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1. H avtiypadn tou DNA

NiwkoAao¢ MnaAatoog



POAOC TOU YEVETLKOU UALKOU

“A genetic material must carry out two jobs: duplicate
itself and control the development of the rest of the cell
in a specific way.”

-Francis Crick



DNA - pwtelvn

® Apxikd: H npwrtelvn giva to yeveTiko vAko, Stotu
glval o moAuntAoko artoé to DNA

® O npwrtelveg anaptilovron amnd 20 StadopeTikd
OLULVOEEQ OE HAKPLEC TTOAUTTENMTIOLKEC AUGCLOEC



POAOG TOU YEVETIKOU UALKOU

Charles Darwin, 1859 ‘The Origin of Species’

Ta epPBra ovta sival oxedblaopeva, aAla eival
QTOTEAECLA PUOLKNC ETILAOYNC,

Kol e€EALOCOVTOL YLOL YEVEEC LUE MLKPEC OAAAYEC

Gregor Mendel, dekaetia 1860
Yriootpén Wolewv tou Darwin

Mopadyovteg ou KaBopllouv Ta XOPAKTNPLOTIKA
ToU €uPLou ovtoc.

Ta yovidLa mepvoUV OTLC EMOUEVEC YEVEEC, OTIOU
O armoyovo¢ kAnpovouei yovidla Kol amo Toug

G. Mendel
duo YOVELC. 1823-1884



Avalntnon Tov YEVETIKOU UALKOU

Johannes Friedrich Miescher, 1869
ATIOMOVWON XNULKWY OUCLWV TIOU EVIOTILOE OF
NMUPNVEC AsUKWV apoodatpiwv (amo mouov).

H kUpla ouocla TOU EVTOTLOE TIEPLELXE
dwodpopo, alwto, aAAd OxL Beio «kalL TNV
ovopaoe voukAeivn (to DNA).

1844-1895

Miescher, Friedrich (1871). "Ueber die chemische
Zusammensetzung der Eiterzellen".
Medicinisch-chemische Untersuchungen 4: 441-460.



Avalntnon Tov YEVETIKOU UALKOU

H avakaAvyn tn¢ «apxnc tov HETACXNUATIOUOU »

Frederick Griffith, 1928

- Pneumonia (Diplococcus pneumoniae). MOAUVOT TTOVTIKWV.

- Ta movtikia ekdbnAwvouv mveupovia

Avo tunol Baktnpiwv: 1881 - 1001
- S BaktpLa, €vtovn popdn mveuvpoviag (Asio tolywpa, smooth coat — pneumonia)

- R BaktripLa, A popdn nivevpoviag (adpo tolxywpa, rough coat - no pneumonia)



Avalntnon Tov YEVETIKOU UALKOU

H avakaAvyn tn¢ «apxnc Tovu UETAOXNUATIOUOU »

Injection

e

Living R strain

Griffith, 1928



train Injection

Living R strai

Frederick Griffith’s 1928 Experiment

Mouse healthy

xnonvirulent

Injection

Mouse healthy

Heat-killed
S strain

Injection Mouse dies

Mixture of
heat-killed S strain
and living R strain

Living cells of
S strain 1solated
from dead mouse

Living R strain



Avalntnon Tov YEVETIKOU UALKOU

To meilpapa twv Avery—MacLeod—McCarty

rough strain
(nonvirulent)

Tt

mouse lives

smooth strain
(virulent)

e
%

mouse dies

o

heat-killed
smooth strain

% %
%%y
%

-

mouse lives

rough strain &
heat-killed
smooth strain

mouse dies

Oswald Avery
(1877-1955)




Avery—Macleod—McCarty

Oswald Avery Colin MacLeod Maclyn McCarthy
(with J. Watson and F. Crick)



INDEPENDENT FUNCTIONS OF VIRAL PROTEIN AND NUCLEIC
ACID IN GROWTH OF BACTERIOPHAGE*

By A. D. HERSHEY ano MARTHA CHASE

(From the Department of Genetics, Carnegie Institution of Washingion, Cold Spring
Harbor, Long Island)

(Received for publication, April 9, 1952)

The work of Doermann (1948), Doermann and Dissosway (1949), and
Anderson and Doermann (1952) has shown that bacteriophages T2, T3, and
T4 multiply in the bacterial cell in a non-infective form. The same is true of
the phage carried by certain lysogenic bacteria (Lwoff and Gutmann, 1950).
Little else is known about the vegetative phase of these viruses. The experi-
ments reported in this paper show that one of the first steps in the growth of
T2 is the release from its protein coat of the nucleic acid of the virus particle,
after which the bulk of the sulfur-containing protein has no further function.

The Journal of General Physiology



H avalitnon Tov YEVETIKOU UALKOU
Hershey-Chase 1952

virus particle
labeled with 35S

DNA being
injected into
bacterium

358 remains
outside cells

S0
H ntpwrtelvn 8ev poAvvet to Baktripio



H avalitnon Tov YEVETIKOU UALKOU
Hershey-Chase 1952

virus particle

labeled with 32P Aﬁ\?\

DNA being injected /J
into bacterium

©2005 Brooks/Cole - Thomson Learning

32P remains inside cells

To DNA LoAUvel 10 Baktnpto



DNA discovery Hershey-Chase 1952

Bacteriophage phosphorus labeled
sulfir labeled DNA core
protein capsule
I
M % 1. Infection
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3.Centrifugation
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No sulfur detected in cells Phosphorus detected in cells
+
% Sulfur detected in No phosphorus
supernatant detected in supernatant

The Hershey-Chase Experiment



H anokdAuyn tou YEVETIKOU UALKOU

Hershey-Chase 1952

32p
DN& Q
—» R —
TN ?9?9
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with =
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Bacteria are After 10 minutes = /
infected with disrupt cells in Centrifuge
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H avalitnon Tov YEVETIKOU UALKOU
Hershey-Chase 1952

Most 35S in supernatant

355- DNA gp

‘ & Bacteria

lyse
Centnfuge

Infect

bacteria ? *

Break bacterial cells away No 35S -labeled
from any viral material phage coat in
remaining outside them progeny phage
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Insight and discovery are functionally separable.
The one precedes the other.

Insight can happen every day.

Discovery does not.

Insight takes more intelligence,

but it is discovery that is rewarded...

—Francis HC Crick




“A Structure for Deoxyribonucleic Aci

Watson JD, Crick FHC

”

Nature 1953; 4356: 736-737

wo asse  April 25, 1953
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nudleic Acid

E wuh to suggest o strecture for the sl

of deoxyribose nueleic seld (D.N.AL).  This
wiructum e navel feturs which are of considerable
biologaeol intarest,

A structure for nuclelo scid haa already baen
propossd by Paaling and Corey’. They kindly made
thedir manuscript available o us in advanes of
publication. Thelr model consats of thres indes-
twined ohmins, with the phosphates near tho fibee
axis, and the hass on the outside. Tn our opinion,
this steusture W unstisfactory for two ressons
{1) Wo believe that the material which gives the
Xoray diagrams Is the salt, not tho froe ackd. Without
the aoidie hydrogen atoms it is ot clear what. forees
woukl hold dhe stracture together, mspocially as the
nigatively eharged phosphates noor the exis will
repal ench other, (2) Some of the van der Waals
distanoes apgwar 10 be too amall,

Another thme-chain atreeture has also boes aug-
gosted by Fraser (n the prss). In his moded the
phosphates ore on the outside ond the bases on the
mede, linked togoether by hydrogen bonds,  This
structuew ok deseribed ix rathor fll<dofirmd, asd for
this reason we ahall not camement
on 1%,

We wish to put forwand &
redically diffarent sroctum for
the salt of deoxyribose nocksie
s, This struoture has two
helical chains sach coiled round
the sooee axiz oo diagram|. We
hove made the usunl chemioal
sssumptions, nwmely, that esch
chain eoemists af phouphate di-
estar groupe joining B-pD-deoxy-
ribofurannse residues with 37,5

linksges, The two chaims (bat
not theer basa) arne mlatod by &
dyad perpendiculor to the fibre
axis, Both chains fall ight-
hargded belioes, but owing to
the dyad the mguetsea of the
atoms n the two chains run
in opposite directions.  Ensch
chain  locesly  reesmbles Fue-
borg's® mwoded No. 1; thas &,
the bases are an the inside of
the helix and the phosplstes on
LBl outaide. The configamtion
e of the sugor and the ntoms

near It is close to Furberg's
standard confignration’, the
wughr boing roughly porpondi-

s
}L‘i"?.ﬁ._. :‘rum‘::: cudar 10 the attached bose, Theee
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is & resedue on eoch chain wvury 34 A, m the s-direc
tices,. We have assumed an anglo of 36” betwoon
adjmcont residuns in the ssme ohoin, so that the
structure repeots afler 10 swwidaes on coch ohain, that
w, after 34 A, The distonce of & phosploeus atom
from tho fibire axie is 10 A, As the phosphates are on
the cutside, cotions have ey iwoess to them.

The structure is on opon 0w, and its water pontent
M rather high, At lowee watar contente wo would
wxpect the bass o tilt 9o thas the strueture could
botomo momn compact .

The novel featare of the ateucturs s the msnner
in which the two chains are hold togethar by the
puaring and P’rimi«huu basess, The planes of the bases
are porpendicular to the Ghro axi, Thoy are joined
togothor in pairs, & single base from o chnin buing
hydeogin-boeded to » single base fram tho other
chain, #0 that the fwo liv side by side with identical
2.co-ordinntas. Ot of the pair must be s parine and
the other & pyremidine for beading to cosur. Tha
hydrogen bonds are monde as follows = pusine position
1 to pyrimsdine position 1 punne position 6 to
pyrimidine position 6.

If it is assumed that the boses only oscur in the
atrwetiare in the most plamsible tsutomerio forme
(that is, with the keto mtbwr than the enol oom-
flgurations) it s found that anly specific paims of
boses oan bomd together. Thide pairs am : adoning
[purine} with thymine (pyrimidine), and gosnine
[puring) with cytosing (pyrimidine).

In othar words, if an adening forme ono member of
a poir, on either chain, then on thesa wnunfnimm
the other member must be thymine ; similarly for
guonine and cytosing, The sequenco of basss on &
single ehain does not appear to bo mstroted in any
way, However, if cnly spocefio palrs of bases can be
formed, 1t follows thas if the sequence of boses on
one ebain in given, thes the ssquence on the other
ehain is sutomoticolly datesmined.

It his been found expecimenrolly®* that the rotéo
of the amounts of sdenune to thymine, sad the rotéo
of guanine 10 cyloding, am always very oloss to unity
for deoxyriboss nueleie seid.

It i= probably impossble to build this straeture
with & nboso sugoe in plios of the deoxyriboss, ws
the exima oxygen otoen woukd make too clom o van
der Woals contact.

The previously published Xomy data** on dooxy-
riboss muoleio aoid aro insafficiens for o rigorous test
of our sractur.  So far & we osn tall, is 3 roughly
compotible with the exporimaental data, but it must
be regarded as unproved until it hos been chocked
against mare oxict rosslts, Some of thees nre given
in the following commmunicatioss. We weew nol awao
of the details of the results prosonted thare when we
devised omr struotare, which rests mainly though not
entirely on published sxperimontal dats snd sterco-
chwanical argusnents.

It has not escaped our notice that the specitic
poiring we have postulsted immedsately suggests a
possible copying mechaniam for the genstic material,

Full dateils of the stroctury, inchading the oon-
ditions assumed in bullding is, together with o sct
of oo-ondinates for the stoms, will be published
olserurbiecw,

We arv much indobted to Dr. Jurry Dosoliss for
constont advico and criticlsn, capocsally om inter-
stomio distanoss, We have also been stimulated by
» knowlodgn of the geaceal ratum of the ungubliskbed
expurimpntal ranlts omd idess of De. M. H. F.
Wilkins, Dr. R, E. Fraoklin and theér oo workers at
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King's College, London. One of us (J. 1. W) baa beon
aided by » followship from the Notionsl Foundastion
for Infantid Paralysie,
J. D, Warsox
F. H. C. OCxrex
Medical Rescarch Couneil Unit for the
Study of the Molooulnr Steweture of
Biological Systemns,
Cavenrdish Laboratary, Cambeidge.
April 2,
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GENETICAL IMPLICATIONS OF
THE STRUCTURE OF
DEOXYRIBONUCLEIC ACID

By J. D. WATSON and F. H, C, CRICK
Medical Research Council Unic for the Study of the
Molecular Structure of Blo Systams,

HE of d il deio aoid (DNA)

JonE et ntt T a2
v not ent n nuelous,
where .'«n“é an esmntin] oonstituent of the chrome.
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Until now, hawever, no ovidenos has been presented

to show how it mi enrry out e euentinl
oparation required of & genotée material, thot of
oxnot self tion,

Wo have rosntly proposed o structure' for the
mit of deoxyribonucleie acid which, il earmot,
immediately s o mechanism for its self-
duplication, Xoray evidenos obtained by the workers
nt Kings Colloge, London®, and prosnted at the
s time, gives %udiwivn sapport Lo our structan
oand s dneony le with all previously proposed
Mlm'?m';nd ‘:I the structure will not be m;m
plotoly peoved untid 6 mos extensity compariaon hag
Lommmbwﬂhthax-n dato, we now food sufficient
confidence in its gemornsl correctness to disouss its
genotionl implications, In doing =0 wo aro assuming
thas fibevs of the salt of deoxyribonucleic acid are

NATURE

o common fibre axis, a8 is shown dingrammstseally
in Fig. 2. Tt has ofton been ssnaned thal ainoy thore
wos only one chain in the chemicol formula there
would oaly be one in the structural unit, Howuver,
the density, taken with the X-ray evidenoe®, suggoests
vary atrangly that there am two,

Tha other béologioally important festure is the
monner in which two ohains aro held togedhor.
Thi= is done by hydrogen bonids betwean the boases,
ns whown mbematically in Fig. 3. Tho boses are
ﬂimd thar in pairs, & single base from one obain

g %@mhnﬂd to » wingle Fesn from the

important poind @ that only cartain palm
of bk will fit into the strueture. One member of &
pair muat be o purine ood tho othor o pyrimiding in
order to bridge between the two chaine.  If a poair
oonsssted of two purines, for exomple, theee would
nod be rooen for it

Wa badiove thot tho bases will be t kel
eatirely in thelr most probable tautameric forme. 11
this i= trae, the conditions for fo hydrogen
bonda are more reatrictive, aod the ¢ pairs alf
basea possible are :

adeniine with thymine ;
guanine with eytosine,

Tlws way in which these are joined together @ shown
in F?. 4 amdd 5. A given pair caa be either way
N Adenine, for pla, con oecur on either
obmin ; but whan it does, its partner on the othes
eh;i}r‘\ mut.lnh\y' be thymine. by the

s pair i stromgly supported the reosnt
mlytiur\l“ n:‘;-lml. whichylmo' that for all sourcos
of deoxyribonueloie sold exnmined the amouat of
adoaine s elose 10 the amount of thymine, and the
amount of guanine elees to the amount of eytosine,
although the cros-ratéo (the rotio of adenine to
guanine) can vary from ome sourme to  anothar.
Indood, If the wenoo of beens on one chain s
irregualar, it is difficult to exploin these analytioal
results oxenpt by the sort of pairng we have

" wiod, )
"ﬁo phosphnte-sugar backbone of our model is
oomplotely regular, but any sequence of the pairs of
s ean it into the structure, Tt follows that in o
long  molecule different.  pesmutations oro
passible, and it therefors seems likely that the preoise
f the bases ia tha code which carries the

not artofoets arsing in the method of prepamtion,
sinoe it has boen shown by Wilkine and his co-workers
thae similar X-ray patterns aro obtained from both
tho isclated filbres and certain intact biological
materinls much as sporm head and bacteriol

portioloshs,

Tha formula of deoxyribonucleic acid is
now well established. Tho mokecule is a very long
chain, the baockbone of whioh consists of a regulor
altornstion of sugar and phosphate groupe, as shown
in Fig. 1. To each suger ia attached o nit T
base, which con be of four different types. (We have
oonsidersd S-methyl oytasine to be equivalent to
uytosineg, since either can Gt equally well into our
sructure.) Two of the pomible boses —adinine and
gunnine—are purines, and the other two—thymine
arl oytosng —are pyrimicines, 8o far as s known,
the mquencs of bases along the chain ia irgular,
The monomer unlt, consisting of AUGAT
ond bose, is known s a nucleotide,

The first foature of our striseture which &= of
biclogical intercet is that it consista not of one chain,
but of two. These two ohains are both eolled arouynd

o
gm‘mtiml information,  If the sctunl onder of the
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«DNA contains all of the secrets of nature.
If we could only sequence the human genome
we could understand every human disease.
Unfortunately, this will not happen

In any of our lifetimes»

James D. Watson
Durham, NC, 1967



To KEVTPLKO doyua

Mupnvag KuttaponAaoua




Nati avaypadgetot to DNA

Chromosome

condensation P
Nuclear envelope
breakdown /S,
Chromosome Chromosome i
. decondensation N———

segregation , J

greg Reformation of Gy

i nuclear envelope
Chromatids Cytokinesis G,

http://www.ncbi.nlm.nih.gov/books/NBK21466/
http://themedicalbiochemistrypage.org/cell-cycle.html



H avtiypadn tov DNA

Original parent molecule

A

First-generation daughter molecules



H evapén tng aviypadpng



Ta tpia otadla tnE Evapéng tng
avtiypadnc tov DNA

@ Avayvwplon ntepoxng DNA évapéng
® «Awolpo» SumAng EAkag (omaoipo dsopwv H)

@ Afopevon eAkAaong
(6uaomaon deocpwv H, anopdkpuvon KAwvwv)



H rteproxn Evapéng tng aviypadng

@ Evapén oo CUYKEKPLUEVEC - TUXALEC- TLEPLOXEC TOU XPWHOOWLOATOC
@ MPOoKAPUWTLKA XpwHOoowWHATA (KUKALKA): TtepLloxn evapénc avtiypadnc
@ EUKOPUWTIKA XPWHOCWHOTO: TTOAAATTAEC TTEPLOXEC

® OLTeploxéc avayvwpilovtol amo elSIKEC TPpWTEIVEC (EVOPKTAPLEC)

@ PemAwkovio: Kabe povada avtiypadnc (to ouvoAo tng neploxnc DNA
TIOU OVTLYPADETAL UTIO TOV EAEYXO ULOC KOL LOVNG TIEPLOXNG Evapénc)



Evapén tng aviypadng

® Evapktipleg npwrelvec:
@ avayvwpll{ouv eVAPKTNPLEC TIEPLOXEC,
@ etoudetepwvouyv deopouc udpoyovou (6-H)
otnv neploxn touv DNA omou deopevovrtal
@ TOTUKO «AlwaoLpo» doung DNA

@ EAwaon: Kweitat otn dikAwvn neploxn dtaonwvtag 6-H
@ eteldbikevon we mpog tn popa TWV KAWVWV

(bLadpopetikeg eAkaoec Seopevovtal otov 5'—3’ kat 3’ —5’ kKAwvo)

@ Evépyela amo udpoAuon ATP



Neploxn Evapéng tng aviypadng

Escherichia coli

ERGAANAN oelpd O¢oelg deopeuong Tng

aAAnAouxwwv 13bp npwtelvng dnaA
(mAoUowwv oe AT) l 1

_ < —— < —>

I IRl

Ouodwvn aAAnAovyia
(consensus sequence)




H avtiypadn apyilel oe eldbikn O€on:
gvapén tnc avtiypadnc (origin of replication)

Evapén avtiypadng

NeoouvOepévo
DNA

Awxaha

avTypoadns Aoun ©
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H évapén tng avtypadng

replication

origin

r

I ‘|| Tl

I

Molecular Cell Biology, 4" Edition




Avtiypadoowpa (Replisome R replication factory)

Avtlypadoowua

O puBuoc aviypadnc ota Baktipla ivotl 750-1000 Baoelc / sec



2tpePn DNA

1 9 10 15 20 25
I I I I I I
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(A)

25 1
|
A’N&'\‘\\‘\.‘\_ Lk: Ap1Bpoc cuvdéoswv (linking number)
r_’/"?’ \-\1 nooec popéC Evag KAwvog DNA meplotpedeTal
PJ 112 nepl Tov aova tng €Akag beétootpopa.
20~ XX/ 22 -3 Tw, ApOuo¢ ocvuotpodpwv
% /g Wr, AplOunoG eptotpopwy

(B) Lk =25, Tw =25, Wr =
XoAopdg KUKAOG
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(B) Lk =25, Tw = 25, Wr
Relaxed Circle



2tpePn DNA

1 5 10 15 2|O 2|3
I I I I
) OO OO OO oo oooooooooooooooooocoocoooooooooooe” S "

(€) Fpappkd DNA ektuAlypévo katd Vo ARPELS Oe€LEC OTPOdEC
23 1
S ¢ 2 .
Lo nd Q0 oce 22Q\ /
20. /rrf \111 //'_’}' \-\?) ss‘ff J\l\\\f \12
: )S
g ! A AAS
d A5 Yo \’f/:f/ AocZ
(} g . 8 16
22 // (E) Lk =23, Tw ~ 25, Wr ~ -2
11 r_,JJ/ ApVNTIKA UTtEPEALKQL
157 \\\\\\ ,-\'7"’_} (6e€looTtpodn)
Y

(D) Lk=23,Tw-~23 Wr-0
EKTUALYLEVOC KUKAOG
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(E) Lk =23, Tw ~ 25, Wr ~ -2
Negative superhelix
(right-handed)



1 5 10 15 20 25

1 I 1 1 I 1
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(G
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7 X
20{4/ 112 -5
g 3

(B) Lk =25, Tw = 25, Wr
Relaxed Circle
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< Linear DNA unwound by two right-hand turns :

©
23 1
ra'“ac<> h
20\/;’ 112 4 2
OO oo 2oAQ\./
i ’% Y Y
g = 4 £ A 3
Zzl /// ] L,\,\, Sood oo
Y 25 8 16
15 l\\'\-\.\,—\.—\, '0?550" ® k= 3%%‘%:;;5“2!’}'5?'& -2
10 right-hande

(D) Lk=23,Tw-23 Wr-0
Unwound Circle
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Tontoicopepaon tunouv li

@ DNA yupaon

@ KoBel kot toug SU0 KAWVOUC Ka
ELOAYEL OLPVNTLKEC UTIEPEALKWOELC
(ne katavaAwon ATP)




TOMOICOUEPAOTEC




2XNHUOTLKA OVAIopAoTaon TWV YEYOVOTWY
o€ pa dSiyaAa avtiypoadng

AT

DNA Pol

DNA Pol

MponyoUuevoq EKKLVNTRPAC

KaBuotepwv
KAWVO(G

NMOPEIA
ANTITPADHZ




H avtiypadn twv 6U0 KAwvwv

“N_ [pomnopeuduevoc matpLkog KAwvog, 3'-5
“N\_ KaBuoTtepwv MaTpKoc KAWvVOC, 5°-3"
“\_ Ouyatpwol KAwvol
N Exkkvnt¢ RNA



To oAoéviupo tnc MoAvpepaonc Il tou DNA, pol Il

DnaB

DoptwTtig
oAloBOaivovtog

oplyktipa

Mupnvag

Figure 28.22
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company






EAwkaon tov DNA



EAwkaon tov DNA

Jmol

Figure 28.11 Helicase structure. The structure of the hexameric helicase from bacteriophage T7.
One of the six subunits is shown in yellow with the P-loop NTPase shown in purple. The loops that
participate in DNA binding are highlighted by a yellow oval. Notice that each subunit interacts closely
with its neighbors and that the DNA-binding loops line the hole in the center of the structure. [Drawn
from 1EOK.pdb.]

http://bcs.whfreeman.com/berg7e/#644431 644713



H acOppetpn doun tng eAtkaonc tov DNA

Jmol

Figure 28.12 Helicase asymmetry. The structure of the T7 helicase complexes with the ATP analog
AMP-PNP is shown. The three classes of helicase subunits are shown in blue, red, and yellow. The
rotation relative to the plane of the hexamer is shown for each subunit. Notice that only four of the
subunits, those shown in blue and yellow, bind AMP-PNP. [Drawn from 1EOK.pdb.]
http://bcs.whfreeman.com/berg7e/#644431 644713



H acOppetpn doun tng eAtkaonc tov DNA




O punXaviopog tTng eAtkaonc tov DNA




O unNXaviopoc tng eAtkaonc tov DNA

Origin of replication

>

U




O oAwcOaivwv oplyktnpog

- \\* DNA-enclosing _¥;
\’{4 site
N

\

Mpokapuwtikoi: urtopovada 82 DNAP I

Figure 26.20 Eukapuwtikoi: PCNA, (rTrupnviko avtiyovo

Biochemistry, Seventh Edition

© 2012 W. H. Freeman and Company nOAAanAaO-LaZO”gVOU KUTTapOU’
proliferating cell nuclear antigen)



O ¢optwtic Tou oAloBaivovtoc oplyktipa

B)0n}



YIopovadec x Kat ¢,
AAANAenidpaon pe npwrtelvec SSB

. SSB: Single-stranded-binding protein, npwtelvn 8éopevonc povokAwvou DNA












O avtiypadikec moAupepacec tou DNA

Exonuclease



OwkoyEvelec moAvpepacwv DNA

Owoyévewa Tumnog noAvpepaonc DNA Eidoc* Napadsiypata
Avtiypadikn kat Emdlopbwtikny  E, I T7 moAupepaon, Pol I, y, ©

B Avtiypadikn kat Emdlopbwtiky E, I Pol Il, Pol B, Pol {, a, §, €

C Avtilypadlkni M Pol Il

D Avtilypadlkni Eupuapyotota EAAUTAC XapaKTNPLOMOG

X Avtiypadikn kot Emdlopbwtiky E Pol B, o, A, I,
TeAlkn petadopaon
de0&uvouKAEOTIOLWY

Y Avtiypadikn kot Emblopbwtiky  E, M Pol i, k, Pol IV, Pol V

RT Avtiypadikn kat EmiblopBwtiky  loi, Petpoioi, E Telopepaon, 16¢ Hnatitidoc B

* E, EuKkopuwTLKOoL opyaviopot. I, mpokapuwTLlkol opyavicpot



MoAvpepaoec tov DNA

Ovopaocio eviUpou Aewtoupyia Tayxvnta

MoAupEPACEG TPOKOLPUWTLKWV

MoAvpepadon | tou DNA ATIOLLAKPUVON EKKLVNTWV 15-20 nt/s
JUUIARPWON KEVWV 0 KaBuotepwv KAWVO

MoAvpepadon Il tou DNA EmibLopbwon tou DNA

MoAupepaon Il tou DNA To kUpLo €viuo olvBeong tou DNA ~1000 nt/s

MoAUVUEPACEG EUKOLPUWTLKWV

MoAupepdon a tou DNA MoAupepadon ekkivnong
Yriopovada ekKlvntaong JuvOETeL ekklvnTEC RNA
Movada rntoAupepdaonc DNA MPOOBETEL OTOU EKKLVNTEC TUAMATO
RKoug Tepimou 20 voukAeoTtidlwy
MoAvpepaon 6 tou DNA Emidopbwon DNA
(moAupepaon eMPPENNC OE
opaiparta)

MoAuvpepadon 6 tou DNA To kUplo €viupo ocuvBeonc tou DNA




PwododlectepkO deOUOC —
H aAvoida tou DNA avéavetat navra 5’ —3’

| Continues
7 © Lo I|3= @)
@)

s

Base

i

Ombn OB orEnOh
I

O OH OH

| ..
H,C’ o)

Base

3!

Growing
point —



:::: DNA polymerase

template
DNA strand

Molecular Cell Biology, 4" Edition



H5 dwodopikn opada Tovu VEOELOEPXOUEVOU
VOUKA€oTLOlov evwvetat pe tnv 3'-OH tou teAsutaiou

3!

aAvoida ekkivnong aAvcida ekkivnong
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g
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o
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Mnyxaviopoc tnc moAvpepaonc tou DNA

Primer

. . NTP
5" C -
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A \ o 8
)_.’.\ 4
J

=

I




MupnvodAn untokatdotaon S,1 kat S,2

R /“" © {/ET _\

R’ R'
Ilf’ - Nu, \ ’_f;_'_p\ Nu(;;
RQ,.:-"'. Nu 1 k1 -k@) - Rznl"".. NU pA Kol NUT<"”|R2

S 1 POKEULKO piyua
N
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— O
R R o
®/”'__—‘““=x. ks ©
Nuz + R2|| " Nul Nuz ------- ::__- ------- - Nul —_— NUZ """"" |R2 + Nu]_
B - AvTioTpOQ1

kata Walden
S\ 2



MupnvodAn untokatdotaon S,1 kat S,2

R RY B3 R3 R
S 1 POKEULKO piyua
N
-+
_ —©
. R R R’
y ©
Nul " 4 RN NUF — e | Ny A -NuF | —— Nu—- R2 + INUF
RZ‘..-- = R | y
R3 R R3 R’
- - Avtiotpopn

kata Walden
S\ 2



Mnxowviopoc tnc DNA moAupepaonc

X i X t x
I\ §— |5+ §— /
Nu Y\\‘-IC—L — Nu"""Ci- \I: — Nu—C\-,,,Y
Z Yz 7 Z
S\2
MupnvodlAn untokortaoctoon
Avtiotpon kata Walden
0 i )l( 1+ X
S\ _ _
O 0 u P—O0 —m1 NUEE"" 8_-*-___|_6 Nu—C.,”Y
1° AN \
0 i Y (< 1 Z




Mati eival onpavtiko mwc n aviidpaon mov
kataAUeL n DNAP pol yivetat pe To pnxaviouo S,2

B B

tight binding weak binding

Av ywortav ue tov S,1, n DNA pol Sa énpene va avayvwpilel tavtoxpova 6U0 SLaUOPPWOELS



Mnxowviopoc tnc DNA moAupepaonc




Mnxoviopog tng avlpwmivnc DNA Pol k
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Lior-Hoffmann et al., Nucl. Acids Res. 2012



Mnxoviopog tng avlpwmivnc DNA Pol k

‘\ -\

Lior-Hoffmann et al., Nucl. Acids Res. 2012



Mnxoviopog tng avlpwmivnc DNA Pol k

r,UL N T Stable Intermediate @)
] NPT |
s =y 5 |

Lior-Hoffmann et al., Nucl. Acids Res. 2012



Mnxoviopog tng avlpwmivnc DNA Pol k

o
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Mnxoviopog tng avlpwmivnc DNA Pol k

N Leaving Pyrophqspl;gt\e froduct (P)
“ r L /
: :l I:

Lior-Hoffmann et al., Nucl. Acids Res. 2012



Mnxaviopog tng avlpwrnivnc DNA Pol k

http://nar.oxfordjournals.org/content/suppl/2012/06/29/gks653.DC1/Movie S1 Step 1.mp4

http://nar.oxfordjournals.org/content/suppl/2012/06/29/gks653.DC1/Movie_S2_Step_2.mp4

http://nar.oxfordjournals.org/content/suppl/2012/06/29/gks653.DC1/Movie_S3_BP.mp4

Lior-Hoffmann et al., Nucl. Acids Res. 2012



EmiAoyn HEOCW OXAOTOC
H O&éopeuvon evog veoewoepxopevou NTP oto €viupo, emadyst oAAayn otnv
SLapopdwon Tou SNULOUPYWVTOC Lol EC0XN VLo TO VEO (VYOG PACEWV.

Teétowa aAAayny Stapopdwong eival duvatry povo otav to véo {euyog mou Ba
OXNUOTLOOEL Umopel va TaLPLAEEL OTEPEOXNMULKA




H pol | £xew moAA€C dpaoeLg

H pol | €xeL 6pdon
@ noAvpepaonc Ko
@ 3’-5’ eEwvoukAeoAutikng dpaonc (Bpavoua Klenow)
@ 5’-3’ eEwvoukAeoAuTtikn dpaon

H teAevutaia dpdon eival umtevBuvn Kuplwg
ylol TNV amopakpuvon AavBaouEvwyv PAacewy

A, 5
KAwvog '
EKpOyYEiO | e Metadopd oTo KEVTPO
. €EWVOUKAEOAUTIKNC
dpaoTikoTNTOG
’ Meragopa >
KAwvog eSwvoukAe
EKHAyEio SpUCTIKOTK

Evepyo kévtpo
£EWVOUKAEOAUTIKAG
SpaoTLKOTNTAG



Avayvwon kot 8t10pbwon

Migration to

Template exonuclease site

strand

Exonuclease
active site

H DNA ntoAupepaon | €xel SpAceLc:

1.NoAuvpepaong

2.3’-5" eEwvoukAeoAutikng 6paonc (Klenow fragment), kat
3.5’-3’" eEwvoukAeoAuTtikn dpaonc

H meploxn autn eival umeBuUvVN KUPLWCE yLa artopdkpuvon AavBaouevwy PAcEwy



Avayvwon kot 8t10pbwon
nw¢ avtiAaubBavetat to Evivuo ta Aadn;

PARN

Cleavage

1. Meyebocg Kal oXNUO VEOELOEPXOUEVWY VOUKAEOTLOLWVY
2. Artaiplaoto (euyapwpa
3.  Awdopetikn aAAnAenibpaon LE TO EKUOYELO

H amopdakpuvon ival evepyelaka oAvEEOON,
OAAQ BEATLWVEL ONUOVTLKA TNV TTOLOTNTA TWV VEOOUVTIOELEVWY AV CLOWV






H avtiypadn twv 6U0 KAwvwv

“N_ [pomnopeuduevoc matpLkog KAwvog, 3'-5
“N\_ KaBuoTtepwv MaTpKoc KAWvVOC, 5°-3"
“\_ Ouyatpwol KAwvol
N Exkkvnt¢ RNA



EmupRkuvon tnc aviypadng

3
ERRRRARARARARARARENE parental duplex
ANENNANANRN NN / 5
5' leading strand —>

3' lagging strand «—

(EEETTETERErEr et 3
5"

Molecular Cell Biology, 4" Edition



H ouvdeon twv tunpatwyv Okazaki:
Avtiépaon kat pnxaviopoc dpaonc tng DNA Awyaong

(NMN)
Baon (NAD")

aoc
paen -9 9 é ATP AMP paan o
o) \'/ P
7"~o /o
OH + O
Atvacn DNA
0
O M

E + ATP (or NADY) —— E-AMP + PP; (1 NMN)

Baon

E-AMP + (P)—5'-DNA —— E + AMP—(P)—5"-DNA

DNA-3-OH + AMP—(P)—5'-DNA —— DNA-3'-0—(P)—5'-DNA + AMP

DNA-3'-OH + (P)—5-DNA + ATP (4 NAD*) ——= DNA-3-0—P)—5'-DNA + AMP + PP; (4 NMN)



H DNA Alyaon EVWVEL TA YELTOVIKA VOUKAEOTIOLO O€

TLEPLITTWON TTOVU UTIAPXEL EYKOTN



H Avtiypadn tou DNA

o BioFlix
<~ DNA Replication

-

S

0

L
PEARSON
e —,
Berjamin
Cammings

© 2008 Pearson Education, Inc

http://www.youtube.com/watch?v=0nuspQG0Jd0



H avtiypadn twv Vo KAwvwv
o€ (oxedov) mpaypoTIKO XPOVO




H avtiypadn twv Vo KAwvwv —
TO LLOVTEAO TOU «TPOMTTOVIOU»




O puBpuoc aviypadnc twv moAvpepacwyv tov DNA
kat N ¢aon tnc aviypadnc

Fovibilwpa E. Coli ~ 4.6 ekatopplpla evyn Baocewv (base pairs, bp).
Avtiypadetal o€ < 40 min. Start
e
Apa:
gvowpotwvovtal ~ 2000 voukAgotidiay/s.
OAloBaivouv ~ 100 Bripata SikAwvNG EALKOC/S,
&nA. 3400 A f; 0.34nm/s.

Mitosis
begins



PuBuoi AaBwyv kata Tnv avTiypaen

Replication error rates.

Base Substitution Error Rates

A-, B-, C- Pols, RT -
A*, B, C* Pols < - » Y- Pols

Replic. Complexes X- Pols
................ - & >

I I I I I I I I
108 107 106 105 104 103 102 101
A", BY, C* Pols >
A-, B, C- Pols, RT -
< >
X~ Pols
Y- Pols

Single Base Deletion Error Rates

Kunkel T A J. Biol. Chem. 2004;279:16895-16898

1
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Ou avtypadikec moAvupepaceg tou DNA

E€atpetika vpnAn

 KataAutikn Loxug
*  Motétnta
 EnefepyaoctikoTnia



Eneéepyaotiko EvIupo — EmpeEPLOTIKO EVIVMO
Processivity — Distributivity

Ene€epyaotiko Eviupo (processive enzyme)
_KATOAUEL CUVEXOUEVEC AVTLOPAOELC
eTLUNKUVONC (Tt.X. ToAupEepaon)
N mePnc (m.x. e€wpLBovoukAedoeg)
XWPLC va areAeUBEPWVEL TO UTIOOTPWHLA TOU (TT.X. TO VOUKAEIKO 0€V)

Emupeplotiko eviupo
areAeuBOEPWVEL TO UTTOOTPWLA TOU
HLETAEL HLAdOXIKWVY KATOAAUTIKWY PNUATWY
(tou umopetl va yivovtal o€ SLapoPETIKA UTTOCTPWHOTA).

OL dlepyaoiec ovopalovtal avtiotolya,
Eneepyaoipotnta — Processivity kat
Empeplotikotnta (Atavepntikotnta) - Distributivity



Eneéepyaotikec vs EMLUEPLOTIKEG EEWPLBOVOUKAEAOEC

A

(a) ®S'\ (b)

S
/L

S
re)

(d) S\ ©)

P
* 7

TiBS

Symmons et al. 2002, TiBS



EneéepyaoTIKEC VS ETILUEPLOTIKEG TOAUUEPACEC

©

4 882
oo, T goB888
88885858

@

Processive enzyme with
extended binding site

Polymer products of
varying lengths

$
§ L o888888e

ﬂ, 83888888
88888888

Distributive variant with

Polymer products of
restricted binding site 4 A

more uniform lengths

Colley et al. 2014, Nat Chem Biol



O oAwcOaivwv oplyktnpac mpoodidel Tnv emetepyactikoTnTA
0to OAOEVIUMO TNC oAV EpAcnC Tovu DNA

Mpokapuwtikoi: urtopovada 82 DNAP I

Figure 28.20 Eukapuwtikoi: PCNA, (rTrupnviko avtiyovo

Biochemistry, Seventh Edition

R eemensedl Sxpany rtoAdartAaoctalouevou KUTTAPOU,
proliferating cell nuclear antigen)



The Nobel Prize in Physiology or Medicine 1959

"for their discovery of the mechanisms in the biological synthesis of
ribonucleic acid and deoxyribonucleic acid"

.

_

Severo Ochoa Arthur Kornberg

1/2 of the prize 1/2 of the prize

USA USA

New York University, Stanford University Stanford,
College of Medicine New York, NY, USA CA, USA

b. 1905 (in Luarca, Spain) d. 1993 b. 1918 d. 2007



Enzymatic Synthesis of Deoxyribonucleic Acid. I. Preparation of Substrates and
Partial Purification of an Enzyme from Escherichia coli
Lehman, I. R., Bessman, M. J., Simms, E. S., and Kornberg, A.

J. Biol. Chem.(1958) 233, 163-170)

Enzymatic Synthesis of Deoxyribonucleic Acid. II. General Properties of the

Reaction
Bessman, M. J., Lehman, I. R., Simms, E. S., and Kornberg, A.

J. Biol. Chem.(1958) 233, 171-177)



TEPUATIOUOC TNC avTlypodnC



TeEPUATIOUOG TNG avTilypadnig

@ Aev UTTAPYEL CUYKEKPLUEVN OTPATNYLKN

@ O TepUATIONOC TNGC avTlypadnC EVOC KUKALKOU XPWHUOOCWUOTOC
TEAELWVEL pE SLAPOPETIKO TPOTIO AT EVal ELBUYPAULLO



TEPUATIOMOC TNC avTypadnC
KUKALKOU popiou DNA



TeEPUATIONOC TNG aviypadnc KUKALkou DNA

® Me ouvavtnon Twv 6UV0 PEMALCWUATWY TIOU EEKLVOUV aTTO
TNV epLloxn evapén pe avtibBetec popec.

@ Otav ta penAlowpata GTACOUV OE pia TtEpLoXn
TEPUOTIOMOU (TTou amoTteAEiTAL OTTO CUYKEKTPLUEVEC
aAAnAovyiec voukAeoTtdiwv)



O TEPUATIOUOC TNG aVTLYPadNC OTOUC
EUKOPUWTLKOUC OPYOVIOMOUC



To nMPOBANHA TOU TEPHATIOMOU TNC avTLypad NG OTOUC
EUKOAPUWTLKOUC OPYAVIOHOUC

@ Otav oAokAnpwOel n olvBeon Tou KAWVOU TTOU Ttponyeital
(kAwvocg 5" — 3’) dev pmopet va oAokAnpwOet
n ocuvBeon tou kabuotepwvtoc KAwvou (3’ — 5')

@ Avuto ylati 6ev Ba urtapyet DNA va AettoupynoEL WG
eKpayeilov yla tn cuvBeon tou RNA-gkKklvnTRpa

yla tTn cuvBeon tou teAeutaiov tepaxiov Okazaki

@ H AUon tou mpoBAnpatoc eival Ta TEAOLEPN



TeAopepn

@ AvaAuon kat HeAETN TNG aAANAOUXLOC TWV AKPWY TWV
XpwHoowHATWY (TeAouepn).

@ Amnotelouvtal amno enavalappPovopeves aAAnAouxieg
gEavoukAeotdiwy (otov avBpwmo: AGGGTT)

@ Evoc amno touc 6Uo kKAwvouc eival mhovoloc o G

@ Ta telopepn aviypadovtal arnod to EVIULO TEAOUEPAON



MPOTELVOUEVO HOVTENOD YA TO TEAOMEPN

Eva Tunpa tou KAwvou mAoUolou o€ G poeEEXEL amO TO AKPO TOU TEAOLEPOUC.
H povokAwvn autn reploxn dtetoduel otn SikAwvn mepLloxn.
xnuatiletal €totl pa SikAwvn BnAeLa.



TeAopepaon
® H teldopepadon eival pia moAvpepaon nou pEPeL To OLKO
NG ekpayeio RNA

@ Elval pa e€eldikevpevn avtiotpodn petaypoadaon

Tehopepaon
Ekpayeio RNA

DNA

NoukAegotidlo



ZXNUOTLOMOC TEAOUEPWV

TehopepéEg OH 3’
GGGTTG/’
5’ CCCCAA

a)\ouapaon
RNA

Erupunkuvon

GGG

G
GGGTT | I|| G ,
5/ CC CAl \OH3

k)

Metatormnion

/OH3

GGGTTGGGGTTS .

5 cCca
AAC i

-

OH 3
GGGTTGGGGTTG//

k)

Eruun Kuvon

TGGGTTGGGTTGGGGTT

GGGTTGGGGTT
5/ |||H \OHy

Metatomnion l

G/OH 3l

L



TeAouepn - TeEAopepaon

A N

| chromosome
: \ end:
leading telomere
strand
R

NA

FlIFEFEIRL
primer
I E R

Al N
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EEEER
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Molecular Cell Biology, 4" Edition
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ﬁi The Nobel Prize in Physiology or Medicine
2009

"for the discovery of how chromosomes are protected by telomeres and the enzyme
telomerase”

Elizabeth H. Blackburn

1/3 of the prize
USA

b. 1948

(in Hobart,
Tasmania, Australia)

Carol W. Greider
1/3 of the prize

USA
b. 1961

nobelprize.org

-
A
\ (
Jack W. Szostak

1/3 of the prize
USA

b. 1952

(in London,
United Kingdom)



NMAPAPTHMA 1

O pnxoaviopocg tnc avtiypodpng touv DNA



H avtiypadn tov DNA

Original parent molecule

A

First-generation daughter molecules



O pnxoviopac avtypadnc

Zuvtnpntikog, Conservative

Huwouvtnpntikog, Semiconservative

Awayutog, Dispersive




2 NMOVTLKA TEXVOAOYLKA EMTEVYHOTA TNC Bloxnueiag

Puyokévipnon Baduidwong nukvotntac, Density gradient centrifugation

mm+— Sample

+—\/esicles
Solvent: ' .
H,0 plus Centrifugation +— Lysosomes
2 .
Sucrose or CsCl ¥ +— Peroxisomes
+«— Nuclei
Before After

http://bio.winona.edu/berg/ILLUST/gradient.jpg




Increasing density of

sucrose (g/cm?)

centrifugation

2 NMOVTLKA TEXVOAOYLKA EMTEVYHOTA TNC Bloxnueiag

Puyokévipnon BadBuidwong toopponiac, Equilibrium density centrifugation

<

Before

Organelle —

fraction -

Lysosomes
(1.12 g/em3) \

Mitochondria —
(1.18 g/cm?)

Peroxisomes
(1.23 g/cm?)

After
centrifugation

EQUILIBRIUM SEDIMENTATION

The ultracentrifuge can also be used to separate
cellular components on the basis of their
buoyant density, independently of their

size or shape. The sample is usually either
layered on top of, or dispersed within, a

steep density gradient that contains a

very high concentration of sucrose or cesium
chloride. Each subcellular component will
move up or down when centrifuged until it
reaches a position where its density matches
its surroundings and then will move no further,
A series of distinct bands will eventually be
produced, with those nearest the bottom of the
tube containing the components of highest
buoyant density. The method is also called
density gradient centrifugation.
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(b)
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—+- 5% sucrose
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JINA molecules 9 e :
Medi : GC-rich DNA molecules
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N
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CsCl density gradient column illuminated with UV light after ultra
centrifugation for two days. The bright band fluorescing in the column is
plasmid DNA that will be used to create a site directed mutationin a
bacterium allowing us to study its pathogenesis.
http://www.mbi.ucla.edu/IDP/Kaplanimagel.htm
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O pnxoviopac avtypadnc

Zuvtnpntikog, Conservative

Huwouvtnpntikog, Semiconservative

Awayutog, Dispersive




Proc, N, A8, Vou 44, 1958 BIOLOGY: MESELSON AND STAHL

THE REPLICATION OF DNA IN ESCHERICHIA COLI*
By MATTHEW MESELSON AND FRANKLIN W. StanL

GATES AND CRELLIN LABORATORIES OF mmt,? AND NORMAN W. CHUNRCHM LABORATORY OF
CHEMICAL BIOLOGY, CALIYORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIFORNIA
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Avtiypadn: O nUouVTNPENTKOC pnxavaoq

fevia > 0 > 1 > 2 > 4

E. coli kaAALepyeital
YLOL LEPLKEG VEVLEG
O€E UALKO ME ISNl

EkxUALon ko puyokévipnon DNA

| ]

Mukvotnta
pHopilwv
DNA

HETA TN
duyoké-
vipnon

fevia 0



Avtiypadn: O nULGUVINPENTIKOC KNXOVIOMOC

Mukvotnta popiwv DNA
HETA TN PUYOoKEVTIPNON

Mukvatnta popiwv DNA
HETA TN PUYOoKEVTIPNON

fevida O 1 1.9 3 4.1

b. TR
[“ L "' i v

O,

«EAappU» \ |

«EvSLapeco» —>—| i i—li | A e —
«Bapu» / '

«Ehapi» (pe 1*N) |
«EvSiapeco» (e 19N/15N) =

«Bapv» (ue *N) [

fevia 0 1 2 3 4



Avixveuon Tou nueuvTnENTIKoU punXaviopou aviypodng o E.coli pe puyokévipnon
BaOuidwong nukvatntag

(A) (r) Generation
e,
__jL~ 0.3
N
J\___ 1.0
(B) 1.1
,_._/\A,_/ 1.5
Y A
14N ]5N ‘/\\__, 3.0
I N
,JV\\,/ 0and 1.9
ALoxwpLopog m":d
14N DNA ko SN DNA - I Ju omda
(A) Artoppodnon UV H 6€on tnc¢ {wvng DNA s€aptatal ano tnv
dUYOKEVTPLKOU CWARVa TEPLEKTLKOTNTA TNG o€ 4N kat °N

Meselson M, Stahl FW. PNAS 1958, 44: 671



Predicted results Actual results

Conservative model Semiconservative model
Farentstrands
synthesized
in **N
Light _____ Heavy
One band dne band: |
H-H H-H L8
H-H
H H HH

strand —
LL L H H L

New strands

Second doubling
in “N
Two dands: Two bands:
H-H « L-L H-L « L-L
-L H-L

HHELL LLLL HLLL #1LLL

First doubling
in "N
Two bands: dne band:
' H-H + L-L . H-L {hydrid)

old

strand

New ) =L

H H

Figure 12.1
Experimental cemonstration oy Meselson and S1ahl that DNA replication Is semiconservative. After several generations of growth In 2

medium containing “heavy” (**N) nitrogen, £. col were transferred to 2 medium contalning the normal "lignt” Isotope {**N). Samplss
were removed from the cultures periocically and analyzed by equilibrium gensity-gradient centrifugztion in CsCl, to separate heavy-heavy
|H-H}. light-kght (L-L), and heavy-kght (H-L| duplexes into cistinct bands. The actuzl bancing patterns observed were consistent with

the semiconservative mechanism. [From H. Lodish et al., 1985, Molecuiar Celf Biolagy, 3rd ed. W. H. Freeman and Company. See

M. Meselson and W. F. Stahl, 1958, Proc. NatT Acad. Scl. USA 44:671; pnotographs courtesy of M. Meselson.)



O punxaviopoc aviypadnc eival NULOUVTINPNTIKOC

ApPXLKO YOVLKO LOPLO

BuyatpLka popLa
1S yeviag

Buyatplkd popLa
25 YEVLALC







MAPAPTHMA 2

BAaBec ko
emdL0pOwon tov DNA



PuBuoi AaBwyv kata Tnv avTiypaen

Replication error rates.

Base Substitution Error Rates

A-, B-, C- Pols, RT -
A*, B, C* Pols < - » Y- Pols

Replic. Complexes X- Pols
................ - & >

I I I I I I I I
108 107 106 105 104 103 102 101
A", BY, C* Pols >
A-, B, C- Pols, RT -
< >
X~ Pols
Y- Pols

Single Base Deletion Error Rates

Kunkel T A J. Biol. Chem. 2004;279:16895-16898
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TOmot petaAAasewv

A - > C

A 7}

¢l %

€———> Metantwon (transition)

Sy METAOTPODN (transversion)



TOmot petaAAasewv

NH, NH,
N
N~% . N3A‘ 5
A \\1 5‘ 8\ b g )'2\
2 all o 1 6
X 3 N
N | O N
AN
Metantwon
(transition)
\ 4

o)

(0
CH
N/ N HNA 3
6 3 5
1°5 ‘ ) < >
G <3 4 9 8 M , 2 1 6
H,N T gtactpodn N

N .
(transversion)



MetaAAagelc: Avtikataotoon (eVyouc BAoCEWV

D E—

Metantwon
noupivn pe moupivn
nupLudivn pe mupudivn

A C
T C A G I [
T G

A C
Metaotpodn

noupivn pe mupLudivn
KoL avtiotpoda

>



Napadsiypa

5..-TAC:+-
cas ATGs =B

MUTATI owl.
replication

lA C TA TAC
TG AT ATG
@ {.l/ {]7 Transcription
AAC UAU UAC
Asparagine Tyrosine Tyrosine
codon codon codon

{L @ {L Translation
|t | ] | e || e |

Missense Nonsense Wild type

! Silent
mutation mutation mutation



TOmou petaAAaéewyv

ZNMUELOKEG LETOAAAEELG: avTikaTaoTaon pag Baong n evog {elyoug Bacswv



TOmou petaAAaéewyv

MetaAAaéelc oto enirtedo tou DNA

® Avukoatdaoctoon BAcEwv: Metantwon (transition mutation)
Metaotpodn (transversion mutation)
® Avukataotoon evo¢ (eUyouc Baocswv

MetaAAdEeLg oTo eninedo tnC mpwrtelivng

2LwnnA£g petaAlaéelc (Silent mutations) (AGG — CGG kot ta dUo yia Arg)
Ouvdetepec petaAhaderg (AAA-Lys oe AGA-Arg kat ta SUo Baolkd apvoéea)
Napavonuatikeg petaAAaderc (Missense mutations) StadopeTikd apvoéa

® ® ® &

Mn vonpatikég petaAdageic (Non sense mutations) teppatiopnoc (CAG-Gln oe
UAG)



TOmou petaAAaéewyv

MetaAAdéelc avayvwoTtikoU nediov (Frameshift mutations)
npooonkn n dwaypadn pac Baong n evog evyouc Bacewv.

0dényei og aAAayn TG avayvwonc tTwv mAnpodopLwv Mov KwdlkomoLouv
HLa mpwrtelvn

MetaAAaéerc Stayovidlakng mpoodnkneg N adaipeonc LeyadAwv THRatwyv DNA
Napadeypa: MetaBetd otoyeia, FEVETIKOG AVOOUVSUAGHOG



Napadeypa

Insertion [A T G[Cc C T|G|G T|T A T|G A
mutation T A c|G G A|C|C A|A T A|C T Aftered

reading
ﬁ Insertion frame
Normal |A T G|C C|T|G T T|A T G|A Normal
DNA [T A C[G GJA|C A AT A C|T [o2dng

frame

@ Deletion
T
A




MéEBodot emdLopBwonc twv petaAAasewv

1. AwpOwon pe arnokonn Baong
2. Amopakpuvon BAaBNg
3. Meta-avtiypadikn 610p0won

4. EmdopOwon pe avaocuvduaouo



EmidopOwon pe anokonn voukAeotidbiov
Nucleotide Excision Repair, NER

NoueroriSLolnou EXEL BAABN

T T Y
ALLLRLLELLIN

i

o

® \

2
eUvrA kat UvrB avixveuouv aAAayEg

otnv tplodlaotatn dour tou DNA

UvrA, UvrB, UvrC \I’
&
F

m
— [
— [

—_—— T
e i O
*H UvrA amopoakpUveTal
EAKG I l *OL UvrB kat UvrC cuvéeovtat oto DNA
( tkaon ) ; Kal To KOBouv ekatépwOev Tn¢ PAABNG
*H UvrD adatpet tn pia aAvocida

MELLLEELELLE BT

—l

*DNA Awydon
Pol |,
Awyaon DNAl
N EEEEEEEE T
MAILLERERREE,

5I

Me oUvOeon véou DNA



Base Excision Repair, BER

Adaipeon Baonc (BER)

1) DNA yAukoouldaon: adaipeon Paonc

2) AP evbovoukAeaon: KOBeL to okeAeTO Tou DNA

3) AeoéuplBodwododieoctepaon: adaipeon voukAeotidiou
4) DNA noAupepaon: Tomobetnon vEou VOUKAeOTLOLOU

5) DNA Awaon (beopaon)

Me ouvOeon véou DNA



DNA yAUKO{UAQLGEC

$dg g dg
ELJCECE J°8

MukoluAdon DNA

opaoikn O€on
(6€on AR)
\
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DNA koL U
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DNA koL U




DNA, U kot BER

(UDG)




