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* What are the sources and types of this
damage? ncdatess o

. Can our cells recognise and repair this
damage?

. What are the consequences of unrepaired
‘damage on the cell fate?

alig

* DNA molecules like all other biomolecules can

\
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Classification of DNA Damage

« DNA damage can be classified according to
the causative agents into two main types:

Q m_oozﬁmsmo:m damage (Endogenous): m_._m._:@

naturally and in the absence of known causative

mmlﬁm mno:,ﬁmsmon DNA lesions are random
events ' we - @nl predick  when andl ia by 159 e\uﬁn

QW. cell woill ocecure
B.\ Induced damage (Exogenous): occurs in the

presence of known causative agents (external

factors) % (ke
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>:joc@: DNA'is highly:stabl¢, nevertheless it is

m_oo:.ﬂm:moﬁ DNA Damage
Align

susceptible to the following mcosﬁm:mocm changes
c:am_. normal cell conditions-
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Depurination : . ( haplrolysis  Peaskion

Replication errors
Base tautomers
Oxidative DNA damage
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Spontaneous DNA Dama
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Uracil (V)

urine Adenine (A)

(found in RNA)

Base —

— Deoxyribose
or rihose
sugar

Deoxyribase (in DNA) Ribose [(in RNA )
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Nitrogenous Bases

Purines

H

0 _ Sugar -

Adenine (A) Thymina {T)
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Guanine (G) Cytosine (C)

Pyrimidines
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Deamination
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Other possible deamination events in DNA:
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Deamination

The chemistry of DNA four bases facilitates the
damage detection through imismatched basepairs:

Specific DNA repair enzymes (i.e. DNA

N- glycosylases) are capable of detection and
removal of such unusual bases

If left uncorrected, during DNA replication most of
these changes would lead to mutations in the
daughter DNA chain’(p@articularly:basejpair —=>

?:,,%
w:cmﬂ_n:ﬁ_o:v

These mutations will propagate throughout
subsequent cell generations (inherited)
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Deamination of cytosine
produces uracil

pase fo

Results in the substitution of on
r another when the DNA

‘is replicated

=T

* . Cytosine GG | Uracl (A) T-A
__ vam:_:m . . A-T Hypoxanthine (C) G-C

-~ Guanine | GC _Xanthine (T) TS
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m_oo:ﬁm neous DNA Damage
\o . | < |
M\ Depurination: the loss of a purine base by
spontaneous hydrolysis of the N-glycosidic bond

that links it to deoxyribose C1'
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Dmv:::m:os _,mmc:m in mnc::_o site:(APsite) which
can be recognized and repaired _u< specific repair
mechanisms

If left uncorrected, during DNA replication these
changes would lead to mutations in the daughter

B

DNA chain (particularly base pair deletion);
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This error will propagaie %Sc@gi subsequent
generations (inherited)
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« Such errors are normally detected and repaired
immediately by the proofreading/editing activity of
DNA polymerase enzyme (

factivity) .

Spontaneous DNA Damage

Replication m:o_.w_ spontaneous lesions may occur
during DNA replication in which the wrong base is
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4. Base tautomers: DNA bases exist in one of
several forms called tautomers (structural
~ isomers) |

reN\sE

1. Keto/Enol pair 2.\Amine/Imine pair
Enol Eﬂa Keto form  Amine form Imine form
A il tautomerization ; tautomerization
LA, |» == S .
A ﬁw fm _ = N _ i~ H
H  rapicl S o
vaosg,.)w
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Base Tautomers .
* Actually enol/imine forms are rare and tend to
cause mispairing

(@) Standard base-pairing arrangements \

Guanine (keta) Cytosine (imino) . Adznine (amino)
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- Base Tautomers
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5. Oxidative DNA Damage:(Efj @Q@mﬂodwﬁmmo:é

b it

°» Oxygen'Species (ROS) are produced as

e ot et Ner s
LSt

byproducts m%_,_:@ normal metabolic processes
S

._NOmwco:m,cvmﬂoxam_,ma_om_ON,‘m,,wmo_ADZb, 7
leading to n_mBm@m k| V. modif
nitroger

« 8-oxoguanine Am OXO 9 is one o,n Em Bm_oq product
of DNA oxidation. Another modified base is thymine

glycol
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Oxidative DNA Damage

O

Guanine (G)
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8-oxoguanine
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Induced DNA damage
e e

. & 5 . gn : 3 N
and ionizing radiation ¢ Y &7 whish ore,

’ jhlyzsensitive to UVIight. They form
(intra-strand crosslinking) particularly

thymine dimer \
Dimers alter DNA structure . =
(kink or Knot in DNA strand) ~[Lcr, (i} e "~ _ 54
Thymine dimers prevent _. g
proper replication. The cell |
either dies (apoptosis) or
forms a malignant tumour
(cancer)

1. Radiation Damage: which includes both UV light L
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b doon neghbor 7
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A. Ultraviolet Radiation
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?  Adjacent

thymines
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like cosmic rays, x-ﬁm«a and gamma

\ Indirect DNAJdamage by

»") production of free radicals

_1m<m can amBm@m DNA molecules in 2 ways:

+ Direct DNA'damage by x-rays o y-rays

L 3 T..v.vu

e B DAIMAGE

which alter the m:coE_jm of
bases
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Induced DNA damage i 4l
. alg b

2. Chemical mutagens: are agents which induce
mutations if their damaging effects on DNA have
not been recognized and repaired

& Base modifying agents
(2- Base analogs
£ )

G Intercalating agents - [ <" v

SCahhed bS)mCamSmcanner



 Change the chemical structure of DNA bases resulting in”
mispairing and other problems

* These includes alkylating agents such as SAM
(s-adenosyl Methionine) which adds methyl group to
guanine leading to O methylguanine AO@ MeG)

- If not repaired, this lesion can lead to 4 base

_@m,_._.;mccmﬁ::o: (base pair. %ms@m_.mv m m
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Sandwich themselves TITITTIITTIIT

GTACCAATTACGC

between adjacent DNA bases SiI£§11431865

Normal DNA

SO mmmowmczw\ structure -
causing insertion or deletion N acriaine
of an entire base pair (hence 4
frameshift mutation) ,

Like &cridineorange))
\benzopyrene (cigarette
smoke)  aflatoxin BT | gty

CATGTATGTTAAT
TAAATTACGC or e iill

(mycotoxins produced | |
by some fungi) 2309Rzyereaib ey ey ey vy ez
it o bro e PRITTA4IS8S SATIPIATEITAL™
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1.

Direct Repair system

Direct repair also called direct reversal because
the damage can be directly recognized and
reversed e g

Two specific enzymes are
involved in direct repair:

Photolyases which repair mm |z
AN NN

C< _:Qcomg am_ﬁm@m in T %

u |
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E et

_._c:,_w:mv c< mv_&_:@ the
dimers

0 the preseace of visiNe
:ﬂ_l. the cnzymw catalvscs
clenical cleavage of the
dinwr, thenoby mesnriag,
ornal buse paxing and
repaicng dw DN
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~ Direct Repair system

2. O6-methylguanine x _)m\b

methyltransferase (MGMT)— sp=°
which transfer methyl group
from G to a cysteine qmm_acm

within the enzyme itself{Ada’
m:aé& ;m:m ﬁ:m 2<o cmoﬁm:m_

e ﬁz e

N

y — Degradation

than catalytic becaus
each enzyme can be

used only once (suicide)
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Base Excision Repair

Base excision repai (BER) involves a omﬁm@oé
enzymes known as

_uZ> @_<nom<_mmmm%

?Jru\«WQ nﬁgc-

.‘_,m30<m 5@3 8
(AP) site

AP endonucleases enzymes nick the damaged
backbone m.m 5’ end of AP site

\ noves the damaged region
using its m .8 w @x%gmmmmmm activity and correctly
synthesizes the new strand. Finally;;DNA ligase
iseals the strand.”

sul _:@ in apurinic or apyrimidinic =

Scanned by CamScanner

L8 ST SIS SO

N O A L i



Base Excision Repair

Base Excision
Repair System

N-glycosylase recognizes an abnormal

Depending on whether a putine”

. or pyrimidine is removed, this
- creates an apurinicand an -
. apyrimidinic site, respectively .

Apyrimidinic
nucleotide

P endonudielease recognizes a missing
base and cieavesthe DNA backbone on
the 5’ side of the missing base.

DNA polymerase uses 53 exonudease
activity 1o remove the damaged region

and then lills in the region with normal DNA.
DNA ligase seals the region.

 Nick replication would be
© - amore accurate term

Nick-translated region

Uracil-
i base and cleaves the bond between the
o, - base and the sugar.

v

A uﬂ ﬂm.o.
Browa
| o ¢

ss,ﬁb/n
bk Ter
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DNA helix like UV-induced pyrimidine dimers. NER is

highly conserved used in both eukaryotes and
prokaryotes

The damaged region is removed 3& steps process:

A A\_N-NA nucleotides long)

q.m30<mn_ DNA region by DNA
followed by ligase to seal the region
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* Adangerous type of DNA damage which can lead
to chromosomes fragmentation and consequently
_omm Qﬁ @m:mm _.q _mn c:qmnm:ma

» ... N

chanismr P
qmmc_ﬁm in a o:m:@m 9“ _uz> sequence at the site of

gmmxm@m

mo:m:_ m @T,mtm_ﬂ _umomcmm A:m amBm@m _m
moocqmﬁm_«\ repaired using information from sister
chromatid
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Frameshift Mutation \

Frameshift mutation: any addition (

am_m:o: <<3_o: m:m_,m the reading frame (i,

_:mmn_o:v or

e P Results at the malecular level
No mutation Codon 1 Codon2 Codon3,Codon4

_.li f | _ﬁ _ ] Codons specify

o .fl» Ab. n_.b SCRITACR S wild-type protein.
Base insertion Frameshift

mutation
Base deletion m-uam.m_.&. aamiim ﬁ;ﬁiﬁ%ﬁﬁﬂbﬁ

mutation £
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Point Mutation @
Point mutation: an alteration in DNA sequence _uwmu.
single nucleotide base and consequently a change

in single base pair (substitution)

PURINES PYRIMIDINES

purine is replaced with
another purine or one
pyrimidine with another
pyrimidine and it is called
Trafisyérsion if one
mm_._sm is replaced with
one pyrimidine or vise

versda
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