La replicacion del ADN...

Qué es???
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La replicacion del ADN es bhidireccional y
semi-conservative

(Como lo demostraron?




Semiconservativa???

a) Semiconservative model
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c) Dispersive model
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La replicacion del ADN...

Como toda polimerizacion
3 etapas
iniciacion
elongacion

Terminacion



XTP + (XMP), — (XMP),,, + @ ~Q




DNA Polymerases Use a Single Active Site to Catalyze
DNA Synthesis
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La sintesis requiere de 1ones metalicos
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DNA polymerase releases
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La procesividad de la DNA polimerasa es
incrementada por un “clamp” del dimero de la
subunidad 3

Nucleotide Direction
being added of synthesis

to 3' end 7
\
v O

B-subunit
clamp

Core of DNA

polymerase Il
Newly formed

DNA strand

Template DNA
strand

(b)



Se requiere de una proteina
para “cargar” el clamp

two halves of
sliding clamp
chmp loader

damped polymerasa
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sliding clamp

RNA primer ~DNA polymerasa

Okazaki fragment

g

g

lagaing-strand
DNA templata
clamp loader

SYNTHESIS OF OKAZAKI FRAGMENT

STALLUNG OF DNA POLYMERASE

TRIGGERS ITS RELEASE FROM CLAMP
5' -3f 5’ _3
3 5

NEXT RNA PRIMER

J WITH POLYMERASE AT
.

WV
NEW CLAMP ASSEMBLED

5'__3"

previously synthesized

Figure 5-20 A cycle of loading and
unloading of DNA polymerase and
the clamp protein on the lagging
strand. The association of the clamp
loader with the lagging-strand polymerase
shown here is for illustrative purposes
only; in reality, the clamp loader is carried
along with the replication fork in a
complex that includes both the leading-
strand and lagging-strand DINA
polymerases (see Figure 5-22).



Exonucleases Proofread Newly Synthesized DNA

b removal of mismatched nudeotdes € resume DNA synthesis

t e
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Para copiar el ADN la DNA polimerasa debe
superar varios “problemas”

Las DNA polimerasas son incapaces de separar las cadenas
de la doble hebra de ADN para exponer las cadenas a ser
copiadas

Todas las DNA polimerasas conocidas soélo pueden elongar
una cadena preexistente de ADN o ARN, son incapaces de
iniciar cadenas

Las dos cadenas son antiparalelas, pero todas las DNA
polimerasas catalizan la incorporacion de nticleotidos al
extremo 3’-hydroxilo de la cadena en crecimiento, por lo
tanto solo pueden crecer en la direccion 5'---->3'



MECHANISM OF DNA CHAIN GROWTH, 1. POSSIBLE
DISC’ONTINUI’[ Y AND UNUSUAL SECONDARY STRUCTURE OF
NEWLY SYNTHESIZED CHAINS

By REnr Okazakr, Tuneko Okazaki, Kiwako SAKABE, KAZUNORI SUGIMOTO,
AND AKTO SUGINO

INSTITUTE OF MOLECULAR BIOLOGY AND DEPARTMENT OF CHEMISTRY,
FACULTY OF SCIENCE, NAGOYA UNIVERSITY, NAGOYA, JAPAN

Communicated by Rollin D. Hotchkiss, December 1/, 1967
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En la horquilla, una cadena es sintetizada en
forma discontinua a partir de multiples
cebadores

(a) Growing fork
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Dos horquillas de replicacion moviéndose en
direccion opuesta

Growing fork

~davll

Lagging strand

' Leading strand
ig 5
3

Movement of
growing fork

Old strands

replication
forks
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Sintesis de la cadena retrasada

(“lagging strand”)

3 5 Old strand

RNA oligonucleotides (primer)
_ copied from DNA

Old DNA : 5,
$ 5' g3’

2 * 3 2, | DNA polymerase lll elongates
RNA primer | RNA primers with new DNA

N

ﬂ
5' W ?;>

New DNA Okazaki fragment

DNA polymerase | removes 5' RNA at
| end of neighboring fragment and fills gap

il Jy DNA ligase joins adjacent fragments

—
Ligation
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Figure 12-9b



La primasa es una RNA
polimerasa

T

FHO

5’ u 3

RNA primer DNA primase
3’'HO 5

5’ | | 3

Figure 5-12 RNA primer synthesis.

A schematic view of the reaction catalyzed
by DNA primase, the enzyme that
synthesizes the short RNA primers made
on the lagging strand using DNA as a
template. Unlike DNA polymerase, this
enzyme can start a new polynucleotide
chain by joining two nucleoside
triphosphates together. The primase
synthesizes a short polynuclectide in the
5-to-3’ direction and then stops, making
the 3’ end of this primer available for the
DNA polymerase.
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RNAse H RNA Primers Must Be Removed
v ' to Complete DNA Replication
o 1L L =
=Y > - S
15 exonuclease
= T
primer:template
junction
lDNApdymerasa
3" R _
DNA ligase
v
5 Y 3’
3 | TITTTTIT .
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La helicasa

(A)

(C)

(B)



DNA Helicases Unwind the Double Helix in Advance
of the Replication Fork
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SB proteins
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Los fragmentos de la cadena retrasada deben ser
ligados para crear una cadena continua de DNA

(c) Ligase reaction o

|
DNAstrand|[—3'—OH + O—P—0—5'—{DNA strand

|
0

ATP (or NAD*) + Enz

|

PP, + AMP-Enz (or NMN-Enz)

Overall -,
reaction +® ° DNA
V p—
Enz AMP —(P)—5— DNA
+ DNA 3'—0OH
A4
v I
DNA 3'—0 F|> O—5' DNA |+ AMP
@]



La replicacion comienza en sitios especificos
del cromosoma denominados
Origen de replicacion

Secuencia consenso minima del origen de replicacion bacteriano

1 1317 29 32 44

5 |[GATCTNTTTATTT GATCTNTTNTATT |GATCTCTTATTAG—
3" [CTAGANAAATAAA H CTAGANAANATAA | CTAGAGAATAATC |-

58 66

- /
7/
/1
7/

166 174 201 209 240 248
3!
5!

Tandem array Binding sites for dnaA protein
of 13-mer sequences / l

(AT rich)

[ <] =] <] [>]

Los origenes de replicacion son: (1) segmentos unicos de ADN con multiples
repeticiones cortas, (2) reconocidas por proteinas de uniéon al origen
multiméricas, y (3) usualmente contienen una secuencia rica en A-T



replication
origin

9.

replication
bagins

replication
completad
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2 circular daughter DNA molaecules

R .

fully
methylated hamimethylated origins are
origin resistant to initiation

—-
initiation occurs if sufficient
resources are available to complete
a round of DNA replication

77N
g\

origins bacome fully

mathylated, making them
again competant for initiation

Figure 5-32 Methylation of the E. coli
replication origin creates a
refractory period for DNA initiation.
DNA methylation occurs at GATC
sequences, || of which are found in the
origin of replication (spanning about

250 nucleotide pairs). About |0 minutes
after replication is initiated, the
hemimethylated origins become fully
methylated by a DNA methylase enzyme.
As discussed earlier, the lag in methylation
after the replication of GAT C sequences



La proteina DnaA inicia la replicacion en
E. coli

/611,5 DnaC
ﬁg DnaB
(helicase)
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Initial
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DNA polimerasas de E. coli

LIRSl Properties of DNA Polymerases

k. coli | 11 1]
Polymerization: 5" — 3’ ¢ f
Exonuclease acuvity:
S B '
=5 $ t
5 - 3

Synthesis from:
Intace DNA - - -
Primed single strands - — -
Primed single strands plus single-strand-binding protein + - +
In vitro chain elongation rate (nucleotides per minute) B 2 30,000
Molecules present per cell 4(M) ? 10-20
Mutation lethal? - - -



Ambas cadenas son sintetizadas en
forma concurrente
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El cromosoma bacteriano es replicado bidireccionalmente
como una unidad a partir del oriC

Las dos horquillas de replicacion se mueven a lo largo del
genoma (a aprox. la misma velocidad) hasta un punto de
encuentro
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» Las secuencias involucradas en la terminacion se denominas “sitios ter”

» Son secuencias cortas ( 23 bp)

 Funcionan en una unica orientacion

* El sitio ter es reconocido por la proteina Tus (en E.coli) o RTF (en B.subtilis)
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Punto de encuentro de las horquillas

TRAMPA de Horquilla
de replicacion

Si una horquilla se retrasa,
la mas rapida es

“atrapada” en la region ter
para esperar el arribo de la
horquilla retrasada

Horquilla 2 Horquilla 1
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Los ultimos cientos de bases de ADN
entre estos complejos son replicados

completando 2 cromosomas
topolégicamente unidos
= \
clockwise .;ZZTF YPVOK sm<. Clockwise
fork 5 h fork
Completion
of replication
Catenated
chromosomes
l[)\ A topoisomerase I'V
La separacion de los circulos (catenanos)
SRR se realiza por accion de la Topoisomerasa

SRR v
(b) Separated jght (c) by W. H. Freeman
chromosomes and Company






Los replisomas de ambas horquillas se
encuentran ligados entre si y asociados a
la membrana en un punto
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Bacterium

replenion Después de la iniciacion,

Chromosome Terminator cada uno de los Orfgenes
Replisome . _
replicados es particionado

c SRR

El proceso de replicacion
orgina es la fuerza motriz que
empuja los cromosomas
replicados a los polos
opuestos celulares

chromosomes
separate

cell elongates
as replication
continues

(b)
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D loops maintain mitochondrial origins

Mitochondrial DNA replication starts at a D-loop
RNA primer initiates
replication at
origin on H stra

RNA synthesis initiated

H strand\3' RNA cleaved

( B W DNA is synthesized

S—A Synthesis of new L strand
‘ creates D loop by displacing
parental strand

L strand

D loop expands

L strand origin
When displaced strand

\ ) passes origin on L
. strand, synthesis of
new H strand starts

Completion of new L strand releases daughter genomes

(\& Completion Released geno
\ generates partially replicafe
duplex circle

l Completion
generales
duplex circle
=\ Gaps in new strands are sealed
/—\
| 2 _
N—— viflualtext waww el’glto com
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El mecanismo de Rolling circle
puede generar multimeros de un
replicon

Displacameant of
nicked strand
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Los extremos de un ADN lineal son un problema
para la replicacion

Replication of a 5' end is a problem

End of linear DNA

How does a new strand
initiate at the end?
Run off

New strand synthesized 5'-3'
b‘o 3-

virsshoxt wew. € fgito ern
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Ciertos genomas virales linales utilizan proteinas terminales
para la iniciacion

. :
A protein covalently binds Ad DNA

Termigal . DNA Qr
proteiffsss” polymerase aenne O

dCTP: H i
3 : C
u -~ \\ E/.—/-’ =

E AN
Polypeptide '

Polypeptide

Protein-DNA link

virlualtex! wwa.€rgito.com Adenovirus DNA
oo == PPPA
-Ser-C-OH . ’
: Figure 13.14 The 5’ terminal
viruaitext wwa 8rgIto com . phosphate at each end Of
. adenovirus DNA is covalently

: Figure 13.15 Adenovirus terminal L - A
i protein binds to the 6’ end of DNA : linked to serine in the 55 kD

: and provides a C-OH end to prime +  Ad-binding protein.
: synthesis of a new DNA strand. ght (C) by W. H. o
and Company




