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[‘H.E importance of deoxyribonucleic acid (DNA) Until now, however, no evidence has been presented
within living cells is undisputed. It is found in to show how it might carry out the essential
1 dividing cells, largely if not entirely in the nucleus, operation required of a genetic material, that of
here it is an essential constituent of the chromo- exact selid plication.

ymes. Many lines of evidence indicate that it is the We have recently proposed a structure’ 10T the
srrier of & part of (if not all) the genetic specificity calt of deoxyribonucleic acid which, if correct,
f the chromosomes and thus of the gene itself. |immediately suggests a me‘c-hamn;: for its self-
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A replicacao do DNA €& semi-conservativa

O experimento que demonstrou que a replicacao do DNA é semi-
conservativa, em 1958, € considerado um dos mais elegantes da
historia: “Experimento de Meselson &Stahl”



https://www.youtube.com/watch?v=frQbfdRtzBM
https://www.youtube.com/watch?v=frQbfdRtzBM
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A quimica da replicacao: enzima e substratos

Em 1958, Arthur Kornberg revelou a
descoberta da DNA polimerase de E.col,
enzima que sintetiza DNA novo usando

uma das fitas como molde




As DNA polimerases:

-Sintetizam a fita no sentido 5'-3";

-Requerem um iniciador (primer) com 3’OH livre
-Utilizam como substrato dNTPs;

-Requerem uma fita molde.

-Requerem Mg2*como cofator.

dATP

dATP |

dGTP

JCTP dNTPs
dTTP

Mafalda, 45 vezes me pergunto:
Jual o sentide da vida?




Sintese de uma cadeia de DNA pela DNA polimerase

PRIMER
STRAND

iniciador

TEMPLATE
STRAND

Fita molde
Fosfatosy B «

pyrophosphate
OH

incoming deoxyribonucleoside triphosphate

O DNA é sintetizado
no sentido 5~—3’

Figure 5-3 Molecular Biology of the Cell 5/e (© Garland Science 2008)



A quimica da replicacao - a reagao e sua energética

) ——— Ligacdes de alta energia
S sdo quebradas

D, Watson, James, et al. Biologia Molecular do Gene. Grupo A,
2015. [USP Minha Bibliotecal.



Magnésio € necessario como um cofator para a DNA polimerase
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Atividades exonucleoliticas da DNA polimerase

Mismatched
bases

Atividade revisora
m da polimerase
pal G5' (proofreading)

1 ' remove nucleotideos

| ! ;,z mal pareados
3“._’-5' Qh 3!

hydrolysis site

5" — 3' Exonuclease
hydrolysis site

Presente apenas na DNApol |

Single-strand nick 3


https://www.youtube.com/watch?v=6O0qD6KCOVE

Envolvidas na replicacao do DNA

TABLE 25-1 Comparison of DNA Polymerases of E. coli
DNA polymerase

Structural gene” polA polB polC (dnaE)
Subunits (number of different types) 1 7 =10

M, 103,000 88,0007 791,500
3'—5" Exonuclease (proofreading) Yes Yes Yes
5'—3’ Exonuclease Yes No No
Polymerization rate (nucleotides/s) 16-20 40 250-1,000
Processivity (nucleotides added 3-200 1,500 =500,000

before polymerase dissociates)

“For enzymes with more than one subunit, the gene listed here encodes the subunit with polymerization activity. Note that dnaE
is an earlier designation for the gene now referred to as polC.

TPolymerization subunit only. DNA polymerase Il shares several subunits with DNA polymerase Ill, including the 8, v, 8, &/, ¥,
and ¢ subunits (see Table 25-2).



Como se inicia a replicacao do DNA nas células?

Origem de replicagdo  (Contém sequéncias ricas em AT)

double-
replication origin  helical
DNA
5 ' ' 3’
3’ 5’

double helix opened
with the aid of
initiator proteins

5’ 3’

single-stranded DNA templates
ready for DNA synthesis

Figure 6-5 Essential Cell Biology (© Garland Science 2010)



Replicagao do

Uma unica origem de replicagcao em E.coli DNA in vivo

ori ori € bidirecional

Initiator
®

%
% Binding Formation ol
of initiator two replication
protein torks

Varias origens de replicagao em eucariotos

ori ofi i

A B R B R R R R R R R R PR SRR DR O R

N Bolhas de
Initiaticn o . -
l replication / replicacao
.{:I:P“‘rﬂ‘:”cl CF | ——
L™ Tpett™
ol thesized Forks move in
N S TN SLL T ' . . . . ~
I};Ih}la'l. () opposle directions FOI’/(= forqu”ha de repllcagaO
™ xmwﬂ AINEROBGRENIY DDA

%¢@mﬂdﬁ5 Jﬂw\nwﬁ:"”ﬁ %mmw’“ﬁ‘



oriC DNA wraps Wrapping 2DnaB-DnaC | pading of

around DnaA denatures AT-rich 538 4 complexes  DnaB helicase
complex regions of oriC
ex. E.coli
— y-
2 DnaC
complexes

Origin

Helicase 1

Created with BioRender.com



A estrutura da helicase

(B) (C)

Figure 5-15 Molecular Biology of the Cell 5/e (© Garland Science 2008)


https://www.youtube.com/watch?v=n6lAvjqby_4

A polaridade da sintese de DNA cria um problema para a replicacao
Como replicar as duas fitas

o°
Parental DNA duplex
5!
3!
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Direction of fork f
movement

5!



O processo de replicacao € semi-descontinuo

Primase
sintetiza primers
Leading strand de RNA

(fita continua)

Parental DMNA duplex

5 DNA pol 1lI
3’ extende os
5’ - primers
3 o \ Short RNA primer sintetizando a

i nova fita de
Direction of fork \ Okazaki fragment DNA
movement
Lagging strand
(fita descontinua)
— Point of joining

3’
EI




Sintese da fita descontinua (continuagéo)

5 T
Okazaki fragment

New DNA

Remocao dos 5 RNAs

ﬁ—: » (primers) pela DNA pol |

5' (com sua atividade
==== exonucleolitica 5’-3’) e
l preenchimento da lacuna DNA ligase l

Ligacao covalente dos

/ = fragmentos adjacentes
f 3 pela DNAligase
Ligation

DNA ligase forma uma
ligacéo fosfodiéster
entre as duas fitas de
DNA



https://www.youtube.com/watch?v
=TNKWgcFPHqw



Maquinaria de replicacao: proteinas envolvidas

na replicacao

Principais componentes:

 Helicase (abertura da dupla fita)

* Proteinas ligantes de DNA fita simples
(single stranded DNA binding protein, SSB)
* DNA polimerase replicativa (Pol Ill)

* DNA polimerase | (Pol I)

* Primase (sintese do primer de RNA)

« Sliding clamp (grampo deslizante,
subunidades f3)

» Topoisomerase (que desfaz a tenséo do

superenrolamento)



O grampo deslizante (subunidades beta) tem como funcao
conferir processividade a DNA polimerase

DNA polimerase 11l apresenta maior processividade
(capacidade de ficar ligada ao DNA)

5 I
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two halves of
sliding clarmp
clamp loader w

[ao] « @)

5

subunidades
da DNA pol III

Processividade: quanto tempo a enzima
fica associada ao seu molde antes que
se solte espontaneamente

~500.000 nt por “corrida” para a Pol Il

W
clamped polymerass



Proteinas na forquilha de replicacao de E.coli

strand sliding clamp

template 2\ },\’\

newly synthesized
strand

RNA primer , \ DNA helicase

new Okazaki fragment / ,, DNA primase

\\;4" next Okazaki fragment
b will start here
lagging-strand

template single-strand DNA-
binding protein

leading- /’\,\-’\.,\

DNA polymerase on
leading strand

parental
DNA helix

DNA polymerase on lagging strand
(just finishing an Okazaki fragment)



A forquilha de replicacao em movimento

leading- newly
strand synthesized
template strand DNA polymerase on MOdeIO dO trOm bOne

leading strand ‘?;f)

. DNA primase /
parental :

sliding clamp DNA helix

and clamp loader

single-strand DNA-

binding protein o = DNA helicase

lagging-strand
template

DNA polymerase

primer . onlagging strand newly
new Okazaki (just finishing an synthesized
fragment Okazaki fragment) strand

Figure 5-19a Molecular Biology of the Cell 5/e (© Garland Science 2008)


https://app.jove.com/es/science-education/v/11552/the-replisome
https://app.jove.com/es/science-education/v/11552/the-replisome

Superenrolamento para anular a tensdo criada
pela abertura da hélice




Tipo |

Podem relaxar super espiralamentos no
DNA, remover emaranhados de DNA


https://app.jove.com/embed/player?id=11554&t=1&s=1&fpv=1
https://app.jove.com/embed/player?id=11554&t=1&s=1&fpv=1

A cada ciclo de replicacao ocorre encurtamento do cromossomo

‘End-replication problem’

A remocao dos primers causa
encurtamento das fitas filhas!!!

Primeira geracdo
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Telomerase: adiciona os teldbmeros

parental strand
/

3!
| R TTGGGGTTGGGGTTGGGGTTG
I AACCCC A, : g
5/ incomplete, newly synthesized lagging strand
TELOMERASE
BINDS y
TTGGGGTTGGGGTTGGGGTTG direction of
Aacccc laccccaac m) telomere
TELOMERASE Eynthesis
EXTENDS 3’ END telomerase with bound RNA template
(RNA-templated
DNA synthesis) i
J L TTGGGGTTGGGGTTGGGGTTGEGGTTGGGGTTG
1 F¥Nelelels ACCCCAAC
5’ N
COMPLETION OF
LAGGING STRAND
BY DNA POLYMERASE
(DNA-templated
DNA synthesis) ¥

3.!'
L TTGGGGTTGGGGEGTTGGGGTTGGGGEGTTGGGGTTG
BB AACCCC , CCCAACCcCCAACCCC

5 r
DNA
polymerase

Figure 5-41 Molecular Biology of the Cell 5/e (© Garland Science 2008)


https://www.youtube.com/watch?v=2NS0jBPurWQ

Telomeric DNA in humans

telomeres
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Teldmeros

Sequéncias repetidas nas extremidades
dos cromossomos eucarioticos

Marcacao fluorescente de Telémeros

azul: DNA
amarelo: TTAGGG (repeticédo telomérica)



Sucessivos eventos de replicacao - teldbmeros diminuem seu

tamanho - células entram em senescéncia celular replicativa

ivisoes

D
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© Prémio Nobel em Fisiologia ou Medicina, 2009,
= pela descoberta de como 0s cromossomos sao
— protegidos pelos teldmeros e pela telomerase
()}
o

Elizabeth H. Blackburn Carol W. Greider Jack W. Szostak

Limite de Hayflick

Limite no numero de vezes que as ceélulas mitoticas
podem se dividir, que se correlaciona com o tamanho dos
teldbmeros.
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