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Figure 14-25 Three types of repair of DNA with a damaged
base.
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Figure 14-26 Induction and removal of UV-induced pyrimidine
photodimer.
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% Foto-reparacién

1. Native DNA 4. Absorption of light (>300nm)

2. Pyrimidine dimer in UV DNA

3. Complex of DNA with
photoreactivating enzyme

5. Release of enzyme to resiore
native DNA
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% i Reparacion directa del DNA
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17.28 Direct repair changes nucleotides back
into their original structures.

| Of-metilguanina-T: G-C - T-A (transversion ‘

% i Reparaciondirecta del DNA

0S-metilguanina metilltransferasa transfiere el grupo metilo a una cisteina en el
sitio activo.

Posteriormente, la enzima se inactiva. El sistema de reparacion puede ser
saturado por un gran nimero de metilaciones en las guaninas del DNA
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Reparacion directa del DNA

Table 1 Inducible genes of the adaptive response to alkylation damage

Inducible ~ Chromosomal Mutant Gene Lesions Other
gene location phenotype product repaired properties
ada 47 Sensitive to 39-kd DNA 0O°MeG  Positive reg-
mutagenesis  methyltransferase 0% MeT ulator of
and killing p(Me) adaptive
Tesponse
alkB 47 Sensitive to 24-kd protein ?
killing
alkA 45" Sensitive to 31-kd DNA 3MeA —
killing glycosylase IMeG
0? MeC
0O* MeT
aidB 95" Resistant to 7 — —
killing

Reparacion por Escision

Reparacion por
escision de bases
(BER)

Reparacion por
escision/de nuclestidos
(NER)

Reparacion por escision de bases (BER)

DNA glicosilasas: enzimas que detectan y remueven bases dafiadas.

Figure 5-49 The recognition of an
unusual nucleotide in DNA by base-
flipping. The DNA glycosylase famity of
enzymes recognizes specific bases In the
conformation shown, Each of these
enzymes cleaves the lycosyl bond that
connects a particular recognized base
(veflow) 10 the backbone sugar, removing
it from the DNA. (A) Stick model;

{8) space-filing model.
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Reparacion por escision de bases (BER)

Table 42 DNA glycosylases
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After the base has been removed, an enzyme called AP
(apurinic or apyrimidinic) endonuclease cuts the phospho-
diester bond, and other enzymes remove the deoxyribose
sugar (¢FiGure 17.29b). DNA polymerase then adds new
nucleotides to the exposed 3'-OH group (¢ Ficurs 17.29¢),
replacing a section of nucleotides on the damaged strand.
The nick in the phosphodiester backbone is sealed by DNA

:v PP CRE g | Kbone |
5 “Q' ?‘ 3 ligase (4Fiure 17.29d), and the original intact sequence is

AP e restored (¢ FIGURE 17.29¢).
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Reparacion por escision de bases (BER)

TS,
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Deoxyribose phosphate + dNMPs
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After the base has been removed, an enzyme called AP
(apurinic or apyrimidinic) endonuclease cuts the phospho-
diester bond, and other enzymes remove the deoxyribose
sugar (¢FiGure 17.29b). DNA polymerase then adds new
nucleotides to the exposed 3'-OH group (¢ Ficurs 17.29¢),
replacing a section of nucleotides on the damaged strand.
The nick in the phosphodiester backbone is sealed by DNA
ligase (€ Ficurr 17.29d), and the original intact sequence is
restored (¢ FIGURE 17.29€).




Reparacion por escision de bases (BER)

Figure 1229 Mechanism of base excision repair. In this case,
a uraci-DNA glycosylase enzyme removes a uracil (req) from
DNA. An AP (apurinic-apyrimidinic) endonuclease nicks the

DNA on the 5’ side of the base-free site. Between 80 and B TGCTaA
nucleotide (green); an exonuclease, lyase, or phosphodiesterase

with DNA ligase. Between 10 and 20% of the time, the DNA —_ A

polymerase will extend polymerization beyond the single A TaecT
finish the repair. (From T. Lindahl, “The Croonian Le e

ndogenous Damage to DNA,” Phiosaphical
of London, B

Pp. 1629-1538, figure 6, 1996,
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Reparacion por escision de nucleétidos (NER)

K Damage to the DNA,

3 L3 An enzyme cleaves
distorts the configuration

the strand on both

of the molecule. @ sides of the damage.
Damaged DNAK
+ - +
[An enzyme complex
recognizes the distortion
resulting from damage.
A part of the
gamaged strand
is removed,
©
EJ The DNA is separated,
and single-strand-
binding proteins stabilize 3 5 Bl
the single strands. \ - =
DNA
- poljmerage) andiEGEpIaIed in
® il by DNA palyfierase and
sealed by DNA ligase.
New DNA

17.30 Nucleor 01 repair consists
of four steps: detection of damiage, excisior
of damage, polymerization, and ligation.

A

Reparacion por escision de nucleétidos (NER)

NER: nucleotide excision repair, damaged regions based on their abnormal structure.
In all organisms, NER involves the following steps:

1.- Damage recognition

2.- Binding of a multi-protein complex at the damaged site

3.- Double incision of the damaged strand several nucleotides away from the damaged site,

on hoth the ' si
4.- Removal of the damage-containing oligonucleotide from between the two nicks
5.- Filling in of the resulting gap by a DNA polymerase

Ligation
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Reparacion por escision de nucleétidos (NER)

Gen Funcidn del producto génico

uvrA Reconocimiento dafio

uvrB Reconocimiento dafio, nick 3’ lesidn (a unos 4-5 nt).
uvrC nick 5’ lesion (a unos 8 nt).

uvrD helicasa, remueve el oligonucleotido dafiado

polA DNA pol | (sintesis DNA)

lig DNA ligasa

% Reparacion por escision de nucleétidos (NER)
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V' e 4] a8 & Figure 12.31 Nucleotide excision repair. A lesion in DNA (a
;- cccec e il LR thymine dimer) is located by a protein made of opies of
UwrA and one of UvrB. Then, the UvrA subunits detach, and
Yn then U WG attaches on t e lesion. UvrB nicks the
Ui hokosss s DNA on the 3 side and UWG on the §' side of the lesion;

oligonucleatide with dimer UwrD helicase unwinds the oligonucleotide Gontaining the
esion {rea). DNA polymerase | and DNA ligase then repair the

palch (green),
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DNA
MESSAGE Base excision repair and nucleotide excision I Paxing l ligase
repair are error-free repair mechanisms that recognize and
remove mispaired bases prior to replication and utilize the T
undamaged DNA complementary strand to guide repair.
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% NER acoplado a la transcripcion (eucariontes)

Se repara preferentemente la hebra templado (transcribe) del DNA.
¢C6mo se reconoce la hebra que se transcribe?

_~Repairosome

TFIIH subunit

unwinds DNA Formation of a
bubble

Ssi2

Excision of
damaged strand

damaged strand

l Excision of

3" incision 5 incision

DlAsynthesis
andigation

T T N

Figuf T4-28uc eotide excisionGgligir in eukaryotes. In this
exdiple a pyrimigihe dimer (triangle)'Causes a bulge, which is
redggnized by a repaifbsome. Various proteins in the
repajiBsome make a SiBle-stranded bubble, and one single
strand Bicut out and rasinthesized. [Adapted from Encyclopedia
b ife Seielives. 2001, EAE] Friedberg, “Nucleotide Excision Repair
T BukaryotSsiShiaure Jd)

17.31 Xeroderma pigmentosum is a human
disease that results from defects in DNA rep:
(Ken Greer/Visuals Unlimited.)

Reparacion por escision de nucleétidos (NER)

Sunlight includes a strong UV component; so exposure
to sunlight produces pyrimidine dimers in the DNA of skin
cells. Although human cells lack photolyase (the enzyme
that repairs pyrimidine dimers in bacteria), most pyrimi-
dine dimers in humans can be corrected by nucleotide-
excision_repair. However, the cells of most people with
xeroderma pigmentosum are defective in diicleotide-
excision repair, and many of their pyrimidine dimers-go
uncorrected and may lead to cancer.

Reparacion Post-Replicacion (“Mismatch”)

1.Reconocer el mal apareamiento.

2. Determinar cual base es la incorrecta.

3. Eliminar el incorrecto y reparar.

v Frecuencia de mal apareamiento en el DNA: 10 a 105 (considerando actividad

correctora de DNA pol I11).

v  Reparacién Mismatch reconoce bases mal apareadas en el DNA (ej. G-T or A-C).

v’ ~ 99 % de la reparacion en el DNA ocurre por esta via .
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8 c CTAG 5 Figure 14-30 Model for mismatch repair in E. coli. DNA is
Repair synthesis [me] methylated at A residues in the sequence GATC. DNA
and full methylation replication yields a hemimethylated duplex that exists until
A methylase can modify the newly synthesized strand. The
G GATC 3 mismatch-repair system makes any necessary corrections
C——CTAG———— &' based on the sequence found on the methylated strand

(original template). [After E. C. Friedberg, DNA Repair. Copyright|

@ EB i DNA repiication, a
mismatched base was
added to the new strand.

New DN\A
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17.27 Many incorrectly inserted nucleotides that
escape proofreading are corrected by mismatc]
repai

MutS : reconoce mismatch.

MutL: estabiliza el complejo.

MutH: endonucleasa (se une al sitio
hemimetilado GATC).

nucleotide strands to be differentiated: immediately after replication,
the old strand will be methylated but the new strand willnot.
14
GATC

TMemy\amn at GATC sequences allows old and newly synthesized

¢
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A sugar-phosphate backbone.




Reparacion Post-Replicacion (“Mismatch”)

MutS : reconoce mismatch.

MutL: estabiliza el complejo.

MutH: endonucleasa (se une al sitio
hemimetilado GATC).
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Figure 14-31 Model for mismatch repair in humans. Errors

arising at replication, such as mispaired regicns and loops

from replication slippage, can be removed and repolymerized
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Respuesta S.0.S

v’ Supera un bloqueo de la replicacién (dafio en el DNA).
v Alta tasa de error.
v’ Respuesta de Emergencia (muerte vs mutaciones).

v’ Al menos 25 genes involucrados.
(recQ)

(dnaN)

o

Respuesta S.0.S
Control por LexA y RecA
LexA: Represor de los genes de la respuesta SOS.

RecA se activa por DNA dafiado y al activarse, promueve la actividad de auto-clivaje del
represor LexA (se inactiva).
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The SOS response of Escherichia coli

DNA polymerase Ill, shown in blue, stops at a noncodinglésion, such as the T-C photadimer, generating
single-stranded regions that attract the SSB protein (dark purple) and ReeA (light purple), which forms
filaments. UmuD (red circles), which is cleaved by RecA toyield UmuD’ (pink circles) and UmuC (yellow
ovals). The UmuC is recruited to form a complexWith imuD’ that permits DNA polymerization to proceed

past the blocking lesion.
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Figure 14-32 Mechanism of nonhomologous end-joining of
double-strand breaks. This is an error-prane mechanism
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Figure 14-33 Repair of a double-strand break by homologous
Fecombination. A double-strand break induces an enzyme to
chew back 5’ ends, leaving 3' overhangs that are coated with
proteins, including RADSL, a RecA homolog. A segment of the
sister chromatid (blue is used as a template to repair the
break. [From D. C. van Gent, J. H. J. Hosijmakers, and R. Kandar,

Disease

Xeroderma pigmentosum

Cockayne syndrome

Trighbthiodystrophy

Hereditary nofipolyposis colon cancer

Fanconi anemia

Ataxia telangiectasia

Li-Fraumeni syndrome

‘\i

Symptoms

Freckleliie spots on skin,
sensitivity to sunlight, predis-
position to skin cancer
Dwarfism, sensitivity to sunlight,
premature aging, deafness,
mental retardation

Brittle hair, skin abnormalities,
short stature, immature sexual
development, characteristic
facial features

Predisposition to colon cancer
Increased skin pigmentation,
abnormalities of skeleton, heart,
and kidneys, predisposition

to leukemia

Defective muscle coordination,
dilation of blood vessels in skin
and eyes, immune deficiencies,
sensitivity to ionizing radiation,
predisposition to cancer
Predisposition to cancer in many
different tissues

Genetic Defect

Defects in
nucleotide-excision repair

Defects in
nucleotide-excision repair

Defects in
nucleotide-excision repair

Defects in mismatch repair

Possibly defects in the repair
of interstrand cross-links

Defects in DNA damage
detection and response

Defects in DNA damage
response

Repair System

Mismatch

Direct

Base-excision

Nucleotide-excision

Type of Damage Repaired

Replication errors, including
mispaired bases and

strand slippage

Pyrimidine dimers; other
specific types of alterations
Abnormal bases, modified
bases, and pyrimidine dimers
DNA damage that distorts the
double helix, including
abnormal bases, modified
bases, and pyrimidine dimers
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