BIOCHEMISTRY

UNIT 3 NOTES

LIPID METABOLISM

e BETA OXIDATION

¢ KETONE BODIES

e CHOLESTEROL

e DISORDERS OF LIPID METABOLISM

AMINO ACID METABOLISM

e TRANSAMINATION, DEAMINATION
e UREA CYCLE

CONNECTWITHUSON: l

})0 IMPERFECT PHARMACY APP

@IMPERFECTPHARMACY



|L|mo METABOLISM l

® Lipids are generally the estera of Faty Acids € Alcholz.

® Lipds constitutes about 15-907 of fotal body weight in humans,

® They are present in our body in different forms ke Triglycerides,
Phosphalipide , -fotly acids, ete.

® About € -907. part of lipide in ovr body IS Tnﬁlqceufdf.’&
which s Stored in the Adipose Tissve .

® The synthesis and breokdown of Lipid iz Known as Lipid
Metabolism that involves Lipogenesis € Oxidalion of folty acds.

I_B-OxIDA'rloN OF Farty Acmsl

® Folty Acids are 0btained from breakdown of Lipide, CMm‘n(zf
Triglycendes )
¢ Oxidaion of Folty ocid 12 the process that body uses tfo

breckdown and use falty acd os energy .
e The Fa}hf acdg in -the ~b0d|f are  Mostly  oxidlized bl{ B - Oxidakion .

® B Oxidotion may be defined 0& oOxidahon of fatty acids on
- (arbon Atom.

STAGEs (OF B- OxipATION
B Oxdation of folty acids ocrs in theee sfages :
o Adivahon of Folty Acidz In cytosol

e Trangpot of Folty Acad In Mitochondny .
o Pmper B- Oxidokon in Mtochendnal Malni .
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@ [ Actvamion OF FATry Ados

® Falty aad achivated into Acetyt Acyl (oA by Thiokinase.,

® Readion ocwrs in fwo steps € fequires,  ATP , Mg2t € A .

® In first stp Falty acds reads with ATP € form Acyladenylate |

® In sewond step Aqladenylate (ombines with (cenzyme A € form
Ayl (oA

® In achvation 2 high energy  phosphate  uhilized |

FATTY " Aci0

[ G

ACYLADENYLATE

1
(AMP) AcgL CoA

TRANSPORT OF AcCTVATED FATIY Aao I MiTocHoNDRIA

® Acyl grovp of Acyl @A transferred to cownitine and  fhe
reaction Is  (Wholysed by (omitine Ayl Tronsferase - I

® Acyl- (ovnitine is fronsported  across  the  membuane fo the
mitochondrial malnk by gpecific carnies paotein

® Aqyl camitine Oquin  onverted into Ayl Co-A inside the
mitochendn'al  maknx by Cawnftine Ayl Transferase - I
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AcuL - (oA CARNITINE [e Acu- A | | Carmirne

= =

AcyL - CARNITINE " AciL- CARNITINE

Thner Membrong)

b

PrRoPER B- OxpAToN OF FATry Acios
Tt ocum in following 4 steps

o Oridalion i Acyl @A undergoes Dehydrogenakion by a flascerzyme
Ayl (oA Dehydrogenage .

o Hydraion . Enoyl WA casse fhe hydration of double bond to
form B - hydroxyaeyl -A

® Oxidohon : In the Seond oxidahon B- hydwoxyacyl (0-A Converfed
info B- ketoaeyl (o-A € Teackon [s Cotalysed by
B- hyaroxyaqyl @A dehq&oaenase.

o Clewage : Tt is the $inal Step of B -Onidation 1n  which

B- ketoagyl (@A cleaved mto Agl @-A % Aectyd
(o-A in the precence of thiclase emyme .
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OxiDATION

Ox1DATION HyorATion

CLEAVAGE

AcyL CoA

l (Acyl Go-A Dehydrogenose)

A? Tras-EnoyL (o-A

.—‘l @ql (o-A qu@

B- HuproxyAacuL Co-A

l (B- Hydroryagyl @A Dehqdrcr.%m)
(ao

B- kemoAyL (0-A

J |

Acur Co-A AcemyL (0-A
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ENERGETICS OF B- OxiDATION

® Generally Palmitic acd 1s used for the process of B -
Oxidahon of fatty acid

¢ Now Palmitic acd s a 1€ corbon Compound et underqoes
T qule of B oxidaion & form 8 Aetyl (o-A

Palmitoyl (o A

8 Aely ©A
®11 Acetyl A = [0 ATP
® (1 NADH = 2.8 ATP
® (1 FADH. = 15 ATP

& Now in B- Oxidation of Palmikic acid , we howe

®(8 Aetyl @A = (0X8 -+ 80 AP
|3 NADH = 28X = 1%8 AP
® % FADH. = 1SX3¥ — 1{0-s AtP

e Now Total ATP = 80t s+ 105 — 108 ATP
® But sine 2 ATP |s Ulilized in the aqchivadion , hence net ATP
will be 10g8-92 = {0¢

Ner At — 106
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Ketone BobDies

® Ketone bodies are metabolic products that  produe enerqy dunhg
metabolism .

e 'Theq are produced by liver .

® ketone bodies are walter Roluble and energy yerlding compounds
that  mainly produce eneigy duning Metebeti _storvation and
digbetes mellitus .

® There are mainly 3 types of ketone  bodies -
@® Acetone

@ Aceho- acelote
® B- Hydroxybutyrate

® Now in the above 3 only first two are true ketone because
B- Hydroxybutymte doesn't posses 0 kelo qroup.

FormATION OF keEtone Bopies / KETOGENESIS

The formotton Of ketone bodies olso known a3 ketogenesis
ocuz [n the mitochondnod malnk of Liver. kefogenesig involvel
the following feactions -

® Atoaetyl ®A fomed by @ndensation of two moles of Acetyl (oA

® Acetoacelyl (oA combines with 1 more molecwle of Acetyl (oA
€ onveted Into HMG A (olso known 0% B- qumjxy-ﬁ -
methyl glotaryl @A) in the presene of HMG (A synthase.

® HMG @A deaves Into Aeto - aetote €  Acelyl (0A .

® Now Aeloaetone (@n underqo spontaneovs  decarboxylation to fom
Actone € it @n be redued to fom B- hydroxybutyrote
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AcewL CoA AcetyL (oA

'>\r/

Aceto Acetyr (oA

A
(HMG (0 A Synthoge)
Gorsdy——

HMG. (oA-

Acetyl (oA .—-[ HM& oA Lyose

ACETo ACGETATE
B- Hydroxy butyrate
' Dehqdrogenm
a
ACETONE G B Hvproxy BuTyrATE

UrinizamioN OF KETONE Bopieg

® The uhhzahon Of kelone bodies Gcurs fhrough the  process
oF ketolysis .

¢ letolysis s the puodess Of (onvesting kelone bodie into
Aetyl (oA fo Qenerate energy .

® ketone Dbodies are important source of energy for Skeletal
muscles |, Cardiac Muscles, fenal cortex efe,

o Tt (s ulilized during starvation € Diobetes Mellitus .

® kelolysis s |ust opposite fo kefagenes{s,
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STePs OfF Ketowsis

® B- Hydroxybutyrate s first converted to  Acetoacetote
® Acetoacetote Is ocivaled fo Acetoacetyl @A by the Hhiophoruse

enzyme present in mitochondrnia .

® The (oA is denoted by Succinyl (@A
® Thiophorase (s absent in liver , hence they are not utilied

by lives cells.

® Aetyl ©A deaves Info two enzyme of moles of Aetyl @A

bl{ Thiolase emzyme .

B-Hyproxy BUTYRATE

l

B - Hydroxybutyrate
Denudmsm

ACETOACETATE

Succingl Yo

Sucanate

ACETOACETYL

(oA

@A

AcetyL - (oA

AceryL A
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| KeToACIDOSIS

® Both Acdloacelate € B - Hydroxybulyrate are strong acid

® Now Increase in theiw concentration fn blood can cowse
ketoacidosis .

® keloaadosis can be further divided into two types :

@ Alwnolic ketoacidosis

@ Diabetic  ketoacidosis

Avrconouic  kEToACIDOSIS

e Tt ocawvrs duve fo Intake  of aloho! for prolonged time .

® Excessive alohol consumphion tan -cowse  Molnourishment

e Malnounshed - Alcoholic person  has Qreofre chances of dmelopfgg
Alcoholic - ketoaaidosis

DiABETIC  KETOACIDOSIS

® Diabelic ketoacidosis oaurg due to decreage in Insulin level
of body

® Diabetic ketoacidosis Is a dangerous ‘ndition that may result
in (oma € even death , i not rected.

® Diabetic ketoacidosis fequired a fapid Hrectment .

® Insulin Therapy Is the most usefyl frectment for diobetrc
ketoacidosis .
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CHOLESTROL

® (holestrol pmimarily belongps to a qroup of compounds known

0s Stefols.
o Tt is he mq{or component Of cell memboune in human bcdlf.

® It is a type of lipid present in our body .

® It is natvrally synthesized fn our body in Liver ond can also
be obtained from extemal Sources .

® It i1s present in the foods of amimal Ongin and absent in

the food of plant ~ origin .

BloLoGicAL SiaNIFICANCE OF  CHOLESTROL

o I} is the major  strucural component of cell membrane .

® Tt s the most essential ingredient 1n the Structure of Lipoproteins

o Tt 1s e precrsor of bile acid.

®* Tt 1s the precursor of vitamin 0.

e Tt s dso the precursos  of vanoug Steroidal  harmones, ke
progesteron androgens , - (arlicosteroids, et

e folty aads are tonsported fo liver a8 cholestrol esters .

® Tt Insulates nesve fibps

® Although cholestrol has, vamous bmmgltcd siqniticance  but ifs
nigh Concentralion  @an  [ead® to  Atherosclerosis |
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Conversion OfF CHoestroL INTo BiLe AciD

® The synthesis of bile acid Cbile juice) fakes place in liver

® bile aads promotes  absorbtion of lipids € fot oluble vitaming .

® (holestrol fitst converted into 3- Hydrorycholesirol in the
presence OF T o Hydroxylase.

® - Hydroxycholestiol  breaks nto cholic acid € chenodeoxycholic
add € fthese are the puimary bile acids .

® On conjugation with glycine 0¥ tavsine ,Conjugated bile acids
C Glyacholic and Tavrocholic acid) are formed .

® Finally in the presence of badteriol enzymes ; secondary bile acid forrs.

CHOLESTROL

j
QAopH)

=+ - HYDROXY CHOLESTROL

AN\

CHoLic . Acip (HENODEOXYCHOLIC  ACID
GiwycocHouc Acip TAvROCHOLIC AQID TAvro- OR

G1LYCOCHENODEOXYCHOLIC
l (Tntestinal Bactena ) Acp
|

Litwocwouc Acp

Deoxyconic Acip
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e Amino Acide are building blocks of Foteing .

® Aming Acd Meloboism @ ako be Sludied 03 Protein Metabokim
® There generally two types of Aming Acidx .

@ FEscenhl Amino  Acida -

@ Non - Esentod Amino Adds .

Gieneral Reactions of Amino Acds

Amino  Acids Maihly  undergoes Fbllmn‘nﬂ 3 fypes of Senemj readions, :
® Transamination
@ Deaminetion
® Deawboxyldlion

@ TrRANSAMINATION

The Amnsfer of an amino group fom an amino add 4o @
keto ood s known (s T?ﬂnsaminah‘on.

This  process: involues — interconvession of  pai of amino acd
to o pair of kete qads .

It is whlysed by group of enzymes clled Trangaminases

Ry— H — @0~ R1—=C—@o-
I l
Trongominoges
Ra - C — Co0- R:.-([.L coo-
I
0
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(haradenstics OF Trangamination

® Al renzominases fequires o Comenzyme fpridoral Phogphak (PLP)
0 (enzyme, denved foom Vitamin Be.

® Spenfe tangaminases exst for euch poir of amino € kelo qcidy

® There s no free NHs liberated , only trongfer of amino
gﬂoup ouursy, .

® Tranzominahon Is Reversite .

® The mojor fissues (nvolves in frangamhation are  Liver , Hd-l‘u_,
Hearl € Braun .

Mechanism Of Trang&aminahon
It ocurg In two stages .

e Trangfer of Amino Giroup to Pym‘doml Phasphak  to fonm .
?mblommfne Phosphate .

® Aming- qroup fsom Rpidoxamine Phoghate fransfared| o
keto Add fo Prdue New amino -aad
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@ Deamination

® The removal of Amino Grroup from amino Qoids 0% NHg
18 known 0% deiminaion .

o Deaminahon resulis In the liberahon of Ammonia  for Ureq
Synthesis .

o s of two tfypess.

(1) Oxidative  Deamination

@) Non - Oxidative Deaminalion .

@ Oxidolive Deaminafion
® Oxidative Deaminclion (s Iberahion Of free ammonia  fom

amino group of amino ocids - Coupled with oxidahon .
o T} fokes plate mosty In Lives and h‘dnega.

2\ gl o
(l‘,Hg_ NUﬂU‘H /NLHS FHQ
CHa - ’ CHa
HoN = (%H Attt Do, :
@o- o=

(b)_Non- Ondahve Deaminahion

Some omino aads, @n be deaminaled fo libemle NH3  ithoul
Uﬂdﬁ{jmnr,i ordohon

- Dehydratase
Senne. Threpnine j
" e \ Respective kefoauids, |

NH3
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® DecarsorvLATON

® Demrboxylalion Is the reachion bH which @a & wemoved from
(OH group of an amino acid ond 08 o raut an aming
oad is  fosmed

® Readion is @talyzed by enzyme decorbomylase. thot  requures
P'jb'idt}ml P OR @Bnzyme.,

R — cH — oo 2D R CHa- NHa

I Derrboxylose
NHa,
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I_gREA C‘ICIE

 Urea qycle Is defined ag the cydic process in which Ammonia
Is converted Iinto Urea .

® Urea cyde is also defined a8 the first cydic process or Airgh
Metobalism  pothway - discovered by Hans krebs and  kurt
Henseleit , hence olso known a8  “kmbs Henseleit Cycle'.
It is olso colled  Omithine  Gycle .

e Urea synthesis occ only in  Liver and affer that it s
further transported  to h‘dne? through bload € excreted out
from body .

Enzqmes Tnvolved In Ureq G,!cle,
Urea cycle lnvoluez Five enzymes G2 follows,
@ Carbamoyl Phosphate Synthase I
@ Omithine  Transcarbamoylase
@ Arginosuccinoke  Synthase
@ Arginosuccinase
® Argfnase

e Now in the above five enzymes , First 2 ar found in
mitochondna  while rest 3 are {found Cytosol of liver,

e Arginase (s the enzyme only found (n Liver , hence
Urea synthests or Urea C(ycde ocurs only n liver.
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[ ORMITHINE )

UREA

ARGININE

Ar inosucinate
A‘SPHRTHTE,

+ ()
@ Carbamoy! Phosphate
@ Synihase -1

(( CarsamouL - PhospraTE )

@H‘hinc Transma@

( Crrruune )

ARarmusumt«lATE )

OXALOACETATE

FUMARATE | MALATE

VIDEOS : IMPERFECT PHARMACY



STers Of URea Cyaie

© Synthesis Of Carbamoyl Phosphate

® NHs (ondensed with (0. and ackivated 1n the presence of
Carbamoyl  Phosphate  Synthase - I to form  Carbamoyl Phosphote

® This step (onsumes 2 ATP and Is mseversible .

@_Fformation Of Cirulline

® Citrulline s synthesized from Carbamoyl Phosphate  and Omithine
by Omithine Transcarbamoylase

® Omithine IS again regeneroted € Urea cycle continves, .

@ _Synthesis Of Arginosucinate

® (itvlline Condenses with Aspartate fo produce Arginosuccinate
in the presence of Arginosuccinate  Synthase .

® ATP IS Cunverted fnto AMP € Pyrophosphate (PPi) .

@ Formakion Of Arginine

e Arginosuccinate  Cleaves 10 produce Arginne £  Fumarate in
the presence of Aminosuccinase .

® Arginine s Used az Immediate precursor of Urea.

® Formaton Of Urea

e Arginine finally in the presence of Arginase (onverted into
Urea and omithine .

e Omithine aqain used in Urea Cyce while Urea Is excrefed ouk
from body through kidney .
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EneraETICS OF URea (yee

e In Urea cyde 4 ATP molecules are (onsumed € it Is [revesible,

process .
e Two ATP qgre ulilized for synthesis Of Carbamoyl Phosphate .

® One ATP is (onverted to AMP to pfﬂdw:e Arginosuccinate  whith
Is equal fo 2 ATP.

MetAgouic DisoroErs OF Urea Cuete

o In healthy people , the ‘normal - blood Urea concentration  [s
10-40 mq/dl , now increase In blood -Urea level con leads
to vanoug metabollie disbalances |n our body .

e Uren cycle disorders are various Qenelic disorders, Occurs due
to_deficiency  In  enzymes involved 1h Urea  Qycle .

e The Five most common disorders ar ag follows

@ Hyper Ammonemia Type I -  Cabamoyl Phosphate Synthase T
@ Hyper Ammonemia Type T  :  Omithine [ranscarbamoylose

@ (Citrullinemia * Aminosuccinate  Synthase
© Arginosucdnic  Acidirea + Arqinosuccinase
® quermgfm'nemfa - Aminase
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