INTRODUCCIONA LABIOLOGIA
CELULARY MOLECULAR

Replicacion, reparacion y
recombinacion de ADN

El total de informacion
genctica contenida en _——
los cromosomas de un ==
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El genoma del ratdn doméstico (Mus
musculus) esta formado por 2,9x10° pares
de bases, en 40 cromosomas (38
autosomas y 2 cromosomas sexuales
diferentes), es decir esta formado por 20
moléculas de ADN distintas, cada una de
las cuales contiene entre 50 x 106 y 250 x
106 pares de bases.

El genoma de E. Coli estd formado por 4.7 x 106 pares
de bases, en una Unica molécula de ADN de doble
hélice.

En los organismos diploides,
existen dos copias de cada tipo
de cromosoma, uno heredado de
la madre y otro del padre (con la
excepcion de los cromosomas
sexuales en los machos, en los
que el cromosoma Y procede del
padre y el X de la madre). Asi
una célula humana tipica
presenta contiene 46
cromosomas y 6 x 10° pares de
bases.
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histone H1
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Generalmente los nucleosomas o core
se empaquetan con la histona -
H1 formando estructuras
regulares de orden superior

Linker DNA Monhistone
protein

Histone H1

Intervals of
200 base paits

(A H3 tail

Las moléculas de histona H1 son responsables del empaquetamiento de los
nucleosomas formando la estructura de la fibra de 30 nm. En la molécula de la
histona H1 se puede diferenciar una region globular central, muy conservada
evolutivamente, unida a los brazos amino y carboxilo terminales, menos
conservados.

Cada molécula de H1 se une a través de su region globular a un lugar Unico del
nucleosoma, mientras que los brazos entran en contacto con otros lugares de las
histonas del nicleo o de los nucleosomas adyacentes, permitiendo que se
empaqueten de forma repetida regularmente.
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PAIRED LAMPBRUSH
CHROMOSOMES

Desde el eje del cromosoma se .
extienden grandes bucles de y )
cromatina descondensada. /

loop

chromomere
o

Los cromosomas plumulados
son un buen ejemplo de una

——— xS

caracteristica recurrente de la REGION OF
cromatina: cuando la CHROMOSOME
cromatina se transcribe

activamente se encuentra en
una estructura extendida,
cuando estda condensada es
inactiva.

extended
chramatin
inloop

SMALL REGION OF

CHROMOSOME
SHOWING SISTER axis
CHROMATIDS
chramatin chromomere
joining formed from

highly condensed
chromatin

adjacent
chiomomeres
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Los cromosomas mitoticos estan
formados por cromatina en su
forma mas condensada

20 pm

short region of /M\OW'\O
DNA double helix  *d
[

form of chromatin

30-nm chromatin
fiber of packed
nucleosomes

section of
chromosome in
extended form

condensed section
of chromasome

entire
mitatic
chromosome

30 nm
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El conjunto de los 46 cromosomas humanos en
mitosis se denomina cariotipo. Tincién de
Giemsa para bandas G (A-T).
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DNA
Molecule:

Phosphate
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El nimero de posibles secuencias
diferentes en una cadena de DNA de n
nucledtidos es de 4". La variedad bioldgica
que se puede generar utilizando una
modesta longitud de ADN es enorme. Una
célula animal tipica contiene un metro de
ADN (3 x 10° nucledtidos).

La informacién genética existente en una
célula humana permitiria llenar un libro de
mas de 500.000 paginas.

building blocks of DNA DNA strand
phosphate
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La enzima DNA polimerasa cataliza la  dubiesuandeaona
adicion de un desoxirribonucledtido al \
extremo 3” de una cadena de ADN. Cada
nucledtido anadido a la cadena es, en
realidad, un desoxirribonucledsido
trifosfato, la liberacion del pirofosfato de
este nucledtido activado y su hidrdlisis
posterior proporcionan la energia para la
reaccion de replicacion del ADN,
convirtiéndola de forma efectiva en una
reaccion irreversible.

nucleotide

sugar-phosphate
_—~  backbone -~

hydrogen-bonded
base pairs






14 generations of growth
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horquillas de

/replicacién

Table 12-1. Propertiez of DNA Polymerazes

Polymerization: 3'—3" + + o+
Exonucleaseactivity:
33" = - =+
33 + - -
Swnthesis from:
Intact DNA - - -
Primad single strands + - -
Primed single strands plus single-strand-binding protein + -+
T viteo chai i ides par minuts) 600 7 30000
Molecules prasent per call 400 7 10-20
Mutation lethal? + -+

Mammalian Cells* o g &=

Polymerization: 5'—3’ + + 4+ + o+
Exonuclaase proofreading activig—3' - -+ + 4
Synthesis from:

RNA primer 3 I L

DYNA primer + + 4 + o+
Associated DNA primase + - - - -
Sensitivs to aphidicolin Gnhibiter of csl DNA synthasis) + - + o4
Csfllocation:

Nuelsi : s - + o+

Mitochendria - I o

* Yeast DNAp LI, and II] ars sguf 15 poh B.ands,
viability.

7 Polymerass fis mast astive on DNA molssulss with gaps of about 20 nuslestidss and is thought to play arsls in DNA
repair.

2 FENI is the subaryotic §'—3' exonuclsase that ramaves RNA primers; it is similar in strusture and funstion o the demain
ofE. coli polymerase I that contains the '3 exonuclsase astivity.

spectively. ] and 1T ial for cell
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BER| ision repai . or; ICL interatrend. MMR, iz .

fallinto four distinct femilies, designated A B, X and Y. based on amino ecid zequence reletionshipa.
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lagging strand with
Okazaki fragments

P44
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RMA primer to start new
Okazaki fragment

DNA fragment

7
k3

old RNA primer erased
and replaced by DNA

3 5
by k3

nick sealing by DNA ligase
joins new Okazaki fragment
to the growing chain

E ——
5 I
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AT-rich sequence BINDING OF INITIATOR
PROTEIN TO

REPLICATION ORIGIN

initiator
prateins

DNA helicase bound
1o hilease inhéblar @ ™ BINDING OF DNA

HELICASE TO
INITIATOR PROTEIN

LOADING OF HELICASE
ONTO DNA STRAND

HELICASE OPENS HELIX
AND BINDS PRIMASE
TO FORM PRIMOSOME

RNA PRIMER SYNTHESIS
ENABLES DNA POLYMERASE
TO START FIRST DNA CHAIN

INITIATION OF THREE ADDITIONAL
DNA CHAINS AND FORMATION
OF REFLICATION FORKS

R




single-stranded region
of DMNA template

with short reglons

of base-paired “hairpins”

single-strand A‘ )
binding protein
MONomers .‘

,

FARiie by HYTTL

cooperative protein binding straightens region of chain

Las proteina SSB se unen a cadenas abiertas, sin recubrir las bases
de la cadena. Colaboran con las helicasas estabilizando la
conformacion desenrollada de las cadenas sencillas.

Su unién cooperativa recubre completamente las regiones de ADN de
cadena sencilla de la cadena retrasada previniendo asi la formacién
de cortas hélices en forma de horquilla que impedirian la funcién de
la DNA polimerasa.

two halves of
sliding clamp
clamp loader
+®

3
L R R R R T X R AR R TR AR R IR TLR AR

5
DNA polymerase

clamped polymerase

La molécula de DNA polimerasa se mantiene unida al DNA mediante
un anillo deslizante. Esta proteina forma una amplio anillo alrededor
de la hélice de ADN. Un lado del anillo se une a la DNA polimerasa, y
el anilllo completo se desliza libremente a medida que la polimerasa
se desplaza a lo largo de la cadena de ADN. El ensamblaje de Ila
abrazadera alrededor del ADN requiere hidrolisis de ATP por proteinas
accesorias que se unen a la abrazadera y al ADN.
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next Okazaki fragmant

will start here =~

DNA polymerase on lagging strand
{just finishing an Okazaki fragment]
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lagging-strand
template

one end of the DNA

double helix cannot

Fotate relative to:
other end.

the two ends of the DNA double
helix can now rotate relative to
‘each other, relieving accumulated
strain

the original phosphodiester bond
energy is stored in tha phosphotyrosine
linkage, making the reaction reversible




o circular DRLA
double helices that
are imerlocked

topoisomearase N

interrupting the
orange double helix
and forming a
Protein gate

o circutar
DNA double
helices that

are separated

22



el extremo 3'-OH no apareado
de la cadena cebadora bloquea
su posterior alargamiento por
accion de la DNA polimerasa

o I,

cadena

la actividad de la exonucleasa
correctora 3' a 5' unida a la DNA
polimerasa genera un extremo
3'-OH con bases apareadas

en la cadena cebadora

o m.u.u

1a DNA polimerasa continta
el proceso de adicion de
nucledtidos al extremo
3'-OH de la cadena cebadora

T
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(A1 BASE EXCISION REPAR 161 NUGLEOTIDE EXCISION REPAIR.
pyrimiding dimer
deaminated C

CGAGTAGG

Mﬂlwﬂmmn -
& PHOSPHODIESTERASE
| REMOVE SUGAR PHOSPHATE

DNA helix

with single

nucleotide gap
CGAGTAGG

DNA. m.mm Anna‘ﬂm

25



102

1022

Frequency (cycles/sec)
1020 10% 10%8 10 102 1070

LI B B |
Ultraviolet

X-ray Infrared

Gamma rays Microwave FM  AM

| I I |

1078

1014

1072 1010 10

104

Wavelength (m)

Peak Wavelength [am]

Wavelength (nm)

PZ~Z>rmz

26



Melanina
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—— Denatured (82 °C)

Native (25°C)
el 1 e B ) R PR}

200 220 240 260 280 300
Wavelength (nm)

Two thymine residues

uv
irradiation

Thymine-thymine dimer residue
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two DMNA molecules that have crossed over

heteroduplex joint, where strands
from two differant DNA helices
have base-paired

two homolegous DNA double helices

two DNA molaculas that have crossed over
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short direct repeats of target DNA
sequences in chromosoma B
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Nuclear and Chromosome Organization

Cytogenet Genome Res 109:00-103 (2005)
DOL: 10.11 3%/ 000082387
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McClintock’s controlling elements:

the full story

R.N. Jones

Institute of Biological Sciences, The University of Wales Aberystwyth, Aberystwyth (UK)

Barbara McClintock discovered transposable elements
(“jumping genes”) while working with Zeq mays in the 1940s.
Her work was based mainly on analysis of the phenotypes of
maize kernels, and initially involved the now well-known A¢-Ds
family of mobile elements. McClintock’s pioneering work,
which ranks among the foremost in the history of genetics, was
largely ignored by the contemporary scientific community for
over 25 years until the existence of transposons was confirmed
by molecular cloning in the mid 1970s. Her work was simply
not understood by her contemporaries when she first presented
a full account of it to a meeting at Cold Spring Harbor Sympo-
sium in 1951: it was regarded as bizarre and mysterious, if not
heretical. This article attempts to reconstruct the story of the

early part of McClintock’s mobile element work, and to trace
the steps by which she unravelled the fascinating genetics of
what she called the Ac-Ds family of “controlling elements™ (the
term “controlling elements™ was used to distinguish them from
structural genes whose action they direct). The aim of this arti-
cle is to explain the work in an intelligible and clear way, and to
present what must surely be one of the finest studies ever made
in “chromosome genetics™ at a level that is readable for stu-
dents. The chapter deals only with that part of the work which
concerns the A¢-Dselements, and makes no attempts to include
other systems which were analysed later.

The main publication comes from the Cold Spring Harbor
Symposium lecture (McClintock, 1951). which was apparently

racaivad in “ctany cilanca” Thara ara latar raviawe which danl
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