BIOCHEMISTRY

UNIT 4 NOTES

NUCLEIC ACID METABOLISM
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NucLEIC ACi0

® Nucleic acid are Nafurally - occursing Pm'mar\/ information carrying
biomolecules  which foms the genetic malenal .

® Nucleic acid 1s made from nucleotides

® Nucedlides are the monomess 0v building blocks of nucleic qeid.

® Nucleic acid is the polymes of nucleokides, 05 it Is also known

as Patynuclenﬁd es.

® Since, it is found i the nucews Cnuclei) of the el and acidic
in nolure , hence it Is known a& MNudeic Acd.

Types of MNudeic Acid
O 0NA  ( Dam/ﬁbonudel'c Acid)
@RNA ( Ribonucleic  Acid)

NUCLEOTIDES

o Nudeolides are the monomesic ynit of nudeic add.
® A nudeclide Is omposed of 3 units

@ A Pentose Su,qmr

@ Phosphosic Acid

@A Mitogenovs  Base
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PENTOSE SuGAR

et s g component of nucleotide .
e It named pemose  becawse 1t contains S (arbans..
o Pentose suqas is nothing but a monosaccharide  with S @rbon afomg

oIt is of two ypes.

@ Ribose
@ Deoxyribose
Cthon O OH oon 0 OH
N N
NV NI
I I | I
OH O oM H
RigosE | DEOXYRIBOSE

PHOSPHORIC ACIO |

o Tt is dso a component of nudeotide .

o Molewlor formula = HsPOy

o Tt contoing three hydroxy! qroup and one orygen afom linkec|
wih phosphowg glom .
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NITROGENOUS BASE

o Nimgenous base s the component of nucleotide  containing nitrogen

o Ther are two Jrqpes of nitrogenous base :
@ PURINES ( Adenine, Guanine)
@ PYRIMIDINES  ( Urasil, Thymine and Gylosine )

A <Ak,

Adenine (wanine
Purines
5
0 NY, 0
CHs N
H/’K 0 /L
, H ﬁ o ﬁ 0
Thymine (Gytosine ) Unacil
PyriMIDINES
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Stoucture of Nucleotide

A nuckolide s made foom (ombinaion of Fentose Suqar, Nitmgencus
baze and Phosphom'c acd .

I GIENERAL STRUCTURE

NHq

/\N
y
[ Nitrogenous Baae.]
| ( Adenine)

Pentose  Suaar
( Deoxyribase )

NucLeaTIOE
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NOTE | . Fentose Suqar + Mitrogenoug Bage + Phosphate (aroup = Nucleotrcls.
Pentose Sugar + Nitrogenous Base = Nucleoside.

Or, We con Ay Nucleotide = Nudeosics t Phosphale Giroup.

® The word DNA stands for  Deoxynbonucleic Aad,
o It contning deoxyribese suqar.
o Nitroagenoug Bases in DNA ar : Adenine, Guanine , (ytosine, Thymire

® Thalf ore U‘SUUML’;‘ double stranded -
o I ads qas Qenetic moteno| < carmies - Genetic iformahion .
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IRNAl

® RNA stands for Ribonudele Acid.
2 Ii. tontains ribose Suqav.
® Nthﬁgmoug Bases jn RNA are @ Adenine, Guanine , (josine ,Uracil

® RNA |s Mainly  responsible for protein synthesis.,

o Thete are genemlly single Standed .

e There are mainly fhree types of RNA jnuolued in prtein Ay nthesis
@© MRNA  (messenges RNA)

@ tRNA  (tronsfes RNA)

@ ¥RNA  (ribosomal RNA)

P
Adenine I
P
Guanine
sy
s
P
Uracr) |
p

' CEeu‘ne I
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DNA RepucATion

o Tt is the process in which DNA mokes mulliple - copies of itself

® Tt isa bidogicel polymensahon, that  proceeds In the sequence of
initialion, elonqaion € Yeminakion.

® THis on enzyme cotolysed feaction .

® ONA Rlymerase 1s the main enzyme in the Rplicalion proess

Models Of DNA RePll'cuhbn

There are  bosically 3 models of DNA replication *
© (onservalive Model
(6)] Drépe&siue Model
® Semianseuokive Model

Steps Of DNA_Replication

The:e are mwniq 3 s%eps muolved in the Pma.; of DNA I"EPI!cuhon
® Initiation
@ E!nnauhon
@ Terminahon

TNITIATION

® DNA replicaton demonds O h[gh degree Of accuragy  beouse  even
a minvte mistoke would Tesulk 1n mutakions . Thig replication  cannot
Inihate rancomly at any  point i DNA .

® To begin the process of feplication there (s a paricular  reglon
(olled onain OF replication , this Is the point  where the replicotion

onglmﬁes

~
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® Repliattion beging with the S{xﬁh‘fna of this ongin followed] by
the unwinding of two ONA shonds .

® Unzipping of DNA shonot in theis entise length 1s  not %a&ibu.
dve to hfgh energy 1‘npu’r. Hence , fisst, @ replicaion fork is
Cveated Catalysed by helicuse  enzyme fhat unzips the DNA shrndy,

ELoNGATION

® As the strands are separated , the polymerse emymes start
Synthesizing  the @mplementary - sequence n  each of the Strands .

® The paentol stonds will ot o% a femplote for newly synthesising
duu/qhi'er strands, .

® It is fo be noted that elongation |s unidirechiona) i-e. DNA s
alw Polyrv*renl%d only In.the S'to 3 directon

e In one strand it 1s @nhnuous . called cntinuous feplicoion  While
in other -strand it is discontinuous, , lied disconbinuovs teplicotion

® They oxur 08 frmgments called Okazaki Fagments.

® The enzyme (alld DNA ligose Joined them later

TeRMINATION -
o Teminakon of weplicalion occurs in different s waye i cliferent
Ofganisms .

® An enyme, @led ewnudesse femover all e RNA poimers,  ffom
ongino) strand  after the formaton of continuouy @ disconkinuous,
shonds .
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OMA Primase.
RKNA Pimer

Lnggfng
Strond

Strar

Helicage

DNA Repucanon I

EnzyMes JImnvovep IN DNA REPLICATION

DNA  Replication is a hignly “enzyme dependent process
There -are 20 mony emymez involved In DNA Rephcation 0s Rilows °

©_DNA_Polymerase

o T} helps in Po!qmen‘sahbn , @blyses € maulan'ses the  (Whale proces
of ONA  replicction with Suppost of ofher enzymes .

® DNA polymenge 1 of three fypes

() DNA  Polymerose T

@) DNA  Polymerase IL

@) DNA  Polymerage L

@ Helicase

Helicose Is the enzyme  that urzips the DNA shands bU
breaking the hydiogen bondz  behween them
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® Ll'gase
Ligase is the enzyme Which joing the okaaaki fragments fogether
of discontinvouz DNA  strand® |

@ frimase

The erzyme helps in the Aynthesis of RNA  primes .

® Endonudeases

These produce O smgra stranded or double Stranded cut 1h a
DMA  malecule .

VIDEOS : [} IMPERFECT PHARMACY



TRANSCRIPTION

® Tmnscriphion IS 0 process i which RNA CRibonuceic Acid) i
]g}anhesm fiom DNA .

® Iis the fit step Of Giene epresson in which genehic indmakion
stored in DNA expresced ‘fhmush RNA ,

® It is dmply known as RNA Synthesis

o Only cpecific part of DNA s fesponsible for RNA Synthecrs
known 08 Stucural Glene.

® RNA gynthesis & medidded by RNA Rilymeroge

o The lewplole fape stund af which RNA synihesis fokes
Ploce is kown 03 Templote (Tmnscipted ) Strand .

® The ctmnd other than Templake s known 08 dehxj CNon - Trangcnigid)
Strond |

S{ﬂges OF _Transcription

Transeription - invotves 3 different stages -
@ Tnikahon
®@ Elanauhbn
® Terminahon

_Jniokion _

® RNA Rlymerze , an enzyme (esponsible for RNA Synthesi .
bindg t0 0 specfic regon of ONA cilled Promotes .

o Ths maks the stuting point for Transenption,

o The proces involves unwr’rﬂr‘ng of DNA .
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Elonﬂcdfon
® The RNA polymerase moves along ONA femplate , unwinding
the double helix ond R nthesizing o @mplementary RNA

drand .
® As it movec, It nkinues fo unwind the DNA  aheod
ond wewind it behind , foming an RNA shrand thal s

@mplementary t0 DNA femplate..

Temination

Eventually , transcription feaches o fermination. sequence. I
the DNA , which ggnols the BER RNA Polymerage 4o
Please the Newly synthesized RNA strond € detach fom
DNA Temploke. in he presenct of Rhe fadvy.
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[ TRansiaTioN ]

e Tranglahon Is defined as process by which geneh'c infermn aion
encded n MRNA js decoded 1o pmdure a speific
equene 0f amino acids , which then foidg  into funchono
protem..

e The pwes oawz in fbosomes of clls € frvolues
interadions, belween MRNA | +RNA € fibosomal proteins, .

Stages Of Tranalohon
Tranglakion involues 3 Shges 3
@ TInihahon
® Ercnacﬂz‘nn
@ Temnin ahon

Tnitiakon

® The mRnA bindg fo the wibosome and the proess
begt‘ns, wth the stk don (AUG) ber‘n% ecognized
by inhotoyr  tRNA ( @rrying, methronine.)

ElongoHon

] lellr:‘j Acds are (dded oOne bﬂ one 1o the gmwlh%\ Polypeplidc
chom

® The oz 0z the wbosome Moves along the mRNA moleae,
feuding. each codon  Ca tiplet of nudechides ) -2 mokhtng i

(uith (omwesponding, anticodon of inmng, ERNA mdaule
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Temainakon

® The pweess ontinues unkl o stop cdon -CuAR , UAG UGA)
s encountered On the mMRNA

® This signalz the rbosome fo release the newly &ynthesizecl
poiypepi]de chain , which then foldz fnko its ~fanchono
3 dimensicnal it
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l BiosynTthesis OF Purine NucCLEOTIDES

There. are mm‘nhf two methods of brbsqnfhthfs of Funhnes '
® Pe Now Ftll’nmcu{
® Salvage Palhumf

De Novo Pathway

I
® In denovo PO}WO’V purine nudeotides are synthesized not
free punne bases

® Ribose- S- Phosphote used 0% precursor In cle noua Fﬂlﬂtm-'f:

o~ D- Ribose - S- Phosphate

ATP
i l PRPP Synthase

S- Phosphornibasy| - &- Fyrophosphate

Gilvtamine + Ha0 l : |
Glotamote £ PP J PRPP Glutamy! Amidotransferase

S- Phospho - B- D- Ribosylamine
Gilycine + ATP .
ADP + Pi ) l Phosphonbosyl Gilycinamide Synthase
Grlycinamide  fibosyl - S - Phosphate

£ 10
Jid .‘::fhmul ?Fl Formyl frmnsferase

Formylglycinamide nbosyl - S- Phosphate [

Gilutamine + ATP  Ha0 l
th
Sidanole AT ERY §  THORE

Formylglycinamidine  nbosyl - S - Phosphate
ATP ) l Synthase

§- Aminoimidazole fibosyl - 5- Phosphate

!
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S- Aminoimidazole ribosyl - 5- Phosphate
(0a —*l (arboxylase

5 - Aminoimidazole Ccarboxylote ribosyl- S- Phesphate

Aop t Pi

5 - Aminoimidazole 4 - Succinyl
Carboxamide nbosyl - 5- Phosphate

Fomarate *—1 Adenosuccinatelyose

5- Aminoimidazole 4 - Carboxamid
_fMbosy! - 5 _Phosphate

N'¢- Metheny! THF l
e ) Formyl - fransferase

S- Formylamineimidazole 4- Carboxamide
rbasy! - 5- Phosphate

Ha0 *-"l Cuclahqdmlagg

Tnosine  Monaphosphate
[

Asparfate + GITP ; NADY
G0P # Pi ,)I Adenylsucinate  Synthase ieh )lIHP Denydrogenoge.
Adenylsucinate | Xanthosine  Monophosphate
. Gilutamine Gluanosine phosphalc
fumarate q—l Adenylsuccinage - 014.) l SHn’rhfu. f P
Adenosine  Monophosphate Guonosine  Monophasphate
(AmpP) (GmMP)
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Sdugqc Palhwag For Purines

e This pathway  provides putine nuclealicle for the Hssves which
are Incapable of +their biosynthesis by  denow Poihww{-

® example © humon brain hos low levels of PRPP amidotransferse
4 olso RBGs (cannot synthesize S- Phosphaﬁmsqfumfne,

® Now these Hssves marnly depmds on mlmge Paihway for
%u.line. nudeolide  synthesis .

® [his Is much Stmple: £ feqUI'red less ene{gy.

Adenine  Phosphoribosyl Transfer
/"—"\

PRep PPi

Hypoxanthine Gluanine

Phosphonbosyl  Transferag e
» G
> N

PRrep PPy

Hypoxanthine  Gluanine

Phosphoribosy!  Transferose ”

PRPP PPi

Hypoxanthine
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BlosuyntHesis OF PyRiMIDINE  NUCLEQTIDES

Bt‘osynhesis of pqn'mfdr’ne nucleolides Occured b\(f
® De Nouwo Pathway
@ Suluag:. ﬁlhma.c(

De Novo Pathwoy
o The pyrimidine fucleokides are -
® (ytdine  Monophosphatke
@ Undine Monophosphate.
® Thymidine Monophosphaks.

e Unlke the Sqﬁ’rh&:lls of Pun‘nc nuckeoide , pyrimidine fing I
made fist € then altached to  nbase Phosphal'e.’ which Is
donated by PReP.

(0. + Glvtamine + ATP

2
3 :;: : ??0) l Carbamoy! Phosphate Synthege T

Carbamoyl ~ Phosphate

Aspagtic :::ld ) l Aspattate  Transawbomylase,
Carbamoyl  Aspartake
N:’;z‘ 3 l Dinydroorotase
Ontate
Prep

o) J l Orotate  Phosphonbosyl  Transferage.
Qritidine  Monophosphate.

Continves s
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Ontidine.  Monophosphate
(02 l Orolidylate  Decarboxylase

) Undine  Monophosphal-e

AADLP D 1 kinase

UDP (Undine Diphasphate)
I

bonuclesticl
n )4 b 3l St
Uridine Toiphosphate (UTP) Deoxyuridine  Diphasphale.  (duop)
Glulamine ATP —rl (TP Synthage I:-f? ) l
Cylidine  Triphasphate (CCTP) Deoxyuridine - Monophosphate (dume)
N3, N© Methylene THF)l Thymidylake
THF Synthese

Dexythymicine lﬁﬂl‘lopho?m}e (dmp)
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Solvage FPothway for  Pynmidines
= ,, .

ATP ADP
e

Undine Cyhdine kinase

I Unidine |

Cytidine » (CMP
” Gl
ATP ADP

ATP A ADP

Deoxythymidine — | TMe

Thymidine kinase

ATP s ADP

Deoxyoylidine > ‘ depp

Deoxycytidine khage
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