BIOCHEMISTRY,

UNIT 3 NOTES

¢ LIPID METABOLISM
® AMINO ACID METABOLISM
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Lirio METABOLISM

® Lipids are generally the estera of Falty Acids € Alwholz,

® Lipids (constitutes about 1S-907 of total body weight in humans

o They are present in our body jn different forms ke Triglycericles,
Phosphalipide |, -FaHy acids, ek .

® Abovt € -307. part of lipide in our body Is Tn'ﬂlqcem'dess
which s stored n the Adipose Tissve

e The synthesis and breakdown of Lipid fs  known a3 Lipid
Metabolism that Tnvolves Lipogenesis € Oxidakion of folty acds.

IB'OXIQA_ATION OF Farry Acms|

® Falty Acids are obtained from breakdown of Lipide ( Mainly
Triglycenides ) .

o Oxdakon of Folty acd 2 the process that bedy uses to
breskdown and use falty acd os energy .

o The FuHY aads In the -bndt, are  Mostly  oxidized blf B - Oxidakon |

® B Oxidaon Moy be defined Q& oxidakion of fotty acds on
- Qubon Atom .

S1ages OF B- OxipATION

B Oxdation of folty acids occurs in theee stages -
e Adivation of Folty Acide In cytosol
® Trangpott of Folty Add In Mitochondny .
® Proper PB- Oxdation in Mrtochondmal Main |
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@ [ Actwamion OF FATry Acos

® falty aad ackvated into Aeetyt Acyl CoA by Thickinase .

® Readion ocarg in two steps € requies ATP, Mg € (A

® In fist skp Fatty acidk feads with ATP € form Acyladenylate.

® In sewnd step Aqjladenyiate (ombines with (cenzyme A 2 form
Ayl Go A

® In aclivation 2 high energy phosphate ulilized |

R FATTY AciD
|

ACYLADENYLATE

‘
(AMP) lACEL CoA

TRANSPORT OF ACTWVATED FATy Aco Tn MiTocHoNDRIA

® Ayl qroup of Acyl @A fransferred to camitine and Jhe
reaction Is  (Wolysed by  (amitine Acyl Tronsferase - I

® Acyl- (ovnitine Is tronsported across fhe  membyane fo the
Miochondrial malnx by Apecific ~ carnes profein .

¢ Ayl camitine Oqain  onverted into Ayl Co-A inside the
Mitochondnal  motnx by  Comitine Ayl Tronsferase - IT
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AcuL- (0A| + |CARNITINE [«

=

AcyL- (oA CARNITINE

L@

" AcyL- CARNITINE |

AcyL - CARNITINE

¥
(Tover Membrar)

L]

ProPER B- OxipAToN OF FATry Acios

Tt oavr fn following 4 steps

Oxidakion - Ayl QA undergoes Detydrogenation by a flascenzyme

Ayl A Dehydrogenage

Hydralion © Enoyl A couse the hydration of dovble bond to

form B - hydroxyayl G-A

Oxidaion : In +the Second oxidahon B- hydoxyayl (-A Converted

Info B- ketoayl (o-A € Teaction 2 Cutalysed by
B- hydroxyagyl @A  dehydrogenage .

Cleuuaﬂe Tt is the Hinal S\‘EP of B -oxodahon n which
B- letoayl (A cleaved into Ayl @-A 2 Acly
(o-A In the precence of thiclase emyme .
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OXIDATION HyDrATION

CLEAVAGE

OX\DATION

AcyL (oA

& | @
(FAv3

A? Tras-EnoyL (o-A

Enoyl (0-A Hydrotase

B- HuproxyAcuL (o-A

E 1 B-Hydroxyay| @A Dehydrogenise

(Naot)

B- KEwAL (b-A

@
: }

l Acur Co-A I Acervyr (0-A
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ENERGETICS OF B- QxIDATION

® Geenerally Palmitic acid 1s used for the process of B-
oxidahon of fatty aad

® Mow Falmiic add fs o 1€ catbon Compound fhof underqoes
1 qude of B oxidalion € form 8 Aelyl (o-A

Palmitoyl Co A

T
| @

€ Aty A
®|1 Acetyl @A = [0 ATP
¢4 NADH = 2.8 ATP
® (1 FADH. = 15 ATP

® Now in B- Oxidakion of Polmitic acid , we have

®|% Actyl A = (0X8 -+ 80 At
® |3 NADH 28 XF 43S ArP
® |7 FADHa 1SX3 = 10-S AP

1

e Now Total ATP = 80t Itst 10-S — 108 ATP
® But since 2 ATP s Ulilzed In the qchivalion , hence net ATP
Wil be 108- 92 = 406

Ner At — 106
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LDE Novo SYNTHESIS OF Fatty Acos |

e De novo gynthesis s olso known a& Biosynthesis OF Folty Acids.

ot oavrg In the qylosol Of Liver, kidney £ Adipose Tissve .

e The enzymes fequited for de novo gynthesis present in the
(ytosol  C Cyloplasm)

® Now, Generally most of the times , the Folty Acid that is
gynthesized during  De Novo gynthesis IS Palmitic Acid .

REGQUIRMENTS
e Actyl (o-A ( C-atom source)
o naDPH (As feducing equivalent )
® ATP ( For Enmergy Aupply )

STAGES OF DeE- Novo SynNTHESIS

The de- novo gynthesis OF Falty Acids oOccorg In 3 stages -
o Producion Of Acetyl @A € NADPH
o (onversion Of Acetyl @A to Malonyl (o A
® Reacons of Fatty Acd Synthage Complex

Rx Pharma Education


Admin
Rectangle


Proovcnon OF Acetyr (oA € NADPH

® Aceyl (oA Is Pmdured in the mitochondma from Pyruvate .
® Artyl (oA olone connot cross the mitochondrial  membrone ,

hence

it condenses with Oxaloacetate to form Ghele .

o Citmte is freely fransported fo qytosol where it reledses he
aetyl (o A while Oxoloacetate — Molate = Fyruvate £
gmerafes NADPH .

PyruvAaTE

T

MALATE

P G

OXALOACETATE

CITRATE

l @
<

(MitocsonoriA)

PyruvATE

AcetyL (oA|4 | OxALoACET:

l

C1TRATE

Conversion OF Acery (o-A To Mawnyr QA

® Aclyl (o A Carboxyloge

to Malonyl (©-A by

acetyl (oA (orbonylose
® Proress reguires AP,

€ biotn for @2 fixation

Acetyr (o A

Carboxuylase

| MAwonyL Co-A
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Reacnons OF FATry Acio SyNTHAsE (OMpLEX

e The reachons OF fotty acid  aynthesis IS Perfomed by a
Multifonctional  Enzyme  called  “ Folty Acid Synthase (omplex’

® Tt isa Muli enzyme Complex thot Perﬁlrm»% f’ol!owina reachons *

| Aceryl (oA + EnzyMe (ys-SH MawoNyL OA + ACP-SH |
o Tonsoogaze> §~ ] ot Tom>
MALONYL ACP

ACETUL- ENZUME
:

B- KETOAcyL ACP

l, (ketoacy! Reductase)

E B - HypRoxyACYL ACP
@
ENOyL AcP
I 1 (Froyl Reductasd)
BuTyRyL ACP
1 Repitiion of
& b (ycles
&
PALMITATE
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kKetone BoDies

e Ketone bodies are metabolic produds that  produce energy dU"'”g
metabolism .

* They are produced by lives. |

o ketone bodies are water soluble and energy yerlding mpounds
that moinly produe enerqy duning Metabeti  starvation andl
diobetes mellitus .

o There are moinly 3 fypes of ketone bodlies
@ Acetone

@ Aceto- acetate
® B- Hydroxybutyroke

® Now in the obove 3 only first fwo are tre ketone because
B- Hydroxybutyrmte doesn't posses a kelo group.

FormaTion OF ketone Bopies / KETGGENESIS
The formation Of ketone bodiea also known a3 ketogenesis
vz fn the mitochondriod malnk OF Livey. ketogenesis involved
the following reactions
* Actoaetyl @A fomed by @ndensation of two moles of Acetyl (oA.
o Acctoaelyl (oA combines with 1 more molecle Of Acelyl (oA
€ (onveted into HM& (A (olso known o B- Hydroxy -B -
methy| giu’fu:q! (oA) In the presence of HMG (0A synthage
® HMG A deawes into Aecto - aetote € Acelyl (0A .
e Now A@oaetone can Undeqo Spontuneovs  decarboxylalion o form
Actone € It @n be redued to fom B- hqdmxybuwmfm
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| Acewr (oA AcetyL (oA

@ @

 [Acero Acev (oA |

CoAsH

HMG (0A- |

ety OF .{

ACETo ACETATE
Do,
‘ Dehqdrogem&&
(uAH)
ACETONE (WD) B Hyproxy BuTyRATE

Uriuization OF KEToNE BODIES

o The uhlizahon OF kelone bodies Ocurs fhrough the puocess
of ketolysis .

e lelolysis s the puocess Of (onvesting ketone bodies Info
Actyl (0A o Qenerate energy .

® kelone bodies are important soure (f erergy for Skeletal
muscles |, (ardioc muscles, fenal cortex efc.

® It (s ulized during starvation & Drobetes Mellitus .

e kelolysis s |ust opposite fo ketogenesis
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STers OF KETOWSIS
® B- Hydroxybulyrale 1s first  converted

to  Acetoacetade .

o Acetoacetote s achvated fo Acetoacetyl WA by the thiophoroge

enzyme  present In - mitochondlna .
® The (oA {s denoted by Succinyl

(oA

@ Thiophorusc (s absent in liver , hence 'H‘!E'L’f are not uhlized

oy lives cells.

® Ayl ©A deaves Into two enzyme of moles of Acetyl ©A

bl, Thiolase emzyme .

B-Hyproxy BUTYRATE

1.

B - Hydroxybutyrate
Dehqdmgm&e

ACETOACETATE
(Succinate) |
ACETOACETUL
Acetuy - CoA AceElyL @A
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| K ETOACIDOSIS

o Both Aceloaelate € P - Hydroxybulyrate are stonq acidg

e Now Increase in theiw coneentrabion in blood can cowse
ketoacidosis .

® keloaadosis can be further divided into two types

@D Alonolic ketoacidosis

@ Diabetic ketoacidosis

Aronouc KEToACIDoSIS
o Tt oars due fo Intake of alwhol for prolonged time .

® Excessive lohol (Unsumph'an {an ‘wse Malnourishment .
® Malnounshed Alcoholic  person has Qreotre chances of dmelopl'rlq

Alconolic  ketoacidosis

DiABETIC  KETOACIDOSIS

e Diabetic ketoacidosts owurg duve to decreage n Insulin  level
of body

e Diabetic ketoaddosis s a dangerous condition that may result
n coma £ even death , i not Areated,

e Diabetic ketoacdosis fequired a fopid recdment .

o Tnsulin Therapy is the most useful treatment for diobetic
ketoacidosis |
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CHOLESTROL

® (holestrol pmimarily belongs o a qroup of compoundd known
0s stefols. |

e Tt is the mc}ior component of cell membyone in humon body.

e Tt is a type of lipid present in our body.

e Tr is nalurally synthesized In our body in Liver oand (an also
be obtoined fom extemal Sources .

e Tt is pesent in the foods of animol angin and absent In
the food of plant origin.

BloLoGitcAL SiaNtFICANCE OF  CHOLESTROL

e Tt is the mojor strudvral omponent of cell membrane .

e Tt is the most essentiol ingredient In the Strucure of Lipoproteins

o Tt is the precursor of bile acid.

® Tt Is the precursor of witamin D.

® Tt is also the precursos of vanmous steroidal harmones ke
progesteron androgens , rticosteroids,  efc

o folty acids are tonsported 1o liver a3 cholestrol esters, .

e Tt insulotes nesve fibres .

® Although cholestrol o vamous  biolagical ~ significonce  but ifs
high ‘Concentrolion Can leads fo  Atherosclerosis .
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ConversioN OfF (Horestror INTo BiLe Acio

® The synthesis of bile acid Cbile juice) tokes plae in liver

® bile acids promotes absorbtion of lipids € fat <oluble vitoming, .

® (holestrol first converted Into 3- Hydronycholestrol 1n the
presence OF T o Hycroxylase .

® - Hydrmxycholestiol breaks fnto cholic aad € chenodeoxycholic
add € these are the puimary bile acids .

® On conjugation with glycine ov tavsine ,Conjugated bile acids
( Glycocholic ond Tawrocholic acid) are formed .

® Finally in the presence of bacterial enzymes , secondary bile acid s,

CHOLESTROL

Cinopt)

+ - HYDROXY CHOLESTROL

AN\

CHoLic  AciD CHENODEOXYCHOLIC  AcCID
Gyociouc Acip TAUROCHOLIC ACID TAuRo- OR
(G1LYCOCH ENODEOXYCHOLIC
l Tntestinal Badena AQD
DEeoxycioLic  AciD J’

Limwocoue  AiseeecT
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o Urea cycle Is defined as the cydic process In which Ammonia
Is converted into Ura .

® Urea Cyde is also defined az the Hirst yclic process or firat
metabolism Palhwoq discovered by Hans krebs and  kurt
Henseleit , hence also known a8  “kmbs Henseleit Cyde’,
It 1s also colled  Omithine  Cycle.

o Urea synthesis occurd only in  Liver and offer that it s
further htmspor%ed to lq'dnelf ’rhrouHh blood € excreted Out
from body .

Enzgmes Involved In Urea Cycle

Urea cycle Involues Fve emymes 02 follows,
@ Carbamoyl Phosphate Synthase T
@ Omithine  Transcarbamoylase
€) ﬂrgl'nosucdnafe. Synthase
© Arginosuccinase
® Arginase

e Now in the above five enzymes , First 2 are found 1n
mitochondria  while rest 3 are found i cytosol of liver.

o Arginase s the enzyme only found (n Lives , hence
Urea synthests or Ura C(yde ocurs only I [iver.

Rx Pharma Education


Admin
Rectangle


@ + @

+
@ Carbamoyl Phosphate
@ 5l,|ﬁ’[‘h{]§£. -1

(CaRanMUuL - PHOSPHATE J

Omithine Transcarbamoylase

ORNITHINE CITRULLINE

. ﬁrﬂinosucinutc
Synthase

ARGININE

ASPARTATE

I

ARGINOSUCCINATE

OXALOACETATE

Arginusuctmuse

FUMARATE —-I MALATE

Rx Pharma Education


Admin
Rectangle


Sters OfF URea (yeie

© Sqnmesis 0f Cmbamm_;l thpha}e

e NHs (ondensed with (0 and achivoled 1n the presence Of
Catbamoyl  Phosphate Synthase - I to form  Carbamoyl Phosphote
® This step (onsumes 2 ATP and fis rseversible.

@_formation  Of Citrulline

® Citrvline is synthesized from Carbamoyl Phosphate and Omithine
by Omithine Transcarbamoylase

e Ornithine s Qagain regeneroted € Urea Cycle conkinues .

©) Sl:mihest's of Hrginosx:cino}c

o (itlline condenses With Aspartate to produce Arginosuccinate
in the presene of Arginosuccinate Synthase .

o ATP Is (onveited fnto AMP € Fyrophosphote CPPi) .

@ _Formalion Of Arginine
e Arginosuccinote  Cleavet 10 produce Arginine € Fumarate in

the presence of Aminosuccinase .
® Arginine s Used 02 Immediate precursor of Utea.

® Formohon OF Urea
e Arginine finally n the presence of  Arginose (onverted [nfo
Orea and omithine .

e Omithine again used in Urea C(yde while Urea Is excrefeg uﬁfﬂ
from Yody through kidney . e
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EnerGETICS OF UReAa (yCLE

e In Urea (yde 4 ATP molecvles are Consumec € 1t Is [rrevesible.
process .

e Two ATP gre utilized for Synthesis of (arbamoyl Phosphate .

® One ATP is (onverted to AMP to produce Arginosuccinate which
Is equal to 2 ATP.

MeTtABoLIc DisoroErs OF Urea (uae

e Tn healthy people , the normal blood Urea concentration s
10-40 mq/dl , now increase In blood -Urea level can leads
to varioue metabollic  disbalances [n our body .

o Uren cycle disorders are varous genetic disorders, Ocurs due
ho deﬁdena{ In enzymes [nvolved In Urea  Gycle .

e The Five most common disorders ar a2 follows

@ Hyper Ammonemia Type I =  (arbamoyl Phosphate Synthase I
@ Hyper Ammonemia Type I  *  Omithine Transcarbamoylase

@ (itrullinemia : Aminosuccinate  Synthase
© Arginosucdinic Acidirea : Arqinosuccinase
® Htfpermgrnfneml'a Amjinase
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