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DNA Damage, Mutations
and Repair Mechanisms

Dr. Nesrin Mwafi
Biochemistry & Molecular Biology Department
Faculty of Medicine, Mutah University
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DNA Damage "f‘_-“;{

« DNA molecules like all other biomolecules can
be damaged in numerous ways

« DNA damage occurs at a rate of 10%— 108
molecular lesions per cell per day (g £

« What are the sources and types of this
damage?

« Can our cells recognise and repair this
damage?

» What are the consequences of unrepaired
damage on the cell fate?
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DNA Damage

Classification of DNA Damage &
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|+ DNA da‘mgg& can be Classified according to
| the causative agents into two main types:

RESE
A. Spontaneous damage (Endogenous): arising
naturally and in the absence of known causative
agents. Spontaneous DNA lesions are random

events So we cunt Predect whenor iy which ¢
will Luke pluce «

B. Induced damage (Exogenous): occurs in the
presence of known causative agents (external
faCtOFS'fl?%e ubiatich.
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Spontaneous DNA Damage "
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* Although DNA is highly stable, nevertheless it is

susceptible to the following spontaneous changes
under normal cell conditions:

1 Deaminatioij o the west common Ly pr of §Pont mneous Lamadt
2. Depurinatiot
3. Replication errors
4. Base tautomers
5. Oxidative DNA damage
Spontaneous DNA Damage ~ ™%
Cadl elds

1. Deamination: the most common type is the
spontaneous deamination of cytosine to uracil
which occurs at a rate of about 100 bases/cell/day
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Depurlnation "-,nﬁfr‘
| * Under pl ekl

physlologleal conditions, depurination occurs
Al a rate of about BOOO bases/cell/day

Depurination results In apurlnic site (AP site) which
can be recognlzed and repalred by specific repair
mechanisme

If loft uncorrected, during DNA replication these
changes would lead to mutations In the daughter
DNA chaln (particularly base palr deletion) vautebiy 315 55

Thie error will propagate throughout subseqguent
generations (Inherlted)
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5 lesions may occur
lication errors. spontaneou

> c’?jr?n!g DNA replication in which the wrong bass 1S g
add to the newly synthasnzed strand (basr:
substitution), @ DNA base is skipped (blas | |

deletion) or extra base IS added (base mse‘rtxon}

« Such errors are normally detected and repaired

immediately by the proofreadmg/edmng activity of
ﬁ (3'-5 exonuclease

| DNA polymerase enzyme
| activity) _ ) } )
' DNA pmofreading

. Otherwise, DNA repair enzymes will recognize the
mismatched base pairs and repair them
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| Spontaneous DNA Damage ]
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- | 4. Base tautomers: DNA bases exist in onée of
several forms called tautomers (structural
isomers)
1. Keto/Enol pair 2. Amine/Imine pair
@Ofm Keto form  Amine form Imine form(w.,\’aﬂ-)
m @ NH, NH
f s tautomerization o | 7| vuomerzatcn
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* Actually enollimine forms are rare and tend to
Cause mispairing
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Base Tautomers

- If not repaired, it can lead to tautomeric shift

mutation
e
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Induced DNA damage 4y

1. Radiation damage: which includes both UV light
and ionizing radiation I1¥¢ 7 ra95

" —— Jipmian g © rArCeate

Induced DNA damage S

o A. Ultraviolet Radiation

£ Pyrimidines are highly sensitive to UV light. They form
pyrimidine dimer (intra-strand crosslinking) particularly
thymine dimer (T-dimer)

. Dimers alter DNA structure (kink or knot in DNA strand)

»  Thymine dimers prevent 7
proper replication. The cell .. &

* either dies (apoptosis) or ./,’ W '

- | forms a malignant tumour ‘ < (’ _ “[G A
(cancer) £ P
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| B. lonizing Radiation: like cosmic rays, X-rays and gamma
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Induced DNA damage

Caly ls 5

rays can damage DNA molecules

* Direct DNA damage by
producing single strand
break (SSB) and the more
severe double strand break
(DSB)

MoSmal apel kit e JH‘MJFJ! 138/ 1 € Pari

in 2 ways:

x-fays or y-rays

* Indirect DNA damage by
production of free radicals
which alter the structure of
bases by genere bion

Fexegenous Rog.

waler

radiation * « .- ’. free racical
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Base analogs

B Chemicals with structures similar to that of

any of the four standard bases of DNA like
2-amino purine the base analog

of adenine (6-amino purine). ) /
They replace them in DNA VL / {
strand but do not always pair "

with normal bases leadingto = '
base pair substitution -

(e.g. AT bp is replaced with N , .
GC bp) i

- __
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Intercalating Agents e
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Sandwich themselves between -
adjacent DNA bases like caresrrasrges =T
acridine orange, benzopyrene "
(cigarette smoke), aflatoxin B1 &

/ .)__\ Acrcire

(mycotoxins produced by some
fungi)
They affect DNA structure

. . ATG f_\ GYTTYAAT
causing insertion or AL A

_ . P AN
deletion of an entire base *= raesen
B . TTTTTTITITITI I T A
pa|r leadlng to GTAAATTACHE or uad
frameshift mutation !
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DNA Repair Pathways

DNA Repair Mechanisms %

« DNA repair system : is 2 collection c‘.‘ processes by
which a cell identifies and correcis van
lesions

+ Several repair strategies are avzilzb!

(l‘

Direct/reversal repair

Base excision repair (BER)
Nucleotide excision repair (NER)
Strand-directed Mismatch repzair (MMR)
Double strand breaks repair (DSB)
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Direct Repair system e
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* Direct repair also called direct reversal because
the damage can be directly recognized and
reversed

* Two specific enzymes are
Involved in direct repair:

1. Photolyases which repair
UV induced damage in
plants, bacteria and
Some animals (excluding
humans) by splitting the

dimers :
* meclhants of YeLall mh%’
Sl octivebion of ph0¥o\quﬁ LUAZY P ln;“\,ﬂ'_, ble [

2— cleavaye the T- Aimer

=\ —

Direct Repair system Rt tas

[V IROWERS -

| 2. O6-methylguanine
methyltransferase (MGMT)<2f2! ks

314-‘ (Phdla activg Hs@

which transfer methyl group % [ePall 4hek damage yesulx

from G to a cysteine residue
within the enzyme itself. Ada
and Ogt are the two bacterial
isoforms of MGMT ot mavguarin

* This reaction is WA

frem busg W

stoichiometric rather Pl e
than catalytic because . % ) 5 i

9l ¥
SLCHy

each enzyme can be Wi Guaine

H\N

used only once (suicide) -
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€nzymes known
a e .
DNA glycosylase S DNA-N-glycosylases like uracil

Gl -
re:g;zyltises recognize damaged bases and
©m resulting in apurinic or apyrimidinic

(AP) site
AP endonucleases e i

nzymes nick the da
backbone at 5’ end of AP site maged
Dl\_lA polymerase removes the damaged region
using lt§ 5" to 3' exonuclease activity and correctly
synthesizes the new strand. Finally, DNA ligase
seals the strand.

Base Excision Repai
p e
1ol 8 o —
Base Excision "I Il clicer
. c8AGrg3crScrdoa
Repair System  » L L_LLI,
" Uracil- N glycasylase recagnizes an abnonn al
U= bise and cleaves the Lund betwaan the
bage and ho sugar
6 g 53
lt,;c’,{lc [ Jéllee
cGAG T GGy GGA
Depending on whaether a purine I l | | ./ | VT l l |
or pyrimidine Is removed, this K . &
crestes an gpurinic and an A
agyrimidinic ait, respectively | piliiae Dave oniciaves iha DNA backbane o
the & side of 1he miasing base

and than feis n the fegion wih norm al DNA

ONA ligise seals (Ne regon
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Nucleotide Excision Repair—— “,

42) COIMEOLS
| Nucleotide excision repaif aystom (NER) corme

lesions which commonly cause bu!k dis;‘t(_;rtlr:n'-’-,lu‘rjup
DNA helix like UV-induced pyrimidine dimers, TEE (%
highly conserved used in both eukaryotes and

prokaryotes
'y:a"l:h‘e damaged region is removed in 3 stops process.
1. Recognition of the damage by NER enzymes
2. Excision of damaged DNA (12-24 nucleotides long)
by endonucleases

3. Resynthesis of removed DNA region by DNA
| polymerase followed by ligase to seal the region

mm——— .
<39! Griip) b o l
laza g WP W G-
53
i el 1 Saar
Nucleotide Excision Repair !
Caanlls ke ¥
o8 QU W Jols w1 ¥
‘W m Excision repair
_ P, e enzymes release
oo STTTEEIIN  damaged egons o
i DNA.
2. Thymine dimer lorms. :1 VITT (T [ l'
T e single strand
||
3 Erdonucieass nicks Nick . 4 I(?ased
sirand contaning dirnes 1 r A BBE . } re
I i AAL L
'
4 Damagod fragment 15 e LD L Repalr is then
released from DNA L. i LT3 completed by DNA
M T CECOWALLET 1T polymerase and DNA
' ligase
5. DNA polymerase T T T - ER
fills in the gap with 5;,'-!“3{-}:;.”.&"':
new DNA (yeliow) e |-;m
6 DNA higase seals tha SERENE RN (B8 |
repawed strand BT A T
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Strand-directed Mismatch Repair /"

ey ilgla

X this yepail occuy wewn Lhe CTFeV Larind O¥A1ep)calion prelrped [raw Plavfreaking

+ Mismatch repair (MMR) corrects errors introduced ackhiviye
during DNA replication (e.g. base substitution,
deletions or insertions)

| w0 arnniie ipnas

. Replication errorsare | .
rare due to high fidelity of ~ [XYFFREEEE 11, Vit
DNA replication process -

« DNA polymerases have _ * e
proofreading 3-5' - ohmelzl,ﬂ_vl.

‘ LA oot mas

exonuclease (reverse)

activity which recognizes A e
mismatched bases and #
excises them
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« Mismatch system roﬁh" merase proc el I —
escaped from DNA poYY . —
* 3 steps process e \ S S
2. Excision of DNA wgm!’“’d —— N
containing the mismatche J—- —
nucleotide from the newly —
| synthesized strand ot - P —
st e ¢ ) - : men _ ‘
old stvand JiJis U“*'v 3] Resynthesis of the excised seg -;-j ——
[ | - Itis called strand-directed MMR o
o because MMR enzymes are L L
B selectively directed to the newly T
synthesized strand rather than to the ==~
old strand (i cean distansucs peiure) ‘ .
S

bl Skrand an), NeEw S-l'-)'a)'.‘&._j
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Double strand breaks repair (DSBL:

f A dangerous type of DNA damage which can lead !

| chromosomes fragmentation and consequently los

| genes (chromosomal aberration) if left unrepaire
+ Two types of repair mechanisms:

hotr completly 811) Non-homologous End Joining (NHEJ): it is an en
‘ prone mechanism of repair because it results in

efficrent change of DNA sequence at the site of breakaq:

ojupletly €Ff:‘cen1‘ P12 Homologous recombination (HR) is an error-fres
mechanism of repair because the damage is
accurately repaired using information from sists

chromatid
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Point Mutation et

. Point mutation: an alteration in DNA sequence by a
single nucleotide base and consequently a change

in single base pair (substitution)

- Substitution at a point is
called Transition if one
purine is replaced with
another purine or one
pyrimidine with another —
pyrimidine and it is called \.\ /‘/
Transversion if one 4

purine is replaced with = .
o

PURINES PYRIMIDINES

one pyrimidine or vise
versa
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