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Eukaryotes esa primase DNA polymerase α dk ,d vfHkUUk vax gS, ;g 10 nucleotides dk RNA primer la'ysf"kr 

djrk gS vkSj fQj eq[;replicative enzyme ls igys bls extend djus ds fy, 30 nucleotides dk DNA tksM+ nsrk gSA 
*  Event at the bacterial replication fork:- Helicase (Dna B) ds origin ls bound gksdj prepriming 
complex cuk ysus ds ckn, primase fu;qDr (or tqM+dj) gksdj primosome cuk ysrk gS, tks leading strand ds 
replication dks initiate djrk gSA  
  
[Helicase double strand DNA dh ctk; single strand ls bind gksrk gS vkSj helicase dh specifity ds vuqlkj, 

polynucleotide ds lkFk lkFk  3’  5’ or 5’  3’ fn'kk esa vkxs  c<rk gSA 

 2 separated ssDNA (;fn xqatkbZ'k gks rks) rqjUr okil cu ldrs gSA  
 Leading strand ds 1000-2000 Nucleotides replicate gksus ds ckn, lagging strand ij discontinuous 

strand la'ys"k.k dk igyk pj.k 'kq: gks ldrk gSA  
 dqN DNA pol III complex, tks leading strand la'ysf"kr djrs gS, lagging strand dks Hkh extend djrs gSA   
  Actually β subunit nksuska strands ij f[kldrh gS, vkSj 2 α subunits, γ subunit ls bound gksrh gS, tks fQj β 

subunit ls bound gksrh gSA  
 ;gk¡ γ-complex dk izeq[k dk;Z β-subunit ls fØ;k djuk gS vkSj bl izdkj template ls enzyme ds tqMus vkSj 

gVus dks fu;af=r djrk gSA ;g function eq[;r% lagging strand replication ds le; vko';d gksrk gS, tc 
enzyme repeatedly Okazaki fragment ds 'kq: vkSj vUr esa tqMrs vkSj gVrs gSA  

 DNA pol III vkSj primosome ds ;ksx ¼laxBu½ dks replisome dgrs gSA ;g parent DNA ds lkFk lkFk vkxs c<rk 

gS vkSj vf/kdrj replicative dk;Z  iwjs djrk gSA  

 blds xqtjus ds ckn, gj Okazaki fragments dks tksM+dj replication izfØ;k dks iwjk djuk vko';d gksrk gSA ysfdu 

izR;sd Okazaki fragment dk RNA primer ml txg ij tqM+k gksrk gS, tgka ligation gksuk pkfg,] vkSj bls DNA pol 
III }kjk gVk;k ugha tk ldrk (D;ksafd ;g 5’→3’ exonuclease xfrfof/k ugha j[krk)A blhfy, DNA polymerase III 
lagging strand dks NksM+ nsrk gS vkSj bldh txg Pol I ys ysrk gS, tks primer dks gVk adjacent fragments dks 
template ds [kqys fgLls esa c<krk gSA  

 2 Okazaki fragment (u, la'ysf"kr) dks DNA ligase }kjk phosphodiester bond ls tksM+ fn;k tkrk gS vkSj bl 

izdkj lagging strand ds bl Hkkx region dk replication iw.kZ gks tkrk gSA 
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The Eukaryotic replication fork:- 
 ;g vHkh rd LFkkfir ugha gks ik;k gS fd dkSu lk helicase DNA dh unwinding ds fy, ftEesnkj gSA   

 RPA (replication protein A) vyx gks pqds Polynucleotides dks fQj ls tqMus ls jksdrk gSA  

 DNA polymerase α RNA primer dks la'ysf"kr Hkh dj ldrk gS vkSj bls 30 nucleotides ls extend Hkh dj 

ldrk gSA ysfdu blesa sliding clamp dk LFkkf;Ro iznku djus okyk izHkko ugha gksrk (Pol III ds β vkSj Pol δ ds 
PCNA ds leku)A blfy, bls eq[; replicating enzyme DNA polymerase δ ls cnyuk t:jh gSA  

 E.coli polymerase ds γ- complex dk dk;Z multisubunit lgk;d protein (replication factor tks 
Eukaryotes esa dgykrk gSa) }kjk iw.kZ fd;k tkrk gSA   

 
Removal of RNA Primers from okazaki:- 
fdlh Hkh eukaryotic DNA polymerase esa 5’→3’ exonuclease xfrfof/k ugha gksrh gSA bl dke esa FEN1 (flap 
endonucleases) eq[; Hkwfedk fuHkkrk gSA ;g adjacent fragment ds 5’ end ls primer dks degrade djus ds fy, 
DNA pol δ complex ds lkFk tqM+k gksrk gSA  
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FEN1 primer ds extreme 5’ fljs ij ribonucleotides dks ugha gVk ldrk D;ksafd bl ribonucleotide ds lkFk 5’-
triphosphate group gksrk gS tks FEN1 dh xfrfof/k dks vo:) dj nsrk gSA  
Mode 1 Helicase → Pol δ Primer dks /kdsyrk gS → FEN activity RNA-DNA tksM+ ij Phosphodiester dks 
dkV nsrh gSA  
Mode 2 RNase → FEN1 → FEN activity RNA-DNA joint ij Phosphodiester dks dkVrh gSA 

 Eukaryotes esa dksbZ replisome ugha gksrk gS, cfYd replication esa 'kkfey enzymes vkSj proteins nucleus ds 

vUnj dkQh cM+h lajpuk cukrs gS, izR;sd esa 100 ls 1000 vyx&vyx ¼fof'k"V½ replication complexes gksrs gSA  

 Nuclear matrix ds lkFk tqMs gksus dh otg ls ;s lajpuk,¡ vpy gksrh gS, blfy, DNA molecules tSls&tSls 
replicate gksrs gS, oSls&oSls complexes ds chp esa ls xqtjrs gSA bu lajpukvksa dks replication factories dgk tkrk 
gSA  

Termination of Replication:- Bacterial genomes dsoy ,d LFkku ls nksuksa fn'kkvksa esa replicate gksrs gSA 
Termination sequences “Ter” (7 dh la[;k esa) dh otg ls vyx&vyx xfr ls pyus okyh 2 replication forks 
fcYdqy diagonal LFkku ij feyrh gSA Ter sequences, sequence specific DNA binding protein “Tus” ds fy, 
recognition site dh rjg dke djrh gSA Ter ls bound gksdj “Tus” protein replication fork dks dsoy ,d fn'kk esa 
xqtjus nsrk gS vkSj foijhr fn'kk esa vkxs c<+us ls jksdrk gSA  
Double helix ij Tus protein dh orientation ds vk/kkj ij mldh directionality r; gksrh gSA  
Eukaryotes esa termination ds ckjs esa cgqr de tkudkjh miyC/k gSA ;g  possible gS fd replication forks random 
positions ij meet djrh gSA   
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Telomeres 
Telomerase protein vkSj RNA ls cuk gksrk gSA ;g RNA 5’ end ij human telometric repeat (5’ 
TTAGGG3’) ls complementarity j[krk gSA ;g RNA izR;sd extension step ds fy, template dh rjg mi;ksx 
gksrk gSA DNA synthesis enzyme ds protein component }kjk fd;k tkrk gS, tks reverse transcriptase gSA  

 
 Telomere dh yEckbZ  telomere binding proteins (TBPs) }kjk fu;af=r  gksrh gSA tSls human esa TRF1. 

 Mutation tks TBPs dh DNA ls binding dks jksdrh gS, telomere dks lkekU;  ls yEck dj nsrh gSA ;fn mutation 
T;knk mRiknu djrh gS rks telomere shortening gksrh gSA  
 
Telomere Replication: -  
 Eukaryotic chromosome esa linear DNA dk replication ,d leL;k iSnk djrh gSA tks bacterial circular 

DNA molecule ds replication esa ugha gksrh gSA DNA synthesis dh lkekU; izfØ;k esa lagging strand ds 3’ end 
dk replication ugha gksrk gSA ;g chromosome ds var ij ,d fjDr LFkku mRiUu djrk gS vkSj bl izdkj double-
stranded replicated portion dh NksVk djrk gSA  

 bldk vlj ;g gksxk fd chromosomal DNA izR;sd replication ds ckn NksVk gksrk tk,xk, bl leL;k dks gy djus 

ds fy, dbZ izfØ;k,¡ fodflr gq, gSA dbZ thoksa esa chromosome ends (telomeres) dks replicate djus ds fy, 
telomerase enzyme mi;ksx fd;k tkrk gSA 

 izR;sd telomere G-rich hexanucleotide repeat dh dbZ izfr;k¡ j[krk gS, (vkSj Tetrahymena esa ;g GGGTTG 
gSA)  Telomerase viuh lajpuk ds vfHkUUk vax dh rjg ,d NksVk RNA molecule j[krk gS tks bl G-rich 
sequence ds ,d fgLls dk complementary gSA   
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 Telomerase dk RNA molecule, telomere end ls H-bond gksrk gSA RNA dks template dh rjg mi;ksx 
djds, telomerase RNA template dks izfrfyfi cukrk gS, (bl izdkj ;g ,d reverse transcriptase enzyme 
gS) vkSj telomere DNA ds fljs ij 6 deoxy nucleotides tksMrk gSA fQj Telomerase DNA ls vyx gksdj, u;s 
telomere end ij bind djrk gS vkSj extension izfØ;k¡ dh iqujkof̀Ùk djrk gSA  

 vafre :i ls vyx gksus ls igys Telomerase bl izdkj lSdMksa ckj rd ;g izfØ;k dj ldrk gSA u;k cuk DNA 
strand lkekU; DNA replication ds fy, template dh rjg dk;Z djds double-stranded chromosomal 
DNA cuk ldrk gSA lkekU; replication }kjk DNA ds fljksa dh shortening vkSj telomerase ds mi;ksx ls 
lengthening, nksuksa izfØ;k,¡ eksVs rkSj ij larqfyr gksrh gS, bl izdkj izR;sd chromosome dh yEckbZ yxHkx cjkcj 
jgrh gSA 
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Fig:- Replication of telomeric DNA. Telomerase has a bound RNA molecule that is used as 
template to direct DNA synthesis and hence extension of the ends of chromosomal DNA.  
 
Theta replication: -  
;g circular DNA, ds replication dk ,d lkekU; izdkj gS tSls fd E. coli vkSj vU; bacteria esa ik;k tkrk gSA blesa 
double-stranded DNA, nucleotide strand curk gS, tks template dh rjg dke djrk gS vkSj ftl ij u;k DNA 
synthesis gksrk gSA Doble helix dh uncoiling ,d loop cukrk gS tks replication bubble dgykrk gSA  

 Unwinding bubble ds ,d ;k nksuksa fljksa ij 'kq: gksdj mls yxkrkj cM+k cukrh tkrh gSA nksuksa template 
strands ij DNA replication, unwinding ds lkFk&lkFk pyrk gSA  

 Unwinding dk og LFkku tgk¡ ls single strands, double stranded DNA helix ls vyx gksrs gS mls 
replication fork dgrs gSA  

 vyx replication bubble ds nksuksa fljksa ij replication fork gks] rks os ckgj dh rjQ nksuksa fn'kkvksa esa vkxs c<+rs gS 

vkSj blhfy, ;g bidirectional replication dgykrk gSA nksuksa fork ,d lkFk unwinding DNA replication 
djrs gq, vkxs c<+rs gS vkSj var esa ,d nwljs esa fey tkrs gSA 

 vxj flQZ ,d gh replication fork gS rks] og iwjs circle ds pkjksa vksj fn'kk esa vkxs c<+rs gq, nks iw.kZ :i ls circular 
DNA molecules cukrk gS ftuesa ls gj ,d es ,d iqjkuk vkSj ,d u;k nucleotide strand gksrk gSA  

 Theta replication dk lcls igyk izek.k 1963 esa John Cairns us radioactive nucleotides ds lkFk bacteria 
dks grow djds fn[kk;k FkkA 

 
 Rolling-circle replication dqN viruses vkSj E.coli ds F factor esa gksrk gSA ;g replication fdlh ,d 
nucleotide strand esa break }kjk 'kq: fd;k tkrk gS tks ,d 3’-OH group vkSj ,d 5’-phosphate group cukrk gSA 
Broken strand ds 3’ fljs ij u, nucleotides tksMs tkrs gSa tks template strand dh enn ls fd;k tkrk gSA tSls&tSls 

3’ fljs ij u, nucleotides tksMss tkrs gSa] template ls VwVs gq, strand dk 5’ fljk  vyx dj fn;k tkrk gSA ,slk yxrk 

gS tSls ,d /kkxs dh jhy  esa ls /kkxk ckgj fudyrk jgrk gS, blls circle ds pkjks vksj 3’ fljk òf) djrk gS blhfy, bls 
rolling-circle model dgrs gSaA 

 
Replication fork ,d circle ds pkjks vksj cgqr ckj yxkrkj dke dj ldrk gS, tks ,d tSlh cgqr lkjh sequences dh 

vkil es tqMh gq;h izfr;k¡ cukrk gSA Circle ds pkjks vksj gj revolution ds lkFk c<+rk gqvk 3’ fljk izR;sd igys okys 
revolution esa cuus okys nucleotide strand dks gVkrk gSA var esa circle ls linear DNA molecule dks gVk;k tkrk gS 

ftlls ,d double stranded circular DNA vkSj ,d single stranded linear DNA molecule curk gSA ;g linear 
DNA molecule ;k rks vius complementary strand dks cukus esa  template ds :i esa dke vkus ds ckn ;k igys fQj 

ls circle esa rcnhy gks tkrk gSA 
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      Loop Mode Replication 
 

Chloroplasts vkSj mitochondria (eukaryotic cells esa) esa [kqn dk circular DNA molecule gksrk gS, tks FkksMh lh 

vyx izfØ;k ds }kjk replicate gksrk gSA nksuksa parental template strand ij vyx vyx fcUnqvks ij  origin of 
replication gksrs gSaA ,d strand ij replication 'kq: gksrk gS tks displacement loop ;k D-loop lajpuk cukrs gq,s 

nwljs strand dks gVkrk gSaA Replication rc rd pyrk gS tc rd fd ;g izfØ;k nwljs strand ds origin of 
replication u xqtj tk,A Replication nwljs strand ij foijhr fn’kk esa 'kq: gksrk gSA Mitochondrial DNA esa dqN 
growth conditions esa normal Y-junction replication Hkh gksrk gSA  
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CHAPTER : 4 
DNA REPAIR  
 

 thfor dksf'kdkvksa esa DNA dks dbZ jklk;fud ifjorZuksa dk lkeuk djuk iM+rk gSA (vDlj lw[ks ;k frozen uewuksa ls 

DNA sequencing djus esa l{ke gksus dh mRlqDrk esa bl rF; dks Hkwyk fn;k tkrk gSA  

 ;fn  DNA esa encode dh xbZ genetic information Hkz"V gksus ls cpkuk gS] rks fdlh Hkh jklk;fud ifjorZu dks 
Bhd fd;k tkuk pkfg;sA  

 DNA repairing esa dksbZ Hkh xyrh mutations dks iSnk djrh gSA  

Agents that Damage DNA 
►dqN wavelengths okyh radiation  

 ionizing radiation tSls fd gamma rays vkSj x-rays  
 ultraviolet rays, [kkldj UV-C rays (~260 nm) ;g DNA }kjk strongly absorb dh tkrh gS vkSj 

longer-wavelength UV-B Hkh tks ozone shield dks penetrate djrh gSA  
►Highly-reactive oxygen radicals tks normal cellular respiration ;gka rd fd vU; biochemical 
pathways ds le; curs gSA  
► okrkoj.k esa mifLFkr jklk;u %&  

cgqr ls hydrocarbons, cigarette smoke esa ik;s tkus okyksa lfgr ! dqN plant vkSj microbial mRikn, tSls 

fd aflatoxins tks moldy peanuts esa curk gSA  
► [kklrkSj ij Cancers dh chemotherapy esa mi;ksx fd;s tkus okys jklk;uA  

Types of DNA Damage 
1. DNA esa mifLFkr lHkh 4 izdkj ds bases (A, T, C, G) dks vyx&vyx LFkkuksa ij covalently modify fd;s 

tk ldrs gSaA   
o T;knkrj Deamination (,d amino group dk gVuk) gksrk gSA tSls: C nucleotide U esa cny tkukA 

2. DNA replication ds nkSjku proofreading ds vlQy gks tkus ds dkj.k xyr base pairs dk cuukA  
o lk/kkj.k example: T dh ctk; U pyrimidine (;g lkekU;r% flQZ RNA esa feyrk gSA) dk bLrsekyA 

3. Backbone esa Break gks tk;s:  
o ,slk flQZ ,d strand esa gks (,d single-stranded break, SSB) ;k  
o nksuksa strands (,d double-stranded break (DSB) esa gks  
o Ionizing radiation-bldk eq[; dkj.k gksrh gS] dqN jklk;u Hkh break cuk nsrs gSaA  

4. Bases ds chp covalent linkage ds dkj.k Cross linking gks tkrh gSA  
o ,d gh DNA strand ("intrastrand") ij ;k  
o nks foijhr strands ("interstrand") ijA 

Cancers dh chemotherapy esa mi;ksx fd;s tkus okys jklk;u DNA crosslinking dk eq[; dkj.k gksrs gSaA  

Repairing Damaged Bases 
Damaged ;k vuqfpr bases vusd izfØ;kvksa ds }kjk repair fd;k tk ldrk gS:  
A. Direct chemical reversal of the damage  
B. Excision Repair, blesa damaged bases dks igys gVk;k tkrk gS vkSj fQj lgh bases ls DNA la'ys"k.k }kjk cny 

fn;k tkrk gSA ;gka 3 rjg ds excision repair gksrs gSa:  
1. Base Excision Repair (BER)  
2. Nucleotide Excision Repair (NER)  
3. Mismatch Repair (MMR) 
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A. Direct Reversal of Base Damage 
Humans esa point mutations dk eq[; dkj.k LokHkkfod :i ls Cytosines esa (CH3-) methyl group dk tqMuk (an 
example of alkylation) vkSj mlds ckn deamination dk gksuk gSA blds dkj.k C, T esa cny tkrk gSA T;knkrj bl 

rjg dk ifjorZu glycosylases enzyme }kjk Bhd dj fn;k tkrk gS tks mismatched T dks gVk djds lgh C dks nqckjk 

cuk nsrk gSA ,slk fcuk DNA backbone dks break djs gks tkrk gSA Cancer chemotherapy esa mi;ksx dh tkus okyh 
drugs Hkh alkylation }kjk DNA dks {kfr igq¡pk ldrh gSA dqN methyl groups ,d protein (MGMT }kjk encoded) 
}kjk gVk fn, tkrs gSA ;g protein flQZ ,d ckj dke dj ldrk gS blhfy, gj methyl group dks gkVkus ds fy, ,d 

vyx protein molecule dh t:jr gksrh gSA ;g DNA dk direct reversal mechanism }kjk repair process dh 
lcls cMh nqfo/kk gSA  
 
 Bases dks Bhd djus ds fy; lHkh izdkj ds jklk;fud la'kks/kuksa dks vius vkidh dk;Zfof/k dh t:jr gksrh gSA ysfdu 

dksf'kdk dks T;knk lkekU; rjg dh dk;Zfof/k dh vko';drk gksrh gS tks lhfer lalk/kuksa ls gh lc izdkj dh jklk;fud 

gkfu dks Bhd djus dh {kerk j[krs gSA bl vko';drk gks excision repair dh izfØ;k iwjh djrk gSA  
 

B1. Base Excision Repair (BER) 
Steps dqN bl izdkj gSa:  

1. DNA glycosylase enzyme damaged base dks gVkrk gS ¼,slk vuqeku gS fd ;g izfØ;k gekjs 'kjhj dh gj 

dksf'kdk esa ,d fnu esa yxHkx 20,000 ckj gksrh gS½A balkuksa esa de ls de 8 genes gksrs gSa tks vyx&vyx 

DNA glycosylases dks encode djrs gS vkSj gj enzyme ,d fof'k"V izdkj ds base damage dks igpkuus 
vkSj mls gVkus ds fy, ftEesnkj gksrk gSA  

2. Backbone esa ls deoxyribose phosphate dks gVkus ls ,d fjDr LFkku curk gSA  

3. lgh nucleotide ds }kjk bldh txg Hkjh tkrh gSA ;g DNA polymerase  ij fuHkZj djrk gSA  
4. Strand esa break dks tksM+ fn;k tkrk gSA nksuksa enzymes vko’;d ÅtkZ ds fy, ATP ij fuHkZj djrs gSaA  

 
 


