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- principal molecule for life
- structure and function carefully checked

- changes rapidly repaired
- irreversible changes - cell death ‘
(physiologically by apoptosis) Send

o7’ Ii "ir D* 3" end
Mutagenesis > MUTATIONS ’ ! )

- variability and evolution ~ ws- b
or - damage to DNA ) ‘y\*
(structure or coding) Szt J ..

billions of nucleotides/day
- most are repaired

... stress-induced - toxicity

Phosphate-o 5 M2 y

deoxyribose€74, & o
... natural mutagenesis w ‘3
o o ]




axogenius anmg&mus
)Q/i/ \ rata of DNA damage = rate of repair
a}nmg E
nunlﬂr \t\
mitochondrial
DMNA
unmpa.'.rm
unrapairad

diseased cell
rata of DNA damage > rate of repair

Can BE'F J \ & Promeatheus 2004

Pa y

a Sis
senesence popto

_ Cellular changes =2 Health and evolutionary consequences




Damage of DNA is carefully controlled
constitutively expressed repair systems

Sudden changes in DNA

-> induction of additional repair enzymes
(e.q."SOS-repair” in bacteria - biomarker of DNA damage)
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Example:
Complex system of SOS repair proteins induced in E. coli by DNA damage

(induction and/or_elevated levels of SOS-repair also used as a ,biomarker of genotoxicity®)
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Figure 3. A literature-based linkage map between genes in the SOS response in E. coli. The map repre-
sents inducible genes/proteins in the SOS response for repair from DNA damage. Black lines indicate
pathways in the normal repair process and red lines with arrows activation/induction due to an exposure
to damaging agents. Recombination and repair, DNA damage—inducible protein, nucleotide excision
repair, error-prone repair, and stationary-phase regulator have family molecules in each box. Green
circles are genes used for the analysis.
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POINT mutationts
Base exchanges
Deletions / Insertions

- Impacts of point mutations
(a) silent, (b) missense, (c) nhonsense, (d) frameshift

CHROMOSOMAL mutations
- large scale impact
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INSERTION
DELETION

- shifts in reading frame
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5!‘
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Insertion
AUG |CGA | UUA UAC GGG
Met Arg Leu Tyr Gly
¥
AUG | CGA [UUA |UUA [ CGG| G
Met Arg Leu Leu Arg
Deletion
AUG |CGA | UUA | UAC |GGG | AAA
Met Arg Leu Tyr Gly Lys
N
AUG CGA |UUA |UAG |GGA | AA
Met Arg Leu Stop
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Impacts of point mutations
- (a) silent, (b) missense, (c) nonsense, (d) frameshift

Normal DNA Template T Mutated
AAAATACGTGCA DNA AAAATTCGTGCA template
strand DNA strand
UUUUAUGCACGU UUUUAAGCACGU
mRNA % Mutated
RNA
Normal ~ _phe — Tyr — Ala— Arg — — phe STOP ; "
polypeptide € copoNn Polypeptide synthesis ceases
Normal (c) Nonsense mutation
Mutated Frameshift mutations
AAGATACGTGCA template Insertion
DNA P
UUCUAUGCACGU strand r'TT T T TTTIT T = Mutated
Mutated AAATATACGTGCA template
mRNA DNA strand
— Phe — Tyr — Ala — Arg — No change in VUURBUAUGCACGU
amino acid Mutated
sequence of mRNA
(a) Silent mutation polypeptide — Phe — lle — Cys — Thr — Major difference
in amino acid
(d) Frameshift insertion sequence
T
Mutated t lat / !
utated template W w Mutated
AAAATACCTGCA DNA strand AAAA ACGTGCA template
DNA strand
UUUUAUGGACGU UUUU UGCACGU
Mutated mRNA e e e MIUtated

mRNA
— Phe — Leu — His — Val — Major difference
in amino acid
(b) Missense mutation (e) Frameshift deletion sequence

___Slightly different amino

—Phe — Tyr — Gly —Arg — _ sequence
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PHYSICAL FACTORS

lonizating radiation
- direct interactions with NA

- Interactions with water
- formation of OH*
(and other oxygen radical species — ROS)

- Various impacts on bases and strands

UV radiation

- interaction with aromatic cycles (bases)
- base dimerization (T=T)




RADIATION DAMAGE TO DNA
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CHEMICALS

1) Small electrophilic molecules
(attracted by nucleophilic/basic sites ... e.g. in DNA)

2) Other reactive molecules
* alkylating and arylating agents — covalent adducts
* specifically intercalating agents

3) Base analogs
iInserted during replication instead of nucleotides

Some compounds may require “activation” by metabolism
pro-mutagen (pro-carcinogen) - mutagen (carcinogen)




HNO,, HSO; Hydroxylamine (HO-NH2), Methoxyamine (CH3-O-NH2)

Example: oxidation (deamination)
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Covalent binding to NA (alkylation of bases, crosslinks in dsDNA)
Alkylsulphates, Nitro-urea, N-nitroso-alkyles, cis-platinum
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Covalent binding, aromatic ,,adducts“ with bases

(see also discussion at biomarkers)

Mycotoxins (Aflatoxins) — requires activation

PAHs (benzo[a]pyrene) — requires activation
PAH derivatives

- 2-AA, 2-AF (grill prodt o o =
- NQO — model mutagel N 7 N\ _O
in experiments | O _
) G H,
... many others °© © OCH; ©
Aflatoxin By 312.27 AF-2 (furylfuramide) 24819
NH;
Z-amincanthracene Z-aminoflucrene
(2-AA) 193,24 (2-AF) 181.23

&y

benze[alpyrene

(B[a]P) 252.31

4-pitroquincline-1-oxide

Q0 190,15



BaP is oxidized to epoxides and OH-derivatives during detoxification (CYP450)
—> increased reactivity (including binding to bases ... primarily G or A)

(Similar bioactivation e.q. at aflatoxin)
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AFLATOXIN sources
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INTERCALATORS

Compounds with characteristic structures “fitting” into DNA
- both noncovalent and covalent intercalation

Example 1 - ETHIDIUMBROMIDE
- experimental dye — visualization of DNA
- intercalation - sharing of electrones with bases = high fluorescence

Lower
density
DNA

Normal
density
DNA

Nucleotide

Intercalated eb

Phosphate backbone




Other intercalator examples

-Anticancer drug - doxorubicin

S
2
HaN N NH,

-Experimental research compnds (e.g. acriflavine) > \

( ) ( ):Papiides CHs L CoHs

1
HN=CH-(CH, )y =N

c=0 c=0 N
0 0 N7
CH, CHsy o
3 4
Chart 5.8. Examples of intercalating agents. Key: 1, acriflavine; 2, ethidium bromide; 3, actino-
mycin; 4, quinacrine.




Structure similarity with natural bases

- Incorporation into DNA during replication
- Base exchange mutations
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- Mutations can be:
- Inherited (inheritable) or somatic

- Impacts of mutations
- Lethal
- Non-lethal

Impacts of point mutations
- (a) silent ... silent

- (b) missense
- Changes in protein structure and then
function — various effects - both adverse
(disease incl. cancer; lower fitness) or
beneficial (evolution)
- (c) nonsense and (d) frameshift

- Usually lethal

Inherited
(A)

every cell.

De novo
(D) I l
Somatic

(F) I l

Father has mutation

in all cells and transmits
it on to his child. Child
is heterozygous in

Father has mosaic Father has germline

mutation that mosaic mutation.
affects germline Child is heterozygous
and somatic cells. in every cell.

Child is heterozygous
in every cell.

Mutation occurs in zygote
within first few cell divisions.
Child is heterozygous

in every cell.

Father has mutation

in a single sperm cell

and transmits it to the
child. Child is heterozygous
in every cell.

Child has mosaic mutation
that occurrs later in
development and affects
fewer cells (e.g. skin cells)

Child has mosaic somatic
mutation that occurrs

early in postzygotic
development and is present
in a percentage of his cells.

(E) l |
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Single nucleotide polymorphism (SNP)

These are positions in a genome where some individuals have
one nucleotide (e.g. g_@_)_and others have a different nucleotide

(e.g.aC). Polymorphism
;\w“ SP‘V i "Poly” many 'morphe
Although each SNP @

have four alleles

could, potentially, “( & - y
(because there are @ - &
four nucleotides), GA

General

population
TCTAA GTATAA L]
AGATT CATATT
Normal pagaTT CATATT ,0T€en
TCTAAC GTATAA 1 "
ICTAAGTCCGTATAA
. AGATTCAGGCATATT
Carrier  AGATTCAAGCATATT Single nucleotide
TCTAAGTTCGTATAA
TCTAAGTTCGTATAA (SNP)
. AGATTCAAGCATATT
Disease ,GaTrcAAGCATATT 1o %
TCTAAGTTCGTATAA

_ Also further discussed at ,,biomarkers* of susceptibility




Chromosome with allele
conferring resistance
to pesticide

Additional
applications will

be less effective, and
the frequency of
resistant insects in
the population

will grow
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