestotion is seen ?

A Child is normal at birth, slight developmental de\ag present.
After 3 yrs, he developed severe
myopia, shivering of iris is seen on

exominodion.
Ans : Classic homcijs‘dnur'\a.

Question : A 14 year old boy developed sudden onset of
weakness of left side of body with facial deviation to right
side. He is admitted in neurology ICU with o suspected
cerebrovascular accident His left sided neurological
weakness settled within o, week.

The treating doctor noticed a. waddling gait in the same boa.
The mother gave a past history of defective vision due to
dislocadion of lens for which surgery was done. He has poor

Biochemistry - v4.0 * Marrow 6.0 + 2022



scholastic performance in sehool for which he is

qoing to special school. Further studies confirmed that there
is decreased mineralization of bone, increased length of long
bones and slight curvature of spine to one side. what is the
lem suspected here ?

A. C,Bs’dnur‘\a.

e. HomocBSHr\uriou

C. %sﬁnosis

. Alkaptonurio.

Question : A 4 year old girl came to paediatric OPD with
complaints of decreased vision and poor scholastic
performance. 0/ ectopia lentis and multiple skeletal
deformities present. A test conducted is given in the picture.
what is the diagnosis ?

Answer : Classic Homocgs’dnur'\a.

Question : Identifu the. biochemical defect from the
description given below.

. Homom:,ste‘memia.

. Hﬁperme’chioninemia.

. ngocgs’(e'\nem'\a.

A. methylene THFA Reductase defect.

& Methionine Synthase defect.

E. Ci.js’co&hionine beta swﬁhase defect.
O. me’chg\ Cobalamine de¥acaenc5.

Question : Lﬂsosomo.l storage disorder with CTNS gene defect

(S
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A. cﬂsﬂnos'\s. -

B. C)js’cinur‘\m

C. %s’ceinemia.

D. Homocgs‘dmria.

Question : The amino acid with thioalcohol group
A. methioninc. ~°

8. Serine.

Cs (‘)js{te'\ne.

D. Threonine.

Question : Vitamins needed in the metabolism of S containing
amino acids are all except

A. PLR

6. Folic acid.

C. Riboflavin.

D. Cobalamin.

Gueston  SAT res To Sotion of o xcept

A. Melatonin.
8. Serotonin.
C. gpinephrine.
Creatine.

Question : All the $ollowin3 are functions of Glutathione except
A. Maintain integrity of R&C membrane.

®. Formoadion of methhemogjobin.

C. Transport of amino acids.

. Free radical scavenging.

-
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TRYPTOPHAN
Tryptophan : Chemistry 00:02:16
NPQ
=4 cua—c;, —H
\ ; COOH
\
N
genzene \ Pgrrole
rinS H rins
\D/
Indole Q'\ns

* Aromadic amino acid
* gssential amino acid @ marroweditionénotes
* Both ketogenic § glucogenic

Tryptophan (Trp) ——> Anabolic fate —

W AT

+«=Tn han/ Trupte
yprophan/ Tryptophan (¢ \ )
pgrolase oxygenase Niacin Serotonin melatonin

®) \Tryptophan
Cotobolic fate hydroxylase
!
J
Ketogenic fate Glucogenic fote
Tryptophan : Metabolism - catabolic fate 00:06:27

Cotabolic fote : A/K/A Kynurenine anthranilate pathay

Biochemistry « V4.0 « Marrow 6.0 + 2022
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T Bptophan _
Trgp’cophan "ﬁgrr—olﬁge‘"> N- Formg\ Kgnuren\ne
Bt copBainis 5> <HFA (Tetro. Hydro Folic Acid)
Form5\ THFA
\‘\Bnurenine

hgnurenine h5w0x5lase
* Require NADPH

3-0OH Kﬂnurer\\ine
| iynureninase <« Coenzyme = PLP (Vit &)
Alanine
2-0OH Anthranilote 1

educogen‘\c
fote QPRTase
l ( éod'e ﬁm‘u’dng\skep )

Ketogenic faote

NAD" pod:hwaﬂ

QPFRTase - Quinolinate Phospho Qib055| Tronsterase
* In8, IR HRIMERYSKIEnine
S . i e e

Xonthurenic acid

|

gxcreted in urine
* | Niacin —> Pellagra like symptoms.
Conversion factor :
* ©Omg of fryptophan Converted >1 g of niacin.

Tryptophan : Metabolism - anabolic fate 00:14:36

* Serotonin :

» Te’cmhgdrob'\op’cer\n

* NADPH _—
Trgpfophan Tnjp’tophan h}jd(())(}j\asle S-OH Trgp’cophan

ooeds eA)OY

Aromadic aminoocid

7,

cO 3 Decarboxglase

S-OH tryptamine (Serotonin)
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Degrades to S-OH Indole acetic acid.

Functions of serotonin : ¢ Neuro fransmitter.
!
Vasoconstriction, mood elevadtor, temperature regulation
gastro intestinal tract moﬁli’rg.
Site of synthesis Argentadtin cells.

|

Intestine, mast cells, platelets and brain.

* melatonin :
Sﬂn’chesized in pineal gland,
Serotonin — T Ragindi AEIIOBIR
l< sam’ methionine
SAH
me’ch5| acekg\ serotonin
(melatonin)

Function : * Bioclogjical rh5’chm.

* NeuwrotransmiteX, - ovedition6notes

Carcinoid tumor/syndrome 00:20:17

Neuroendocrine tumor.
a/w/n argentafSinoma.
Tumor of arsen’ca?—%in cells :

!
i Synthesis of serotoning | Niacin synthesis.

Clinical features :

* Intermittent diarrhoeo.

* Cutaneous -Q\ush‘\nﬁ due to | tachykinins.

* Sweating 1.

* Fluctuoding h}jper’cension.

* | Niacin = Pellagra. like symptoms.
Diognosis : 1 serum serotonin.

1 sHIAA In a4 hr urine (N = <Sm3/cla5).

Biochemistry V4.0 « Marrow 6.0 < 2022
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Hartnup’s disease 00:25:45

Defect in absorption of tryptophan § other neutral amino
acids from intestine § renal tubules.

Intestine
BOAT -I «——defective
Trﬁp’toPhan ————

xereted — “Blue Diaper”
Bocterial /: urine
enzyme )
[ Renal
Circulation
Indoxy S

|
Co unds
e T—( Sustemic

° \ \ 5
ndxgob\ue | B -
* Indican I —

* | Tryptophan in cells — | Serotonin and | Niocin.
Me symptomy Cutaneous photosensitivity
(Photosensitive dermatitis due o niacin |).
Neurological manifestation (| serotonin) : Wide based gait,
intermittent ataxio.
Diagnosis by Obermeyer Test : Test for indican.

Treodment : Supplemen’c NAD"
* Lipid soluble esters ot ’crg’cophan.

Drummond syndrome 00:20:17

* BOAT- I : Transporter (of {r}jp\'ophan) ot Intestine
coded b5 SLCLAIO.
* Drummond syndrome : BOAT | is defective in intestine
Blue diaper SHndrome

eoeds 8ANOY

Biochemistry « V4.0 - Marrow 6.0 - 2022



¥ mEmT
Leave Feqdb'

BRANCHED CHAIN AMINO ACIDS

Chemistry of branched chain amino acids 00:01:59

eranched chain amino acids are :
Leucine : he’cogenic.
Isoleucine : he‘cogenic and glucogenic.
Valine : educosenic.

Al are non—po\ar.
All are essential.

Metabolism of branched chain amino acids 00:04:03
Branched chain amino acid
I. Transamination l PLP

Branched chain keto acid
3. Oxidative decarboxylation (i\a CO_ eranched chain keto

@marr Weditiao51((}}[1(({&,635‘“)5]emse
F\cBl CoA
3. FAD dependent l Slavid &,
Deh\\jdroser\a{don
Products
Leucine Valine Isoleucine
I Tronsaminase (PLP) l J
X Keto acid X Keto iso X Keto 8 me{hgl
Caproic acid valeric acid valeric acid
eranched chain keto jacid dehfjdrosenase
co, co, co,
8
Isovalery| CoR - 1sobutyryl CoR methyl butyryl COA g
B
J( FAD Dependant l dehydrogenase l .
B methy| cro’conal mekhgl acryly| Tiglyl CoA
CoRA CoRA
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B me‘chﬂl cro’(ongl me’ch5| acrylyl Tiglyl CoA
J CoA L CoRA
etogenic Propionfl CoA nce’fﬂlx CoRA
Glucogenic Ke&oéenic
Branched chain keto acid dehydrogenase 00:09:10

* mult en25me complex :
(&imilar to pyruvote deh5dr03enase).
* Has 3 enzymes : Sene
€ o
I @ranched chain ketoacid decarboxylase { '
a. D’\hﬁdrolipo:jl ’«ansacﬂlase —> € &’JB

2, Dihﬂdrohpoamide dehﬂdrosenase Nt -

®* Co en25m%=
.. CoA.
3. Thiaine PHSPE R Bnotes
3. Lipoomide.
4. FAD.
S. NAD'.

MSUD (Maple Syrup Urine Disease) 00:11:40

Defect in:
g« : Type |A (ML)~ | Associoted with
e B : Type 1 & — thiamine pﬁrophospho&e
'E:a : T}jpe 1
g, : Typell
Clinical c:orrelo@don of MSuD :
* Neonotes.
* giochemical defect :
eranched chain Keto acid dehgdrogenase.
Decarboxylase enzyme (g, enzyme component).
Defect in oxidative decar boxylation.
eranched chain keto acid { 1 (accumulates)
| x ecrd (defective)

8oeds eAlOY
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nc5l CoR
* Clinical features :
Feeding di??'\cul’cg.
Failure to thrive.
Le’char%.
Convulsions.
Hypotonio. with bouts of hypertonia :
60)('\\’\8. ONP H TesT
6ic5din3.
urine (on refrigeration) :
Maple 55rup/ burnt

Susar/ caramel (smelD.

Diagnosis : T Branched chain amino acid  — in
? eranched chain keto acid | urine

Dinitro phenijl thrazine test : Yellow colouwr prec‘\pi’cod:e.
Rotherals test : Purple ring,

TSt ne @marroweditionénotes
Restrict branched chain amino acid.
Supplemen’c thiamine.

Isovaleric aciduria 00:18:10

gnzyme defect : Isovaleric acid dehgdrosenase.

smell of sweakg feet.

MCQSs :

A 3 week old neonate presents with pure hgpotonia, poor
suckling reflex. An intern who examined the baby collected
some urine and Keep it in refrigerotor for one night. The next
dag a sweety smell was apprecioted in the urine sample. She
did o. ONPH test and got a. positive result.

Ans : Maple SYyrup Urine Disease.

3. An Il day old neonate presented with vomiting, dﬁiw to
feed, lethargy. The characteristic posture is seen. The

Biochemistry * v4.0 - Marrow 6.0 - 2022
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caramel odour is present. what is the diagnosis ?

A. Neonadal septicemio.

6. MSUD.

C. \sovaleric acidurio.

D. Organic acidurio.

€. ngemmmonem'\a,

3. Assertion : Thiamin is used in the treatment of MSUD.
Reason : Thiamin is coenzyme for the first step of catabolism
of BCAA.

A.A R are true, R is the correct explanation for A.

&. A § R are true but R is not the correct explanation for A.

C. Ais true but R is false.

D. Ais false § R is true.

@marroweditionénotes
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ACIDIC AND BASIC AMINO ACIDS

Acidic amino acids

Basic amino acids

. nsparﬁc Acid — ns;mmgine * Histidine
* Glutamic Acid — glutomine . nrsin'me
. L}jsine
Basic amino acid 00:03:25
Histidine nrginine L\tjsine
gssential gssentiol/ gssential
Semi gssential
Polar most po\our Polar
most basic
Imidozole Suanidinium € amino group
alucogenic &bcosenic Purel5 Ketosenic
@marroweditionénotes
Histidine

* metabolic function

I. Histidine T} Histamine

coa
a. Histidine
| Histidase
urocanate
!

Imidazolone propionod'e

|

Formiming_glukamic_acid (Fi&l

THFA

-

Formimino folic acid

Glutamic acid

(e reto Slud'arate) —  &lucogenic fote

Biochemistry * V4.0 - Marrow 6.0 « 2022
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Deficiency of THFA

|

T Formimino glutaric Acid

|

exereted in urine

* Histidine load test
* £ AlgLU is excreted in urine — Folate de%ciencg

3. Camosine (B alanine + histidine)
4. Anserine (me’chg\ carnosine)

S. Homocarnosine (6AgA + histidine)

Arginine and lysine 00:11:40

Arg'\n\ne

* metabolic functions * Synthesis of:

l. Agmatine — nn’c‘\hgper’censwe.

Creatige 12 1Blcing Avgining: < methionine.

Urea. ——— Arginine Agnase . ormithine + Urea.
Ornithine.

Nitric oxide.

n &0 P

* Nitric oxide
endothelium Derived Relaxing Factor (EDRP
Free radical.
Gaseous molecule.
Short half life : 0 | sec.
Arginine  Nitric oxide s Nitric oxide + citrulline
sﬂn’chase

-

+

NADPH

g Functions : Vasodilator.

é Penile erection.

¢ Neurotransmitter.
Treadment of :
l. Pulmono«rij hgper’cension.

3. Impotence (SildenafiD

Biochemistry - V4.0 - Marrow 6.0 - 2022



Sildenafl
l

(inhibits cgmP phosphodiesterase D

!

1 camp

3, nng'ma pec’toris :
G\5cer5| nitrite — Nitric oxide

* Nitric oxide sgn’chase :
Mono oxygenase
S cofactors : I Heme
a. eH, (Tetrahydrobiopterin)
2. NADPH
4, FmN
S FAD
3 isoforms :
n Nos — neurons )

| Nos — maerophagesg magk GRS BreRERdent of

calcium

e Nos — endothelial cells

L,Bsine

* metabolic functions :
. Histones are rich in arginine and lgs'me
3. Putrefaction —> Cadaverine (polyamine)
3. Camitine —> Lysine + methionine

39 Acidic and o

acids

Acidic amino acids & amides 00:21:28

nsparﬁc ocid Glutamic acid
\(%) extro. - COOH in side chain (Sc)/

l extro. = CO NHA J{

Asparagine Glutamine

Biochemistry - V4.0 « Marrow 6.0 2022
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* Chemical properties :

Aspartic acid Glutamic acid Asparagine Glutomine
Non essential (N&)  NEg NE NE
Glucosenic alucosenic e\lucogenic Glucogenic
Polar Polar = unchourged polar —>
Aspartic acid alutamic acid
* Functions * Function
l. Pﬂrimidine I M—-ace{BI Glutamodte
a. Purine - meety co A + Glutamic acid
3. Urea. synthesis )

(NI Ace’gl Glutomate

a. Glutathione
(Gamma. BlufanyI cysteiny| Gdﬂcin@

Glutamadte T GRBA

@marroweditionénotes
Glutomine :

Functions :
. N3 N9 of purine
a. N3 of pyramidine
3. Carrier of amino group $rom most organs including &rain
4. Source of ammonia. (excretion of NH, —> Renal
requlation of Blood PH)
gnzyme required : Glutaminase enzyme

Synthesis and catabolism of acidic amino acids  00:28:59

| Aspartic Acid  (Transmination)

Oxalo ocetole %parm’ce
e"“{“““*/}nem elutarote

eoeds 8AjOY

a. Glutamic Acid Reductive amidation)
a reto Slu’cara&e GDOH 5 Glutamate
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Basic Amine Léav;ﬁcq :
3. RAspartote Asparagine  Asparagine acids N
Synthetase
— COOH 2N ~CONH3,

Glutamine \\\) +ATP

G\ufamo&e

Glutamate Gdu‘kam’me_) Glutoamine

Sthetoss

NH, + ATP
Cotobolism :

r-\3pam8ine —l% F\sPar&ic Acid —— Oxalo acetate
NH

Glutamine —— > G\lu@m\a m&%&@ r‘f@f@ @lu‘caro&e
NH

NHal 3J/

Canavan disease 00:35:10

A & month old boy, borm without complications ofter an
uncomplicated pregnancy, failed to achieve expected
developmental miletsones. As an infant, he developed
nystagmus and poor muscular head control.
Physical examinodion findings were notable for generalized
hypotonia. § progressive macreephaly,
* enzyme deficient : Aspartoacylase

N Acetyl Aspartic —x— Aspartic Acid,

Acid
* Clinical features : g
ProSress‘Ne macrocephoJB. %
<

Persistent head lag .
Developmental de\aﬂ.

* On exomination :
Distorted mitochondrio.

Biochemistry * V4.0 - Marrow 6.0 + 2022
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Severe leukodystrophy,
I N-acetyl aspartic acid in blood, CSF, urine.

Questions :

l. Fatty acids cannot be transported to mitochondria, i lysine
is deficient. why ?

Ans : Becouse carnitine, which is the transporter of ¥aﬂ5
acids, is derived $rom lysine.

a. Histones are positively charged. why?
ANS : AS ’cheﬁ are rich in basic amino acids like arginine

aluycine.

3. Sildenafil is used in the treatment of impotence?

ANS : Inhibits cyclic emP phosphodiesterase and ’chereb5
increases eyclic @MP (And messenger of nitric oxide (derived
from arginine).

4, FlgLu B@Sr%%ﬁoav%%ecﬁ?i%%‘% ﬁ%‘%‘é‘b‘m‘“ de%c\encﬂ. whﬂ.
Ans : Folic acid is an acceptor of formamine group. SO when
there is folic acid de\?\ciencﬁ, FieLE gets excreted in urine.

MCQs.

l. The amino acids that form oxaloacetate are
A. Asparagine § Glutamote.

©. Asparagine § Aspartote.

C. Glutomate § Glutamine.

D. @lutamine § Aspartate.

3. An infant normal at birth loter develops progressive mac-
rocephodg, severe hﬂpo’conia, and persistent head log. MR1
scanning of head revealed striking vacuolization and astro-
cgﬁc swelling in white matter. N ace{-}jl aspartic acid present
in the blood § CSF. wWhot is the diagnosis ?

A. Alexander’s disease.

8. Reye’s syndrome.

C. Canavan disease.

D. Tay sach’s disease.

eoeds eAoy
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€. Sandho¥’s disease

3. The nitrogen donor for asparagine synthetase is
A. AmMmMonium ion.

8. gutamine.

C. Aspartate.

. glutamote.

4. The donor of formimino group in one carbon metabolism is
A. Serine.

e. Trijptopho\n.

C. Histidine.

O; Qrsinine.

S. Urocanate is an intermediote in which amino acid metabolism?
A. Proline.

8. Histidine.

C. Threonine.

D. Arginine. @marroweditionénotes

. Omithine is derived $rom which amino acid?
A. Proline.

&. Histidine.

C. Threonine.

O. Qrsinine.

Biochemistry + V4.0 - Marrow 6.0 - 2022
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MISCELLANEOUS AMINO ACIDS

Entry of amino acid to TCA cycle/
Anaplerotic reaction 00:01:41

As pngo&e to oxaloacetote :
. Hgdroxgprohne.
* Serine.
. ijs’ceine.
* Threonine.
As alanine ‘o pﬁru\/a’ce to oxaloacetote :
o Trﬂp&ophan.
Direc’d5 to oxaloacetate :
* Asparagine —> Aspartate —> Oxaloacetate.
... -Psalitamaig o X Ketoglutarate.
* Histidine.
* Proline.
* Glutamine,
' nrginine.
As suc0in5I CORA:
* Isoleucine.
* methionine. These are aminoacids that
* \valine. olso form propiony| CoA.
* Threonine.
As fumarote :
. Phenﬂtalanine.
® T}jrosine.

Compounds and their chemical names 00:10:31

* Sarcosine —> N me’chgl glyeine.

* Betaine — Trimethy| glycine. (Rx of homoeystinurio)

* Choline — Trimethy| ethanolamine.

¢ gthanolamine —> Serine on decarboxgla’c‘\or\.

* ergothionine —> Derivotive of histidine.

* B mercaptoethanclamine —> Cysteine on decarboxylation.
* gfBhA —> glutomate on decarboxglahon

eoeds aAnoy
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* Camosine —> f3 alany| Histidine.
* Anserine — Carnosine on methIa&\on.
* Homocarnosine —> GARA + Histidine.

Urine odour in various inborn erros of

metabolism 00:13:50
Inbom errors of metabolism urine odour
Glutaric acidemio (&gpe 1)) Sweaty feet
HowKinsinurio ‘&mmegfmd
\sovaleric acidemio Sweo&l.j feet
S-Hﬂdrox\tj S—me{if\i,jlglufar'\c Cok urine
acidurio ‘
maple syrup urine disease maple sijrup/ caramel/burnt
sugar
HggyweﬂWmmehm. embduﬂxmge
Wuhpeuuhmﬂwwckﬁdamﬂ Tom cok urine
Oasthouse urine disease eoiled cabbaae, hops like
Phenylketonuria @M WS ,_QnOteS
Trimethylaminuria. (Fish odour) Rotten fsh
TB«smanb. embdcabbqya
Fish odour syndrome 00:18:14

* enzyme defect : Trimethylamine oxidase.
(Flavin dependent monooxgsenase).
. Tr'\me-th:jlamine is not metabolised.

— Smell of rotten figh.

* Rx:Restrict dietary intake of trimethylamine (choline)
- containing $oods. (eqgs, nuts, green leaty

vege’cables).

Q. The amino acids that form Oxaloacetate are :

A. F\sParaa'\ne ond Glutoamaote.

8. nsparagine and Aspar'cake.
C. Glutomote ond Glutamine.
D. Glutoamine and ASPar{'o&e.

Biochemistry - V4.0 « Maryow 6.0 - 2022
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KREB'S CYCLE

Concept of TCA Cycle 00:01:22

It is /WA TCA cycle (Tricarboxglic acid)/citric acid che/
Hreb's cgcle..

Carbohydrate, proteins, lipids
y
nce&}j| CoR Ca%] : C,omple’tey oxidized
l enters
TCA cycle releases : & C atom as CO,
NADH, FADH, —> enters €TC to
produce ATP.

Site : All organs with mitochondrio.

All enzymes of the TCA cycle are present in the mitochondriol

madrix except suecinate dehgdroaenase.
@marroweditionénotes

Overview of The TCA Cycle 00:06:24
Regeneration of Oxidadive
oxoloocetote decourboxglahon

((:atalg’dc role) T Acetyl Con

acetat | EW)
Oxalo e
(40 I
|
| Citrote (b©)
|
| s
C’Oa
I
Succin5| CoA

(40

Biochemistry « v3.0 * Marrow 5.0 + 2021



Reactions of TCA cycle 00:08:07
Oxaloacetate + Acetyl CoR  citrate synthase
(a0 (oM @0« rreversible step
Malate .
dethrogem/sKFﬂSf substrate) \ Regulatory step
Y Citrote Aconitase
"% Q * Contains Fe’
mMalate * a step process-
Dehgdraﬂon, Rehydration
- . moonligh’(ins enzyme
Role in Iron homeostasis.
. Isocitrote ((oe)
Furmared .
Eipraiiion i w@,\a Ngpy \socnkmtf dghgc.lrosenose
. ARy, (oW : I Oxidakive
dehydrogenasp” ¢t decarboxylation (*)
* Simple " * Regulatory step
dehydroge
okt eTC cprplex & & %4%_ @ ketoglutarate () (0t k&)
. - o %
Present in PN 8 o .
Comer miochocrial o1 4 @ vetogutarate dehydrogenase
B (ordH)
Con (40) * 3 oxidative decarboxx:j!aﬁon
_ o * Irreversible (Unidirectionald
?AQC!\'\O.*G thiokinase * Requlatory step
Substrote levgl * S Coenzymes : Thiamine - &
phosphorylation . coA (Pantothenic acid)
' In Gluconeogenesis -~ GTP Lipomide
s produced. (Used by PeF) o -6
@marrowedition6nojgs_,’
Inhibitors and energetics of TCA cycle 00:22:51
Inhibitors of TCA cycle :

Non competitive (-]
Fluoroocetate + OA = Fluorocitrate > aconitase.
Arsenite : Non-competitive inhibition of QDH.
Malonade : Competitive inhibition of SOH.

energetics ot TCA cfjcle :

3NADH = 2 X &S ATP =15 } Oxidotive phosPhoraloedon
| FADHA = | X IS ATP = 1S Total = 9 ATP

| ATP (substrote level phosphorylation.

Total =9 +1=10. ’

Significance of TCA cycle 00:26:12

Complete oxidotion of ace{-5| CoRf : Final common oxidative

Biochemistry * V4.0 « Marmw 6.0 + 2022
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po&nwaﬂ.
It is an amphibolic pathwoy Cboth cotabolic and anabolic].
Cotabolic : ncbwwwm@eab S
Anabolic :  Citrate enters ?o&tﬂ acid synthesis
QA K& —> glutamate—> GAGA
Succinal CoR ——> Heme
Oxoloacetate ——> glucose

F\mpleuroﬁc reoctions :
itis a %\\‘ms—up reaction.
Reactions thot replenish depleted intermediotes of the

TCA cfjde' Pyruvate carboxylase
most important reaction : P5ru\m&e —> oxoloacetate.

AMiNo acids en’cerins TCA cgde :

Glutamine, methionine, Phenylalanine,
Histidine, Threonine, Tyrosine
Arginine, Proline | Isoleucine, Valine J
l@marroweditign6notes | Fumarate
glutomate Succin5| CoA
oG
TCA cycle & cancer - Oncometabolism 00:33:35
IDH

Normal : Isocitrote —— orvg ——> Succ‘\nijl CoR

% 1DH mudant : a& —> & hydroxyglutarate (oncometabolite)
Inhibits TET & gene
(epigenetic modification)
Increased DNA methylation §
histone modification

|

chanses the epigenome

aoeds 8A|OY
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Cancers reloted to mutant a hgdrox%\u’caro&e :
* Cholangjiocarcinoma, glioma.

—m—

Drugs inhibiting mutant 1DH : Sidenibs
Cevasidenibs, Ivosidenibs J.

Mutation in SOH complex (® § D) causes :
Familial Sl\obhs’coma.
Familial pheochromocg’roma.

Vitamins in TCA c5de :

* CoA: Pantothenic acid

* FAD: B,

® NAD+:B i

* OKGDH: B

Qeguda’don of TCA cgcle :

QeSuloﬂcorg skeps :

. Cirate synthase. @marroweditionénotes
3. lsocitrote Dehgdrogenase.

2, oG Deh5drosemse.

4. Pyruvate Dehydrogenase. (especiod\5 in brain.

Tare/AoP § 1 NADH/NAD ratio : Inhibits TCA cycle
regula’cor5 enzymes.

Biochemistry « V4.0 - Marrow 6.0 - 2022
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CHEMISTRY OF NUCLEOTIDES

Cﬁh_e_rmisnjy of nuclgic 7acidi

00:01:25
Two types of nucleic acid : DNA and RNA.
The nucleic acids are made up of nucleotides.
The nucleotide is made up of
nitrogenous base (purines § pyrimidines)
Pentose sugar Lribose, deoxyribose]
Phosphate group.
nitrogenous base + pentose sugar=
Neucleoside.

Purine bases 00:03:30

a he‘cerocgclic ring structures with nitrogen positions at 1,3,7,9.
Purines : Adenine and guanine.
MinoY purines & Xanttine, hi,jpoxan’chine, and uric acid,

N
N
N Purine N
b oMino pur'me a amino b oxopur'me
Nk e
I 7
I\m N /I\

l Har\l N

H

Adenine (A quanine (&)

Biochemistry + V4.0 - Marrow 6.0 + 2022



Pfjrimidines :

Single he+eroc5clic ring structure with nitrogen positions ot 1,2.
Pgrimidines :

uracil CRNA only], thymine CONA onlyJ, Cytosine.

N

N

3,4 dioxo 3, 4 dioxo S a 0X0 4 amino
Pﬂr\m\dme methg\ Hrmndme 5nmvdme

a

PORVS NG
(6]
I
H
uracil W ﬁmarr@yedltloggkgotes(@
RNA only only both DA ano. RNA
Nucleoside formation 00:10:29
Purine:
B N glycosidic bond between C I’ 0f pentose
sugor § N 9 of purine.
C | of pentose sugar § N | of pyrimidine.
Pentose sugar.
chonw O I OH group is present of &', 3’ position- ribose.
s \ ¥ OH group is present only in 3’ position— deoxy
33‘ a BRIV it
OH

Biochemistry * V4.0 + Mar!'ow 6.0 - 2022
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Nucleotide formation 00:14:12

Addition of PO4 group by ester bond to the S’ C akom :
Nucleoside monophosphate.

Further PO4 groups are attached b3 ocid anhﬂdride bond.
I¥ an acid anhydride bond is broken, energy is released.

NH
a

Purine

Acid anhgdride bond  ester bond

PO PO PO\'CH

4 K 4

Pentose sugar

Dinucleotide formation 7 00:16:37

The two nuclectides are joined by o 3 o §’ phosphodiester

bond : Between the 2’ OH group to the S’ PO4 group.
@marroweditionénotes

The nucleotide with o $ree functional group at S’ position :

First nucleotide (head endl.

The nucleotide with the free functional group ok 3’ position :
Last nucleotide [tail end .

These functional groups are ionizable — exhibit Polarity,
8y conmﬂum‘ﬂé“b‘&sé'géq'wéhce of nucleic acid is written

$rom S’ to 2,
M‘rtroseneous base
(0]
PO,— CH,

5 Pentose Mi{rogenews base
3 g Q
£ OH -l--p—o — CH,

340 S

Phosphodiester Pentose
bond
OH

Biochemistry +V4.0 « Marrow 6.0 + 2022
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Ribonucleotide and deoxy Ribonucleotide 00:26:49
Mi’crogenous Nucleoside Ribose Deox5 nucleoside
base nucleoside monophospha’ce
monophosphate
Adenine Adenosine Adenosine Deoxgadenosme
monophosphate monophospha’ce
Qquanine Guanosine Quanosine Deoxa Quanosine
monophospha’ce monophosphate
uracil uridine uridine Deox5 uridine
monophospho&e monophospho&e
ngomn&hine Inosine Inosine Deoxg Inosine
monophospha&e monophosphake
Xonthine Xantho- Xanthosine Deox5 Xoanthosine
sine monophospho&e monophospha'ce
%&osine cﬂ’dd'me %&idine Deoxﬂcﬂﬁdine
monophospha’ce momphospha’ce

@marroweditionénotes
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ELECTRON TRANSPORT CHAIN

!_Basics of ETC , 00:01:28

Oxidadion : Loss of electrons
Reduction : Gain of electrons
Redox couple : Compounds that can exist in oxidised as well as
reduced state
€9 : NAD" /NADH, FAD/FADH,, FIN/FIiH_
Redox potential : Ability to transfer electron/qgain electron.
Greoter the redox potential greater is the
abi\'rt5 o gain electrons.
glectron moving from lower to higher redox potential :
exothermic reaction

Components of ETC 00:04:40

ETCiSa s }%saﬁ 55’\%’6 i‘{'%‘ﬁ%ﬁ 8{@%“39‘1 (inner mitochondrial

membrane) in ascendins order of redox potentials.

Components :

Complex | : NARDH-CoQ oxidoreductase
* Oxidises NADH, reduces coenzyme Q.
* Components : FMN § FeS
Coenzyme Q/ubiquinone/Q
* mobile electron carrier
Complex I : Succinate Q oxidoreductase
* Oxidises Succinote, reduces coenzyme Q.
* Components : FAD/FADH,
Fe-S complex.
Complex I\ : Q—%’c ¢ Oxidoreductose
" (:omponen’cs=C)g’flo,c‘,ﬁ’(cI
Rieske Fe-S complex.
Complex IV : 05& c (p0deb8c -
* Irreversible complex
* Components : Heme o, a, / Cyt a, a,
Cu A-Cu B centre

Biochemistry V4.0 « Marrow 6.0 « 2022
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Complex \Y4 - 00:17:12

Also known as ATP s5n’chase complex.
F, subunit :
* Spans the inner mitochondrial membrane.
* made of 10 C dise proteins.
" Htjdrophob'\c
* Proton channel
F subunit :
mMade of 9 subunits : 3
3B :aTP synthesising unit.

@marroweditionénotes

Y (mobile) , 0 and €
Oxidative phosphorylation 00:21:17
Outer mitochondrial membrane
Intermembrane space
4 o ay
inner e "W [ e e
mitochondrial | | Q" N /v\ Vv ¥
membrane  |e ks
/ T T /'\
NADH N 0. HO g
NAD' a a a
2
ADP P aTP g
QTP
op arp P
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Oxidation :
* movement of electrons, leads 4o release of free energy,
* Pump H’ to intermembrane space.
%osPhorBla’c'\on :
. A proton motive force is created (difference in potential
due to pumping of protons).
a. H" moves o mitochondrial madrix ‘chmugh F, subunit.
3. Rotation of Y subunit.
4. Conformational change in B subunit @inding change
mechanism by Paul 605€r) : ADP - ATP.
Oxidation is coupled with PhosPhorglo@don b5 a. proton gradient.
NADH pumps 10 H’
FADH_ pumps & H
NADH generates a.s ATP (PO rafio = &S)
FADH, generades IS ATP (P:0 ratio = 1.S)
This is explained b5 the chemiosmotic ‘cheor5 b5 Peter
mitchell.

Inhibitors of respiratory chain 00:29:11
WTTTAITOweurtdormioriolwes

Inhibitors of electron transter § oxidative phosphorylation :

Inhibitors of ellechron transfer

X X

M
X X
- Amobarbital J Malonake * Co
* Piericidn A ° e *HS
. Qole;me , trifluoro aﬂn,g%one) . c,gamde
insecticide  * Carboxin * sodium
(Fish poisor) ozide
. m
- _ ADP-ATP
; (eritish Anti Transporter
. -~ Lewisite)/
Dinprcqprol Inhibitors of
. nn\'tmgctne A Oxidative PMW5Iahon

Chemical uncouplers :
* Dinitrophenol (ONP
* Dinitrocresol (ONC)
* Fluoro carbonyl eyanide phenylhydrozone (FCCH)
* Aspirin in high dose

eoeds Aoy
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Transpart Chals L

Phﬂs\o\ogicod uncouplers :

* Thermogenin/ uncoupling protein-1 (UCP-D : Non
shivering ’(hermogenesis :
Found in brown adipose tissue (chubby cheeks in
neonates). There is oxidation in the tissue but no
phosphorylation (action of thermogenin). movement of
electrons leads to heat release. This is the principle
behind prevention of hypothermia. in newborns.

. Thgroxin

* Long chain %MS acid

. Uncor}juga’ted bilirubin

High energy phosphates 00:37:59

Produce free energy > TkCal.
examples : Phosphoenol p5ruwoece.
Carbamo5| phospho&e.
1,3 BPG
Creafine phosphgte rrowedition6notes
ATP = ADP + Pi
ATP > AMP + PP

Active space
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METABOLISM OF NUCLEOTIDES

Purine metabolism 00:00:57

e Novo Purine an’chesis :
Occurs in most of the tissues (cﬂ’roplasm) but mainly in the

liver.

De Novo 55rrthesis doesnt take place in : Brain.
aﬂ&hrocgte.
LzeuKoca’ce.

Bone Mmarrow.
Theg purelg depend on the Salvage pcx’chwag.
Contributors to Purine ring : The folic acid component in the
purine ring p\ogs an important role in cancer treatment and
its de%ciencg con cause defective DNA synthesis.

Qesp‘m&org
coa

@marrowegliion6notes _»Syene

Amide Nitrogen o
Glutamine

Steps of De Novo Purine 55n’chesis :

HO PPi

i ) * Phosphoribostjl
Phosphoribosyl \_" i
Erosfere gm;p pyrophosphate ; e\lutama&em

eds sanoy
3

Glutamine

Nucleotide monophospho&e

Ist Purine} Inosine
ame).
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AmMino group Asparfo&e l L Glutamine
Donor xf \]/

Adenosine GuanNosine
monophosphate monophosPho&e

* PRPP S&n’che{'ase : Prel'\minar}j step
Qegula‘corg step
* PRPP can go into ditterent pathuways :
Salvage podhwaﬂ.
NAD" an’ches‘\s.
P}jrimidine swx’chesis.
* PRPP Glutamy| Aminotransterase : Committed step of
purine an’chesis
Qegulakorg step
Rote \im'rhng step

Salvage pathway 00:11:13

Purine nucleoside and Purine bases are recgcled o Purine
nucleotides * @marrowedition6notes

o - r‘el\‘l\tjsis

T
Purine nucleotide 2:04)
Tp
Ribose l\> PO, >
* e Purine nucleoside

PO, l\> Ribose/deoxyribose
Purine base
uric acid
Feotures :
. Soves energsj.

a. effective recycling.

3. Important in organs without De Novo Purine sanﬁf\es'\s.
Donor for Ribose and PO, : PRPP. The reaction is called
Phosphoribosﬂlo&ion.

Biochemistry - V4.0 - Marrow 6.0 - 2022
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Biology
Donor for PO, : ATP. The reaction is called Phosphorglahon.

Reactions :
H&PRTose
I PMSphor\b055la&\on —— —>PhosPhonbosg| transterose
Pu—>PURP
RT P H thi i :
HGPRTose ypoxanthine Quanine PRTase Bet Bex
o. Hﬂpoxan’ch'\ne/ Guanine Inosine

HePRT
monoPhospho&e/ Guanosine monophosphode.

APRTase
b. Adenine ——> Adenosine monophospha{'e
PRPP PRI

APRTase : Adenine PhosPhoribos5| transterose.

a. Phosphorglahon — > Kinase
ATP ADP

Adenosine Kinase
Adenosine ———————— Adenosine monophosphate

Purine catabolism 00:20:05
@marroweditiontnotes

Site : Dietary Puriné'aegmneu'm‘ﬁ'mfesnne. -

&ndogemus are degraded in : Liver.
end product : Uric acid. Organelle : Cytoplasm.
Steps of purine cotabolism :

Adenosine
Adenosine X SCID
J/deaminase \mnunode’?\c\encg disease
Inosine Guanosine
\ Purine nucleoside
o ribosyl transferase / N
poxan’chme Suanine
Xonthine Guanine
z ox‘ndase deaminase
;E Xarthinu- H.O, x:m'kh\ne
N ria ' Xonthine
X oxidose lk HO,

uric acid

Biochemistry + V4.0 - Marrow 6.0 - 2022



* 3CID (severe combined immunodeficiency defect) :
Adenosine deaminase defect.
Both B-cells § T-cells are aflected,

. \rrmunode?\cien% disease :
Purine nucleoside ribosyl transterase defect.
T-cells are affected § B-cells are normal.

* Xanthinuria :
Xanthine oxidase defect.
Xanthine crgstods are seen with Hypouricemio.
Xanthine oxidase requires mMolybdenum.
Allopurinol inhibits Xanthine oxidase.

Disorders associated with Purine metabolism  00:25:46

H&PRTosE de%ciencg ;
. Lesch N5han SBndrome :

X linked recessive disorder.
Biochemical defect : HGPRTase comp\e’celﬂ deficient.

Hypoxanthine/ ] % ime/ g
Quanine ame é
Purines accumulote — Increased uric acid (Hﬂperuricemio\)
Clinical features :
* Compulsive self-mutilotion.
* eout

Biochemistry + V4.0 - Marrow 6.0 + 2022
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o Dgs‘con'\c movements.
* megoaloblastic anemia.
* Neurologjical deficit.
Treatment :
* Alopurinol (nhibits Xanthine oxidase).
* High fluid diet.
* Alkalinize urine.

a. hel\eB—SeeSm‘\l\er androme :
H&PRTase is par’da]\ij deficient.
2 1.5-a% acﬁvi’cg +

APRTose de%c'\encg :

APRTase
17T adenine —%—> ame
Oxidotion PRPP PP
3,8 dihydroxy adenine
a,8 d’\hﬂdroxg adenine couses : Severe crystalluria cousing

@marrowedition6nBi¥ spots in the diaper.

Gout 00:31:36

uric acid chS{’on Ist me&a’carsophalangeal Jjoint Chronic Sowc

aseds aandy

S N
VRIS ACTD (V- 3.9

Meso.{NeB bire%rinsen’c
uric acid cn:js&ods

urote crgstods in
Sl e (seen in synovial Quid)

Biochemistry V4.0 - Marrow 6.0 * 2022



Biochemical defect :
= 1R pr'\marﬂ Sou&
Enzyme defect :
T Activity of PRPP synthesis —— Purine— T uric
acid
? Activity of PRPP Glutamy| j
omido transterase
Couses : Lesch M5han 55ndrome.
&lucose-b-phosphatase deficiency : von Gierke’s
disease (Type | 65O
* In secondarg gout

|
¢ )

Decreased excretion of

1 cell turnover
l uric acid, Couses :
®* Loctic acidosis
malisnancﬂ ‘ e
. * Renal failure
Aogrovoking Factors of qout o oy retics (Thinzides)
* Alcoholism.

* Increased Purine intalse dneadde ditionbnotes
* Junk food : Fructose rich — Hyperuricemio.

ngp’coms of gout :

v o
Acute _ Chronic
* Acute in-‘%\amm'corﬂ S q‘i‘éﬁﬁfv'"
orthritis

®* uric ocid nephroli’c’niasis

Diagnosis of Gout : Aspiration § examinadion of synovial fluid.
most commonly afects the first metatarsophalangeal joint

because the acid crgs’coeli?,&s commonly ok the cold
peripheries.
Treodment :

* Allopurinol.

* High Sluid diet.

* Alkalinization of urine.

* Anti-inflarmmadory drugs.

* uricosuric drugs (Probenecid).

* Prevent agoravating factors.

Biochemistry V4.0 - Marrow 6.0 - 2022
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SCID & Severe T-cell defect 00:40:25

SCID : Severe combined imwmode‘?\cier\cg.

Defective enzyme : Adenosine deaminase.

mMost common cause : Defect in gamma. chain of o
Non-homologous end joining (NHE.D (defective DNA repair) is
also a couse.

Both B-cells and T-cells are afected,

The first disorder to be treated by gene theropy (b5 or.
French Anderson : Fother of gene {’r\erapg).

enzyme Replacement Therapy (ERT) : Polyethylene glycol
modified ADA is also o treatment modality for SCID.

Purine nucleoside phosPhorH\ase defect :
Severe T-cell defect and B-cells are apparen’dg normal.

Pyrimidine metabolism 00:43:27

Site : Liver) marrowedition6notes
Organel\e : %’cop\asm and mitochondrio.
c0Aa + Gglutamine

(Cﬁ{'oplaSm)lcPS ! R
Carbamoy PO, , P e
o ale
%par toke In %&OP‘ osm
| Transcarbamog\ase.
w1
Carbamogl
Aspartote
Dihidroorotase e
D'\hgdrooro’dc acid ) _ .
g NAD+ Dihidroorotate - aniadc
% NADH | dehydrogenase step
Orotic acid N\ ume synthase
PRPP | oPRTasE (single polypeptide)
|
pgro’co&e monophosphate (OMP)

Biochemistry‘ * V4.0 - Marrow 6.0 - 2022



co, <lome decarboxglase
uridine monophosphate (Ume) : I* Pyrimidine nucleotide
ATP | diribonuceotide

ADP reductase

ATP QNS N, Methylene > Dihydrofolate
ADP THFA H_Folote reductase
qu dlmp
cTP Th}jmidgla{e
sgrthase
SSn‘che’case NP h
cTe Lo

S—=Fluorouracil inhibits Thgmidg\a’ce SBn‘chase.
mMethotrexate inhibits Dihﬂdro%lafe reductose.

Orotic aciduria 00:54:04

Defect in the De Novo synthetic pathway of pyrimidines.
Autosomal recessive. _

T 11O acina.| Do T i SNOIES e
ype 2yme um
SBn’chase.

Decreased UMP synthase leads o decrease in CTP § TNF.

Resulting in decreased pyramidines = decreased DNA
sgn’ches'\s —> macrocytic anemio.
Type Il Orotic aciduria. : Defect in OMP decarboxylase only.

end products of Pyrimidine cotabolism :
cﬁ%osini /umcil Thﬂm'\ne
B — Alanine B — AmMIno isobu@ro&eﬂ Wader soluble
Therefore they do not erystallize and no symptoms seen.
Conditions causing Orotic aciduria
* Type hgperammonemia :
e ——=2 Tc:ar-bamo5| PO, (mitochondrio)

CP (%’coPIasm) 7 Pyrimidine synthesis

Orotic acid

Biochemistry + V4.0 + Marmw 6.0 - 2022
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. Qeﬂe’s syndrome : | “

Defect in mitochondrial enzymes (Ureo. cgcle enzgmes).
Increased CP leads to orotic acidurio.

Pseudouridine :

It is found in the pseudouridine arm of tRNA.

_ uridine = Uracil + Ribose sugar
- epetigoardine = C.Pyr + ¢/ Pentose sugar.

Pﬂrimid'\ne Sod\lage po&hwag :
P}jrimidine nucleotide
X P}jr'\m'\dine nucleoside
P5r'\midine base

Cose:

Al mnkk@M%mMégﬂwe to thrive, macroeytic
h5pochromic anemio. Bone marrow examination showed
mesodoblas’c. No response to Vitamin I3 or Folic Acid or Iron.
Whot is your diagnosis?

Ans. Orotic Acidurio.

oeds aandy
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STRUCTURE AND ORGANISATION
OF DNA

Introduction

00:00:19

Dark lady of ONA : Rosalind Franklin,
Structure of DNA is called as ‘Wadkson § Crick model of DNR
discovered in 1953, for which Wadson § Crick was aworded

Nobel prize in the Year 1963a.

Salient features of structure of DNA :

Two Polgdeoxg ribonucleotide
strand twisted around each
other in riSh‘t handed direction.

Hand rails : Formed b5 sugou i phosphaote; steps)? Formed bg

bases.

Anti-parallel arrangement of & strands of DNA : One strand is
olways in s = 2 direction. While the other strand in 2’ = &

direction.
Diameter of DNA is anm.
Bose pouring rule:

Adenine (® always pairs with thymine ™ by two hydrogen

bonds.

Guanine (&) pairs with cytosine © by three hydrogen bonds.

Adenine S pairs with
Tham'\ne b5 a Hgdrogen bonds
3’ end S end
Suanine pours with
sine
b}j 3 H}jdrogen
bonds
s end 3 end

Biochemistry - V4.0 « Mar!'ow 6.0 - 2022
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(‘hargo&ﬁ’s rule : It states thot number of purines = number

of pﬂr'\m\dines Chargas$ rule
Adenine —— Thgm'me
GQuanine gmum} Sm— ‘ Cytosine
Purines  mmm Pyrimidines

Base Stadﬁins DN :
* The bases are aromatic and nonpolay; ’t’ne5 stack on
each other by vanderwaal’s forces called base stacking.
* The vanderwaals thickness is 2.4A% overage of 10S
bases per tum, thus the pitch of helix is 24 A°.

Diameter : 3 nm. 3 End_gug ' E0d
. ) minor Sroove mogor Sroove
Minor § major grooves :
The5 are the sites for DNA
protein iggafegtieswedition6n
S end 3’ end

Different types of DNA 00:09:27

b forms of DNA :
* 2 = Left-handed.

A form & form 2 form
Right-handed Right-handed Lett-handed
Nop/turn 10.5bp/turn 1abp/turn
eroad § short Longer § thinner glongated § thin

Important $acts :

* MOt HBpIR DRNRATS yYorm ™

* The form of DNA preferred in a solution devoid of water
is A form,

* The back bone of DNA is 2ig 2ag in 2 DNA.

* The DNA found in low salt concentration and high
degree of hydration is & form.

* The DNA found in high salt concentration is A form.

aoeds 8AlOY
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* 2 ONA is Found predominantly in certain regions where
pyrimidine olternates with purine (most commonly C §
&.
* ONA complimen’carg t0 MRNA : CONA.
* Chimeric DNA is formed when DNA of interest joins with
Veckar-DMAL ca:
* 2 form found at the ends of the chromosome.
mMitochondriol DNA :
* 1% of cellular DNA.
* mitochondrial DNR is double stranded, circular and has
about 16,569 bps.
* Human mitochondrio has a-10 copies of DNA.
* mitochondriol DNA encodes 37 structural genes for
3 rRNAS (IbSrRNA and 13 SrRNA.
aa mitochondrial +RNAS.
13 proteins of ETC (electron transport chair.
b x 10° bp present in human diploid chromosome.
13 proteins of €TC are :

* 7 Subunits of Complex b o rrowveditionBnotes

. (',5& b of complex .
* 3 Subunits of Complex V.

* 4 Subunits of ATP synthase.
Out of 67 subunits in €TC 12 are by mitochondrial DNA that
constitutes 19%.
unique feotures of mitochondriol DNA :
* mitochondria has o unique genetic codej Only aa 1RNAS
are involved in translation in mitochondria.

Codons Nuclear code mitochondrial code
AUA Isoleucine methionine
UGA Sﬁ)p codon Tr':jp’cophan
AGA, AGG Arginine Stop codon

* mutotion rote is very h'\sh because :
I. No introns.
a. No protective histones.
3. No effective repair enzymes.
4. s exposed to oxygen free radicals, generoted by
oxidative phosPhonjlo&'\on.

Biochemistry - V4.0 - Marrow 6.0 * 2022
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* mitochondrial ODNA has non-mendelion hjpe o
inheritance (c5’cop\a5mic inheritance) known as
Matrilinear inheritance.

Denaturation of DNA 00:19:06

Also Known as ‘mei’c'\ng of DN,
The process b5 which two strands are separo&ed in to
componen’c strands.

Features of denaturadtion :

* ereaking of hydrogen bonds.

* Base stacking also disrupted,

* Phosphodiester bond is not broken.

* No Covalent bonds are broken,

* Primary Structure is not altered.

* Secondary and tertiary structure altered,

¥ \/\scos‘rkg is decreased.

" ieregse D ARSI cated
h5perd'\romic'rt5. DNA absorbs aOnm uv lishk.
Denaturation is identified based on the i the »40% of
uv l'\sh’c passed Jdnrough the DNR is absorbed or not.

melting temperature (Tm : midpoint of range of
temperoture over which the two strands of DNA separates.

Feotures of Tm:
* Base composition.
* Salt concentration.
* A10-Fold increase in monovalent metal ion concentration
increases the Tm by lbb degree Celsius.
* Formamide : Destabilizes the hydrogen bond.

Supercoils & topoisomerases 00:24:56

Positive Superdoils : DNA is wound in the same direction as ot
DNA helix ie., clockwise or right hand.

Negative recoil : DNA is wound in the opposite direction as that
of DNA helix e, anticlockwise.

Biochemistry - V4.0 « Marrow 6.0 + 2022



Topoisomerases *
* Also known as n'\c}ﬂing releas’mg enzymes.
* Relieves ’copologicod constraints of DNA.

45 gtructgre and
rganisé

® Tgpes :
Type | Type 3
mMakes s'mste stranded mMakes nicks in both the
nick in the DNA. strands of the DNA.
ATP is not needed. ATP is needed.
Organization of the DNA 00:27:30

Pro\—sargoﬁc DNA is not organ‘\zed.
au«arﬂohc DNA is o high\g organized structure.

Levels :
i. DNA double helix.
i. 1onm chromadin Kbril.
iii. 30nm chromadtin fbril.

iv. Nuclear scafSold (nterphase, sheomesPmed, e
V. me’caphase chromosome.

Ionm chromadin Rbril :

* made up o¥ Nucleosomes (Nucleoprotein complex).
Nucleosome consists of a histone octamer and DNA
wound around it.

* 7S turns (Ya turng) in a histone octamer.

* Left-handed direction.

* Solenoid structure,

20nm chromadin fbril : Has total of © nucleosomes.

Histones :

* most abundant chromadin protein.

* Histones are positively charged (ONA is negatively
charged). lonic bound found between the DNA and the
protein.

* Amino terminal of the histones is rich in basic proteins
like arginine and lysine, hence the positive charge.

Biochemistry * V4.0 « Marrow 6.0 + 2022
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* Histones classification :

Linker histones

Core histones
Present in the histone mMake nicks in both the strands
octamer. of the DNA.
HoH,H Hare the H histone ¥owunuuw.u}m-*-~
cores histones. reqgion.

The linker DNRAS connecting the nucleosomes hos a 'beads on
string appearance!
Around asbps are presen‘c in the linker DNA.

Euchromatin & heterochromatin 00:38:06
euchromadin Heterochromadin
Less der\sel5 packed. Der\selg pacKed.
Transcripﬁonal\g octive. Tmnscr'\p’ciono.l\5 inactive.

Chromatin stains less densela. Chromadin staing densehj.

Perm\@@ éﬁ@%d ition6 n@&@sswe chromadin.

Types ot heterochromadin :
* Constitutive : Centromere, telomere.
* Facultative : One of the ‘X-chromosomes’ in females.

Q. I¥ asample of DNA has adenine a3% what will be the
amount of quaninge present ?

o. 33%

b. 3S%.

c. 46%.

d. 31%.

e. S4%.

Q. Which is more susceptible o alkali denaturation,

RNA or DNA ?
RNA is more &;soephble ‘o alkali h‘kjdro\}jsis than ONA. The

free hgdroxyjl group is responsible for rapid alkali hgdroliﬁsis.

Biochemistry V4.0 » Marrow 6.0 - 2022
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DNA REPLICATION

Introduction 00:00:51

Defnition :

DN replication is the process by which copying ot base
sequence present in the parent strand to the doughter
strand takes place. it helps in passing the genetic informadion
to the progeny

Salient features :

It takes place during the ‘S’ phase of the cell cycle.
Both the strands of DNA act as templote.

Half of parent strand is conserved (semiconservative
modeD.

Base pairing rule is odwaﬂs obeged,

New strand is always synthesized in §'—>3 direction.
DNA replication is a bidirectional process.

s a semi—dﬁwnhn@h%gm;éd?ﬂ@ﬁgﬂ%@§

o leading strand (continuous) § a lagging strand
(discontinuous).

Pricner ic ronuirod Lar_omin m{\limﬁon,

Steps o?iowa replication :

\dentification of origin of replication ©rv.

3. unwinding of DNA.
3. Formation of replication fork.
4. ONA synthesis (eading § lagging strand).

Identification of Ori, unwinding § formation of replication fork :

€ Porentol DNA

Biochemistry - V4.0 « Marrow 6.0 + 2022
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Identification of origin :

Ori is identified by certain proteins :

Ori &F : Ori binding protein. This protein binds to the origin of
replication.

Near the origin of replication, an AT rich sequence is present.
The AT rich region in eukaryotes are known as DUE (DNA
unwinding element.

The OriBP binds to the Ori and the AT rich region unwinds.
The $3& (single strand binding proteins) prevent the relinking
of reannealing of separated DNA. In humans the $S8s are
known as RPA (repetition protein M.

Once the DNA is unwound, a. bubble likes structure is formed
with a replication forks ot each ends.

DNA synthesis 00:12:41
Origin of replication lagging
leading strand Sar
@ma_rroweditior1@,;;1,(.:1§@\s1,\dl o S O D~
shingona template < Overall direction 5,
clamppolymerase i / of replication

Slding / ( DNA Ligase
‘“58""8 i f Po\gmerasel

*eﬂ\P‘Q{'e :&?\m Trrrt o o lIIL:g‘sellTl1 o TTT
synthesis LLL\}‘OH \:p: ,[J'u' “‘Lkl*o—g—o
o O (o

Leading strand &emplo&e :

The strand running in the 3 40 S’ direntin~
Leading strond 55n'thes‘us :

* 1" step : RNA primer synthesized in >3 direction;
medioted bﬁ enzyme primase.

* a™step: Synthesis of new DNA (leading strand) in
continuous manner; medioted by DNAP-III Gn

Biochemistry - V4.0 « Marrow 6.0 - 2022
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proKargo&es).
New strand from S’ 4o 2’ direction.
Lagqing strand synthesis
* I step : RNA primer synthesized (by enzyme primase).
* 3™ step : Okazaki fragment (short strand) synthesis;
medioted b}j ONAP-I\.
* 3" step : Removal of primer 5 R ing of gaps; medioted
b5 DNAP-I.
* 4" step : Sealing of nicks by DNA ligase (requires ATP).

rejoining of
nicked strand

nick displacement of

. /] / dsONA (sgvhesis

nicked strand
s N\ \ ;
)— - —_ ligase 42 1 strand)
ONA
Poltjmerase m

SSONA (55nthesis
of a™ strand)

Enzymes of DNA replication & their function  00:22:40

* Topoisomerase : Prevents:torsioneli stvainnotes

* Helicase : unwinding enzyme along the direction of
movement of replication fork, ATP driven enzyme.

* DNA primase : RNA primer 55n’ches'\s.

* ONA ligase : Seals the nicks.

* ©ONA polymerase : Acts only in S>3’ direction § requires

pr'mer.
DNA polymerase : Aets only in g3 direction.
Requires primer.
ProKargorhc : &uKarfjo’dc :
DNA polymerase | (ONAP-D. DNAPa.
DNA polymerase If (ONAP-ID. DNAPB.
DNA polymerase I (ONAP-ID. DNAPY.
ONAPS.
DNAPE. g
<
DONIAP-I

* Also known as hombers’s enzyme.
* Discovered b3 Arthur homberg in €.coli bacterio.
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* ¥lenow polymerase/ fragment : DNAP-1 from which
s'—>13) exonuclease
ac’dv‘&ﬂ is removed,

* Actions : Removal of primers, DNA proot reading, DNA

repan runction (major).
DNAP-11 = DNA proot reading § DNA repair (minor).
DNAP-II > Leading strand synthesis, Okozoki $m5men'c
synthesis, DNA proot reding,
most processive DNA polgmemse.
DNAPB —> |'s the major DNA repair enzyme.
DNAPY —> Required for mitochondrial synthesis.
DNAPS —> Required for lagging strand synthesis.
DNAPa — Responsible for primase activity.
DNAPe —> Required for leading strand synthesis.

DNAPE, DNAPY, DNAPS —> Have proot reading mechanism.

DNA - damaging agents, defects produced,
repair mechanisms & associated disorders 00:33:11

Lo\ 1

@TMAITOWETItIONONotES

Agent Defects Repair Associated disorder
produced mechanism
lonizing ds breaks. Non- NHE) 1S associoted with severe
radiation homogenous combined immune de%t‘.iencg
5 anti- sS breaks. end joining o).
cancer (NHe. HR iS associated with :
drugs. Cross links ATLD (akaxia—kelansiec&asia
(inter/intra. | Homologous like disorder).
strand). recombination | Nijimen 8reak syndrome.
HRD. gloom’s syndrome.

werner sgr\d.rome.
Rothmund — Thomson

SBr\drome.
BRCA |5 a.
uv Iishk-ﬁ 6ulh5 Nucleotide Xeroderma pigmentosa.
chemicals. | adducts. excision repair. | Cuckayne syndrome.
Pt:jrmidine TriC\'Mhiost*rophg.
dimer.
Ox&gen Abasic sites. Bose excision mu':5h polapos‘\s.
radicols § repair.
ab‘ajla{ins
oS, i
Replication | Base mismatch Hered‘;&ara r\on—poll.jposis colon
error mismatch repair. cancer (also known as Lynch
(insertion/ syndrome).
deletion.
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A6 DNA Replication

NHE) ¢
* There is loss of genetic material.
* s the major mechanism in humans.
HR :
* There is exchange of genetic materiols, ?\nod\ﬂ leading
%o correction of the defect.
* s the major mechanism in yeast.
Xeroderma. pigmentosa. : Helicase enzyme is the defective
enzyme.

Telomere & telomerase 00:43:07

Telomere :
- s e enus or me chromosome’.
* Hos ‘TTAGG repeo@cs’.

&nd replication error :
* Once the primers are removed, it leaves a. gap at the '
end of the doughter strand.
* 2 end of a parent siaRd K Adtveplicsted Oles
* 1% not corrected, it may lead to shortening of DNA
(generoation after generatiory.

Telomerase enzyme :

* Also known as terminal telomere transterase.

* I¥s a ribonucleoprotein.

* I¥s a protective enzyme.

* It corrects the end replication error in certain cells.

* It has an intrinsic RNA primer;, which is comp\emen'mrij
to the sequence that is present at the ends of
chromosomes (TTAGG repead). This helps it o easily
codch on to the ends of the chromosome and corrects
the end replication error.

* It has reverse transeriptase ac{"\\/'t\'ﬁ.

* Absent in somatic cells.

Active space

* Present in germ like cell, stem cell, cancer cell.
* Increased telomerose ac’dvi’g couses concer.,
* Decreonsed telomerose act'wi&g couses premMe 0‘5"“3
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(proger o).

* toactsas ’carse‘( for drug development for anti-cancer

drugs.

o Haﬂﬁ\'\clﬁ limit = after »S0 cells division replicotion
po’ten‘c'\od becomes nil.
This is because of the absence of telomerose achv‘u'(g.

Difference between prokaryotic & eukaryotic

DNA replication 00:54:21
Prokaryotes gukaryotes

ori Single multiple

S58 SSe RPA

Primose Dno& DNAPOL

DNA synthesis DNAP-1I| DNAPE (eading
strand); DNAPS
(lagging strand)

Removal of DNAP-1 RNase H / Slap

Pr.mer@ marrowedition6notes | o donuclease

aoeds 8A|}OY
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TRANSCRIPTION

The process b5 which RNA is 55n’chesized Srom DNA.

Salient Features 00:01:39

I On\g | strand acts as a &emp\odte.

RNA
g [
3. S Template strand /
minus (=) strand /
Antisense strand

) )
Non- S \L 3
kemp\od'e
strand  Coding strand/ Plus strand/ Sense strand ™~ -

3. RNA is synthesized in the ' — 2’ direction Because RNA
polymerase con act in the same direction onla.

3. No primer is required,

4. The newly synthesiZed/RNA Sequence S e same as
the coding strand (exception : T is replaced by W §
complementary to the templote strand.

RNA Polymerase (RNAP) 00:05:51

. ProKarﬂoﬁc RNAP :
Onl5 I ’c5pe RNAP
mMulti-subunit enzame.

—> Sisma subunit
& Holoenzﬁme
Core enzﬂme

Sigmoa. subunit : Helps in the binding of RNAP to Promoter
site.
B - subunit : Ca’mla’cic subunit.

" Wﬂorhc RNAP :
3 types RNAPS. Classified based on its sensitivity
towards a. poison in mushroom (amanitiny.

Biochemistry + V4.0 « Marrow 6.0 + 2022
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RNAP a-amanitin Products
sensi’dvi’cﬂ

RNAP | |Least rRNA (most
abundant)

RNAP I H'\Shes& MRNA, MiRNA,
SNRNA, INCRNA

RNAP Il | Intermediate tRNA, SSrRNA,
certain SNRNA

Promoters of Transcription

Leave Feedbac

00:12:38

Promoter : Conserved sequence in the coding strand that
specifies the start site of transeription (boxes or elements).

s Promoter ;
3
=N
W VITTTTT T T T
Start site
promoter<«—| LI | I O I O |
Regon @ -8 -l H +3 +3 +4 +S

Upstream < — Downstream
elementsroweditionbnote elements

Bocterial promo’cers :
* Pribnow bgx: = 10k~
* Tgg box: - 3sbp

Pribnow box
S) 3)
-3S bp -0 bp

3’ ﬁ S,
+|
amrao’dc promo&ers :
* TATA box/HoSness BOX : = aSbp
®* CARAT box: —-'zsbp

* &C box
CART box  TATA BOX/ HOGNESS BOX
VA A
& 4 4
-1Sbp  -asbp
+

Biochemistry - V4.0 + Marrow 6.0 - 2022
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47 Transcription

Promoter less sequence : No promoters.
Additional promoter elements :
* Inr (nitiator sequence)
* DPe (Downward promoter element)
Promoters are upstream elements, and ’cheg are not

transeribed,

exception : \n&mgen‘\c/ Downstream promoter — Transeribed,
&xample : RNAP .

Transcription Cycle 00:20:46

.. Template binding { closed promoter complex.
a. Open promoter complex.
3. Chain initiation § chain elongation.

4. Chain termination.
RNAP e
NOQL = MO
ONA
@marroweditﬂon6notes

RNAP

Open promoter complex M

Terminadion :

* P dependen’c

* p independent
p dependent terminadion :

* p factor binds to the RNA — DNA complex.

* p factor is an ATP-dependent RNA — DNA helicase —>

detaches the RNA $from the DNA.

p independent terminadion : The templote strand has
termination signals (&C rich region and U rich regjon).
&C rich region forms intrastrand base pairing, that is, hairpin
structure. This is followed by the U-rich region thot forms
bonds with the A region, which is comparatively weaker.

Active space
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Hence, RNRA detaches from the DNA.
Post - transcriptional modification (PTM) 00:27:13

Prokaryotes : All RNA undergoes PTM except mRNA.
Eukaryotes : All RNA undergoes PTM.
PTM in MRNA :
T L me’chg\guanosine capping
At the 9 end = 7 - methyl guancsine cap is added.
Steps :

* TP is added to the S end by Guanylyl
tronsferase, in the nucleus o the mRNA (a/k/a
Primary transeript/ hnRNA (heteronuclear RNAD.

* In the cytoplasm, methylation ok N of quanocsine.
methyl donor: SAM (S-Adenosymethionine).
gnzyme meh5Mms¥erase.

Functions :

* Prevents the attack of § — 2’ exonuclease.

‘astabiizesdhe mRNR e s

* The cap binds with cop-binding complex —> Helps
in the attachment of MRNA 1o the 40S ribosome of
the translating i‘hachmerg —> Initiation o¥
translation.

a. Poly A ail ot the end
40 — 300 Rdenosine residues are added to the Primary
transcript at the 3’ end.
gnzyme : PolﬂadenBla‘ce polymerase.
Functions :

* Prevents attack of 2’ — S exonuclease.

-*  Stabilizes the mRNA.

* Poly A tail binds %o PAS | (Poly A tail Binding protein)
— Helps in the attachment of the mRNA to the
405 subunit —> Initiation of translation.

aoeds aAnOYy

PTM - Removal of introns & splicing of exons  00:35:54

Introns : Unwonted resions/ non-coded to the proteins.
EXONS * The5 are coded to the pro’ce‘\ns

Biochemistry + V4.0 « Marrow 6.0 - 2022



47 Transcription
I §

exons in human chromosome : 1.14% : > Exon — intron
Junc’cion
£X0N Intron (] &xon
(== q
s’ end ’ J
of intron € ,
(Donor site)  granch site ——>3 end
(adenosine of intron
residue) (Acceptor end)
S&eps :
* SNRNA + Protein — SNRNP
S dOf\Xf site A acceptor site

| T

£xon | INTRON £x0n A
eranch site (Adenosine)

J SARNIP Cuts & donor site

= a’OHSrp

{
[

£xon | s £xon a
WITH

3’ OH froms bond A S’ po,=>a' -¢ phosphodiester bond

J
el 2 OLV ea

,3 - S' POE bond o
€l 7 @mrarroweditio
CD_— INTRON — Lariat structure

This intron is desraded

Spliceosome 77 00:45:29

3 components :
* SPRNA : Transeribed by RNAP 1), Uracil rich (W, ua, u®
example of the ribozyme.
* SARNA + Proteins —> snRNP (small nuclear
Ribonucleoproteins).
A/w/A sourps.
An awtoimmune disorder associated with snurps is SLEe.
* SPARNP + exon — intron junction of primary transeript
(hnRNR) — Spliceosome.
Self-splicing introns :
* Discovered b5 Thomas Cech.
* qroup | introns :
No Lariat formodion.
* Group I\ introns :

Active space
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Lariat structure is formed.

No ATP is required for both groups.

3. Alternate mRNA processing/ DifSerential RNA processing,
The exons can be spliced in different alternative ways
so that difterent protein products can be produced
from the same gene.

* Oifferent Isoforms of the same protein can be
generated.
* membrane bound § secretory immunoglobulins.

RNA editing ~ 00:50:55

* 0.0% mRNA undergoes this mechanism.

Emp\e LI ‘ﬁ\mpqlwg gewa .
'

apo & MRNA
\l, 100 % Transloted

apo & 100
* In intestine : apo & gene
@marrowedltlogp@lfg;gs

o \GLM e W
cg&osine Deaminase
\L(c —-w

Questions :
I. MRNA without po\ga tail : mRA of histones.

3. Poly A (ARARR) codes for : Poly lysine.
Poly & : &lycine
Po|5 u: Phenglodanme.
Po\5 C: Proline.
2, hnRNA without intron : hnRNA of histones.
4. Site of post {mnscriphonaj modification : Nucleus.
S. SNORNA : Small nucleolar RNA that is involved in RNA
process'\ns.
Site of RNA processing : Nucleolus. S0, called nucleolar RNA.

Biochemistry V4.0 - Marrow 6.0 - 2022



TRANSLATION

Introduction 00:01:04

Definition : Translation is the process in which protein is
synthesized from RNA (MRNAD).

Site of translation : RER (rough endoplasmic reticulum), Tree
ribosome.

Genetic code & Representation of amino
acids in DNA 00:01:57

Genetic code :

Definition : the relationship between o sequence of DNA and a.
sequence of amino acids in the corresponding polypeptide is
called genetic code.

Cracking of genetic code was done by Marshall Nirenberg
oand H. §obind Khurana.

Cistron : it is the smallest uArt 6F genetic expression, which
codes for a polgpephde chain.

E:uKargoﬁc MRNA iS monocistronic and proKargoﬁc MRNA can
be polycistronic.

Representation of amino acids in DNA :

¥ 1 base represents | amino acid, then only 4 amino acids can
be represented.

I the base sequence is of 3, then Ib amino acids can be
represented,

I¥ the base sequence is of 3, then b4 amino acids can be
represented, ;

(Triplet nucleotide sequence is sufSicient to represent the a0

omino acids).

Codon and salient features of genetic code 00:08:49

Codon :
Definition : the triplet sequences present in mRNA
representing specific amino acids are called codons.

Biochemistry - V4.0 - Maryow 6.0 - 2022
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Stop codons : Among the b4 codons, 3 are stop codons
(terminator codons), namely UAR—Ochre, UGA-Opal and,
URG—Amber.
(UGA can be recoded to selenocysteine § UAG con be recoded
to pyrrolysine).
Inttiator codon : AUG is the inttiator codon; (Met in
eukaryotes § N-formyl methionine in prokaryotes).
AmMino acids are represented b5 a single codon — AUG-Met
(methionine), ue&-Trp Gryptophor.
AMiINo acids are represented by the largest number of
codons (b codons) — Ser, Lew, Arg
Salient features of genetic code *
* Genetic code is degenerate (redundant) e, amino acids
are represented b5 more than | codon.
Degeneracy of the codon mostly lies on the 3 base of the
riplet sequence.
* The genetic code is unambiguous;) o codon represents
only o specific amino acid,
* et 008 00N NETIARRIS
* &enetic code is non — punctuated ie, there is no comma
or semicolon in between.
* &enetic code is universal ie, o specific codon represents
o specific amino acid, in all the species.
An exception is mitochondrial DNA.

Cellular machinery for protein synthesis
and wobbling 00:16:50

Cellular mouchinerﬂ :
Ribosome = rRNA + specific proteins.
. 'aumrg,padp,ﬁbosomes contain ArRNIAS and 80 difSerent
proteins.
* 4 types of rRNA in eukaryotes : 38S rRNA, 1BS rRNA, S.8S
TRNA § SS rRNA.
. &uKargo’{ic ribosome is also known as 80S ribosome,
divided into 405 and 60S subunits.
* The 405 subunit has I18S rRNA and 30 proteins; the ©0S
subunit has a8S, .85, and SS rRNA and SO proteins.

aoeds eAOy
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Transfer RNA ARNA) :

i,

Also called soluble RNA (sRNR).
The shape of the tRNA : the secondary structure
is clover leaf-shaped, and the tertiary structure is
L-shaped,
Smg‘e IRNA contains 74-9S nucleotides.
RNR contains the largest number oy unusual bases
(dihydrouracil, pseudouridine, hypoxanthine).
RNA contains Thymine (pseudouridine arm contains
ribo’dwgmid\ne).
Arms of tRNA :
AmMino acid attachment site

nnhcpdon loop —»

Anticodon arm
AcCeptor arm : Has 3 unpaired nuclectides CCA ok 3
end; binds the specific amino acid,
Anticodon arm : Nucleotide sequence complementary to
the codon; binds 4o the codon in the mRNA.
DHU arm / D - arm — recognizes the specific aminoacy|
RNA synthetase enzyme (helps in addition of the
amino acid o the acceptor’s arm.

. Pseudouridine arm : Binds the charged tRNA to the

ribosome.

Udobbl'\ng :

Codon : Anticodon interaction at the 3rd base is not very
strict. ;

For example : The anticodon loop of 4RNAPhe (RRA or ARS) can
interact with codons UUU or UUC in MRNIA,

The reduction of the number of tRNIAs is possible due to
uoobbl'\ng.

Biochemistry + V4.0 + Marrow 6.0 - 2022
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The phenomenon of wobbl‘mg was put forward bﬂ waodson
oand Crick.

Steps in translation & Energetics 00:29:54

Steps in translation :
. Charging of tRrnA.
a. Initiation.
“ed7 8\on5aﬁon.
4. Termination.
Charging of tRNA :
Anticodon arm : UAC —> DHU arm recognizes the specific tRNA
synthetase —> specific aminoacy| {RNA synthetase
(ATP -> AMP) = methionine —> amino acid is ottached to the
acceptor’s arm.
Identification of the initiotor codon:
* The first AuG sequence after the marker sequence is
defined as the start codon.
* MogRn sRRUARSEiaIBiRsYetes : Shine Dalgarno
sequence.
* Marker sequence in eukaryotes : Kozak Consensus
sequence.

Initiodion o protein synthesis :
Involves 4 steps :
. Disassembly of ribosomal units (using elF3, elFIR).
B80S —> L0OS
> 405
a. Formadion of 80S initiation complex :
&TP + elFa + met tRNA (Ternary complex)
} < 40S subunit
43S preinitiation complex
J < mRNA
48S initiodion complex
&TP, elIFa << | < (0S subunit
80S initiation complex

Biochemistry - V4.0 - Marrow 6.0 - 2022



E,longahon :
Catalyzed by proteins called elongation factors (€.
Ws a multi-step process that includes :
. Binding of aminoacyl tRNA to A-site (requires eF-1, TP
hydrolysis).
a. Peptide bond formation
Requires peptidyl fransterase - ribozyme, 38S rRNA —>
©0S subunit. No ATP is required.
3. Translocation of the ribosome on the mRNA (requires
eF-a, QTP hydrolysis).

Terminadion :
* Complexed with RF-3 (releasing factor), &TP 5 peptidy|
transferase.
* Requires RF § TP hydrolysis.

t‘:nergeﬁcs :
4 phosphadtes are required for | peptide bond formation.
* Charging of tRNA —@q@?mwmmgorgamc
phosphates).
* &Fl — binding of RNAa3 to A-site > IGTP.
* gFa — translocation = IGTR.

No ATP is required for actual peptide bond formadion.

[FrREEl
A48 Translatien

Classification of RNA 00:53:48
RNA
Protein codns RNA Non—prokein codins RNA
MRNA i NeRNA

Larse : Small ¢

YRNA —> 485,185 | rRNA = S8S, SS

*  INCRNA. *  tRNA.

®*  CircRNA. *  SNRNA. g
*  miRNA. 2
*  SiRNA §

Circulor RNA (CircRNR) : responsible for the resulafdon of gene
expression.
micro RNA (miRNR) :

Biochemistry * V4.0 - Marrow 6.0 - 2022
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_Leave Feedbs
s a small, non-coding, single-stranded RNA.
Lengih : al to aa nt (nucleotide).
Discovered b5 Craig mellow § Andrew Fire.
it is endogenously generated from pre—miRNA.
Pri-miRNA
|
Pre-miRNA (Contains Cap + Poly A toiD
| DROSHA D&CRS
Trimmed miRNA
| exportin - S
Trimmed mikNA
J TReP dicer nuclease
dsRNA
J Argonaute proteins
Loaded into RISC complex ®RNA induced silencing
corkyieac...
y
MIiRNA
mMeghanismofeetionntnotes
MIRNA is involved in the post-transeriptional regulation of
gene expression. MiRNA binds with the seed sequence
present in the 3’ UTR, on the mRNA.
* B itis a perfect base pairing : mRNA degraded.
* ¥ one or more mismatches are present :
Translation arrest.
This process is called RNA interference/RNAI —>
gene silencing,
MIRNA is involved in the molecular pathogenesis of
neoplasio.

Oncogenic MIRNA : Oncomirs.

SIRNA (silencing RNA / small interfering RNA) :

Ws o small, non—coding, single-stranded RNA.
Length : &l to 4 nt (hucleotide).

mechanism of action : same as MIRNA.

it is exogenous in origin.

Biochemistry - V4.0 - Marrow 6.0 + 2022



Long non-coding RNA (IncRNA :
* s a product of RNAP 1| (RNA polymerase 1.
* Function : Regulation of gene expression.
* Different methods of gene expression of IncRNA :
.. Gene activation : Facilitates TF (ranseription
factor) bindina.
a. Prevents gene transcription : INCRNA + TF inhibits
the binding of TFs 1o the promoter site.
gxample : decoy RNA.
2. Histone and DNA modification : By directing
me’chglases L] acetylases to the histones and DNA.
Thus, helps in epigenetic modification.

@marroweditionénotes
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GENE EXPRESSION

Regulation of gene expression

Factors aftect the expression of the genes :
Genes express in different ways in different situations.
£g. Insulin OLR\’\OUS\'\ present in the liver &»35 express onl5 in
the pancreas.

Levels of expression of gene 00:01:29

DNA (genes)
| Transeription
MRNA
| Translotion
Proteins.

At gene level | At Transcrip’don level At MRNA level

(post-transcription)
Sene @ma”O\ﬂ\‘Sﬂﬂ\i\‘BRQ”OteS RNA editing
amplification repression Alternate RNIA
aene !} processing
rearrangemen’c Operon Concept RNA i
gpigenetic (RNA interference)
modification
Transposons
gene sw'rtching

Fwo tpes oF Genes
[ l

Househeepina/ Constitutive gene Inducible gene

>
g expressed at o constant rate. Not expressed at o
8 A bosal level of expression. constant rate.
88. Hexokinose. E,)(Pressed ofter o
stimulus.

85. glucokinase.

Biochemistry - V4.0 - Marrow 6.0 - 2022
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Expression

Leave ééeqb_a
Operon concept 00:07:13
An array of gernes having a specific purpose.
The concept was put forward by Francois Jacob § Jacques
mMonod.
Lac Operon :
An array of genes for metabolism of lactose in €. coli
bacteria.

OPerod'or site
“Requlatory” /[\ Structural genes

Constitutive gene /\_&‘,,_\

‘ ‘ ,
Lacl’o] Laca | Lacy § LocA
J/ Promoter l \L l
Repressor B - oolactosidase Pemme:;?:l;d;j::
pepressor
e Y a : et
“inducible”

RNA polﬂmerase enzyme binds to the Promoter site.

@marroweditionénotes
Regulatory/ Structural/Inducible gene
Constitutive gene
Lac | : Secrete LaEe Lac Y

Lac A
repressor/ inhibitor ! 1) l

J B -galactosidase Permease Thiogalactoside;
&ind to operator y I\ fransacetylase
Lactose Permit lactose y -
breakdown e“’“ﬂ into the  Function
(Lactase) into  cell. uNKNOWN.
glucose §

Sadac’tose.

R [

site

RNA polymerase cannct move forward it the repressor/
inhibitor (active state) is bound to the operator site.
Cotabolite repression (CR) :
CAP/CRP : Catobolite activator protein/Catabolite
repressor protein.
CAP/CRP con be in on active state (cAMP attached) or
an inactive stote (cAMP not attached).

Active space
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CAP/CRP is o pos'\’('Ne regudodor o} the Loc operon.

|

\$ CAP/CRP is active then the Lac operon is switched on.
Glucose is a better source of energy for e.coli

(preferred fued.
Two conditions :

* Glucose is absent : cAMP levels are high —> cAp/crP

octive.

* &lucose is present : cAMP levels are low —> CAP/CRP

inactive.

In the presence of glucose (catabolite), lac operon is switched

ot (repressior.

Scenario | : glucose +

Scenario a ¢ glucose - §

Scenario 3 : glucose + §

inhibitor protein is
active (in abscence
of lactose ) § is bound
‘o openxkor site > No
expression.

cAMP level low (due to
presence of glucose)
— CAP/CRP inactive

!U

mpl+~]z]~/]n OPe [z v [ "]

e R J , E*j* -

i expressed | SR

erressor Lactose binds to repressor|
A" Tetramer

protein is inactive
(becouse lactose binds
o ) § therefore is not
bound to operater site

- Qe e Vﬂfﬂ TOOWI L —
- cAMP level hiSh (due
to absence of glucose)
-> CAP/CRP active.

% Lactose - Lactose + Lactose +
Loac Operon is Lac Operon is switched | Lac Operon is switched
switched of. on. ot
explained by Lac i § Explained by Lac i § CR | explained by CR
CR i i mechani nlu.
S harrowEHBH B notes Smoy
Repressor/ Repressor/inhibitor cAMP level low (due 4o

presence of glucose) —>
CAP/CRP inactive

\sopropg\ Thiosalac’coside : Lactose anodogue.

Gene amplification

00:24:03

The process by which the number of genes available for
transeription is increased.
€g. Patients on methotrexate for a long time —> increase in
DHF reductase bﬂ bod5 —> develop resistance.

Biochemistry - V4.0 - Marrow 6.0 - 2022
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Gene rearrangement 00:26:31
\Y + D + J
Variable Region of Immunoglobulin
\% O J
1lalal.... n wLaEl.... .l n 1as..... n
< J

VI DA V3 = unigque Variable chain.
@marroweditionénotes
Ditferent gene segments are brought together in difSerent
combinations. Acts at the DNA level.
€q. Immunoglobulin variable chain is produced b&joining 3
gene segments (v, D, and J segments).
V, D, and J have different numbers of segments which in
variable combination produce o different product.

Transposons 00:29:02

mobile DNA sequences that move from one location to another.
Discovered b5 Barbara meClintock.

gnzyme responsible for movement : Transposase.

Two Classes :

e | A

Class 1 (90%) : Retroposons Class a (0% : Transposons
mobile DNA elements mov'\nS ONA segmen’c moves.
with help mMutation : Insertion §

of an expressed RNA product. deletion.

Biochemistry + V4.0 - Marrow 6.0 + 2022
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Epigenetics 00:32:45

Definition : Reversible heritable chemical modification of DA
or chromadtin without a}ker‘mg the nucleotide

sequence.
Two Tﬂpes
& A
ONA modificadion Histone modification

gpigenome : Constellation of covalent modification of DNA §
histone —> Qegwa’dng gene expression.

DNA methylation 00:36:00

Tokes place ot cg’cos‘me residue wherever Cp& islands
present (seen in promoter regior.
enzyme : DNA methyltransferase (ONMT).
me’dng\ donor : SAM.
- ORPIF4eRBRRES F Hracgtidings notes
S A2a a’—deox5¢5ﬁdine.
Decitabine.

me’chgla’don ot cg’cos'me residues results in the \nhibition of
gene expression —> Fovor heterochromadtin formaodion.

Histone modification 00:40:05

Histone acetylotion 5 deace’t\jlo&ion.

Post—ranslational modification.

Histone acetylation : Positively charged histone is added with
negatively charged acetyl group (CH3CO0?

|
§ Decreases the positive charge
8 y
? DNA becomes less condensed
y

euchromadin/Permissive chromadin.
Increased expression of gene.

Biochemistry « V4.0 - Marrow 6.0 - 2022



nzyme : Histone Acetylase (HAT).

Histone deace’rg\o&don ! Increase in the posi’dx/e charge b5
remov’mg the negcxh\/e charges.

!

Increased condensation of the DNA.
!
Hetero chromadin.
Decreased expression.
gnzyme : Histone Deacetylase (HDAC).
Drugs inh'\bi’dng HOAC :
* Vorinostat .
* Volproic acid.

Functional consequences of histone modification :

. Histone acetylation = Activation of gene expression.

a. Histone deace’cglaﬁon —> Decrease gene expression.

3. Histone phosphorylakomarankivatist@denitese gene
@mEPEREftionenotes

4. H phosphorglo&ion —> Chromadtin condensadtion.

S. Histone methylation —> Increase/decrease gene

expression.

b. RDP Qibo%lahon —> DNA repair.

7. monoubiquitylation = Increase/decrease gene
expression

8. Sumoylotion (SUMO : Small ubiquitin-related modifier)

> Chromadtin condensadion.

Physiological & pathological role of
epigenetic modification 00:48:10

Phgs'nological :
* Regulation of gene expression
* Genomic imprinting : Slight ditterences in identical
alleles on patermal § modernal chromosomes.
» nsing.

° Embrgogenesis.

Biochemistry - V4.0 - Marrow 6.0 - 2022
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Podholos'\cal :
* Fragie X sﬂndrome : FMR ~1 gene is hgperme’chﬂla’red.
* Cancer: ¢ oncogene is methylated = prevents cancer.
I¥ the tumor suppressor gene is methylated =
couses cancer.
* Prader Willi SBndrome g Angelman andronwe.

Molecular methods to detect epigenetic
modification 00:55:21

l. me’chgla’don sPeciS-‘\c PCR
3. DNA Chromatin Immunoprecipitation (ChIP).

b
7

Yy : h@@eé&?&eﬁed to the chromadtin with
Y epigenetic modificotion.
The an‘cigen-anﬁbodij reaction takes place.

DNase added,

It ‘@f’rﬁ‘i‘f?@%‘é‘d Ftﬁ’ﬁﬁ‘BfB]m% §hroma’c'\n attached to
the anﬁbod5—an’dgen complex.

% DNA sequence taken out

Sanger’s sequencing microarray technique
ChiP Seq, (Chip technique)
ChiP chip.

3. pisulfite sequencing :

wv*nethala’ted ca’tosine

S S
gt cu

eoeds eAloy

Deamination b5 Sodium Bisulfite.

05& uracil
y

Sequencing.
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HYBRIDIZATION TECHNIQUES

Hybridization techniques
D 8lot techniques.
) microarray technique.
3) Fluorescent in situ hybridization.

Blot techniques :
* Southem glot.
* Northem glot.
* Wwestern dlot.

Southern Blot 00:01:49

* " blot technique invented.

*  Named after emSouthem (invented in 1975).

*  Detects DNA.

* Basic principle : DNA - DNA hgbridiza’cion.
@marroweditionénotes

NN OUNONE 2N
l Restriction endonuclease

M 790K MORX

arose gel electrophoresis
b op

I

| Naon

:Dj;lron membrane /
ocellulose membrane

l - Labelled ONA probe
(Rodicactive / Sluorescent labelled)

IS

l Detect radioactivity (bﬁ Au{'oradiographﬂ) 4

Detect Sluorescence

Active space

I the membrane has fluorescence ot a particular locodion,
then the sample is positive for particular bacteria.
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Probe : A single stranded Knouwn oligonucleotide.
Labelled (radicactive/Fleuoroscent).
uses :
D Microbiology (viral/bacteriol pathogens).
) Sereen inbom errors.
2) DNA mutation studies.
* Large gene mutation.
. Single gene mutation.
* Point mutation.
4) Forensic medicine.

Northern blot 00:09:57

Detects RNA.
Principle : RNA- DNA (cONP hgbrtdizo&ion.

Sepou'o&e RNA

|
@marroYv%i({@@6notes

l TcDMn probe

]

1# it detects Sluorescence / radioactivity ,then it is
positive for viral RNA.

CDNA probe is used

tis cowp\emn’carﬂ to viral RNA.

The viral RNA is converted 1o DNA using reverse transeriptase
ond CONA probe.

uses * ,
D To detect RNA.
a) To detect gene expression.

eoeds aAlOY
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sation 01

Western blot 00:14:12

0/w/a. imenunohlok
Detects pro’ce'm.

LT[ [ ] |entigens are isolated % separated

| eiox
AN

l T nnhbod5

1§ any fuorescence is detected, the
sample is positive for the antigen

Principle : Ag-Ab interaction (immune reactior.
Laobeled an’dbodg iS “Sed@‘?ﬁar‘ﬁo‘w%ﬁm%ﬂﬂi éfg an’dsen.

Other blot techniques 00:17:16

* Southwestem blot :
rnown os O\/erlafj blot.
Detecting ONA protein interaction.
* Dot blot/Slot blot :
Blotting with nitrocellulose membrane is not done.
It is blotted to several slots.
®* 200 blot :
used to s’cuda evolution.

Microarray technique 00:19:48

Thousands of Known oligonucleotides is impregnated on a
slide.
uses :

= G\eno’tgping.

*  &ene sequencing

Active space
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* gene expressior\.
*  Proteomics.

Clossification :
D DNA microarroy,
3) cONA microarray.
3) Protein microarroy,
4) Array Comparative enomic Hﬁbridisa‘don (caw.

DNA microarray 00:22:34

d‘) @ b é rnown oligonucleohde

unknown oligonucieotide (lobelled)

f

5688
@ resmplier dlgerthm decode

In DNA microarray there are several slides with different
wells.
gach of these wells contain o known oligonuciotide.
In the next step, an unknown oli<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>