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* Arastirma alanlari: Biyokimya

Molekiiler Biyoloji

DNA onarimi

Kanser

Biyolojik Saat




DNA

Tim canlilarin evrensel genetik sifresi
Watson - Crick ¢ift sarmal modeli (1964)

Hem yapisal hem de fonksiyonel proteinlerin -
enzimlerin sifresi

DNA: kendini kopyalayabilme (replikasyon)
proteinleri sifreleyebilme (translasyon)

Sifre 4 harfli

4 Niikleotid:

— Adenin -Timin
— Guanin - Sitozin
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Mutasyon

* DNA ¢ok dayanikli bir molekiil |
* DNA yapisi,baz dizisindeki degisikler:

— Nokta mutasyonlar
— Ekleme, cikarma,degisme...
— Gergeve kaymasi (frameshift)
— Kromozom bozukluklari
* Yararlh,zararli,n6tral mutasyonlar

* Protein sentezi,yapisi,iglevinde bozukluk



Mutasyonlar

* DNA replikasyonu kusursuz degil |
« Devamli mutasyonlar olusuyor

* Dig etkenler bu hizi arttiriyor
— Isinlar: UV ve iyonizan

— Kimyasallar
— Oksidatif stress

Mutasyonlar yasamin gerekli bir ogesi



Mutasyon Oranlari

Mutation rates of different genes in different organisms

Organism

Bacteriophage T2

Escherichia coli

Neurospora crassa

Caorn

Droasophila

Mouse

Human

Mutation

Lysis inhibition
Host range

Lactose fermentation
Histidine requirement

Inositel requirement
Adenine requirement

Kernel colar

Eye color
Allozymes

Albino coat color
Dilution coat color

Huntington's disease

Achondroplasia

MNeurofibromatosis (Michigan)

Hemophilia A (Finland)

Duchenne muscular dystrophy (Wisconsin)
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Per replication

Per cell division
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Per gamele




DNA'nin gercek mucizesi hafifg¢e
sacmalamasidir.

Bu ozellik olmasaydi bizler hala
anaerob bakteriler olarak
kalirdik ve mdzik olmazdl.

Lewis Thomas
1913-1993
Notes Of A Biology Watcher




DNA Zedelenmesi
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1. Pirimidin (timin) dimerleri

* Ultraviyole R L
: 2 O9:® O ® O
2. DNA'ya baglanmalar ®@00® O @

* Kimyasallar :
« Kemoterapatikler xP7Te ﬁjj;zincij —
3. Zincir kiriklari Timin dimeri] N
* Iyonizan radyasyon uv
* Serbest radikaller
* Alkilleyici ajanlar
4. Uyumsuz eslesme (mismatch)

* DNA replikasyon hatalari
* Mutajenler




Cellular UV Light lonizing Chemical Replication
Metabolism Exposure Radiation Exposure Errors
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Cell Cycle Checkpoint Transcriptional DNA Repair Apoptosis
Activation Program Activation » Direct reversal

+ Base excision repair

* Nucleotide excision repair

= Mismatch repair
* Double strand break repair

* Homologous recombination
+ Non-homologous end joining

© R&D Systems, Inc.



DNA Onarimi

. Dogrudan diizeltme: Fotoreaktivasyon
(fotoliyaz), mavi 1sik, bakteriler

. Baz _eksizyonu onarimi: zedelenmis tek
bazi degistirme (glikozilaz)

. Niikleotid eksizyon onarimi: zedelenmis
bdlgeyi cevresi ile ¢gikararak yeni sentez
yapmak

. Uyumsuz eslesme onarimi: zincirdeki
uyumsuz eglesmeleri taniyip ¢ikararak
yeniden sentezlemek
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Base excision repair
Base excision repairs DNA when .., ‘ .. ..

a base of a2 nucleotide is

damaged, for example cytosine. [% i ‘ %

Cytosine can easily Lose an Uracil cannot form a
amino group, forming a base base pair with guanine.
called uracil.
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An enzyme, glycosylase, Another couple of enzymes DNA polymerase fills in the
discovers the defect and remove the rest of the gap and the DNA strand is
nucleotide from the DNA strand. sealed by DNA ligase.

excises the base of uracil.



Mismatch repair

When DMA is copied during cell division,
mismatching nucleotides are sometimes
incorporated into the new strand. Out of
a thousand such mistakes, mismatch
repair fixes all but one.

Original strand
Faulty base-pairing with methyl groups

MutS copy
MUtL \
Two enzymes, MutS and MutL, Muts
detect the mismatch in DNA.
4 MutH
iI_I.I_I_I_I_I_I_I_I_l_l_I_I_l_
MutL
I
T

MutS

The mismatch is removed.

2 MutH 3 MutH

MutL/ Muts

The enzyme MutH recognises methyl The faulty copy is cut.
groups on DMNA. Only the original strand,
which acted as a template during the

copying process, will have methyl groups
attached toit.
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DMA polymerase fills in the gap and
DMA ligase seals the DNA strand.



Nucleotide excision repair

Mucleotide excision repairs DNA-injuries caused
by UV radiation or carcinogenic substances like
those found in cigarette smoke.

i

UV radiation can make two 2 The enzyme exinuclease finds the damage and
thymines bind to each other cuts the DMA strand. Twelve nucleotides are
incorrectly. removed.

¥

DMA polymerase fills in the A DNA ligase seals the DNA strand.
resulting gap. Mow the injury has been dealt with.



DNA backbone

Ultraviyole ve DNA

UVB isinlar (280-315nm) DNA'da timin
dimerleri olusturur.

Sterilizasyon
Mutasyonlar: bakteri ve memeli hiicreleri
Insanda deri kanserleri: melanom ve diger
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Thymine dimer
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Fotoliyaz enzim kompleksi
gorinidr (mavi) 1sik etkisiyle
timin dimerini onarir
(bakteri)
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Damage to the DNA distorts

the configuration of the molecule.

Double stranded DNA

2

An enzyme complex
recognizes the distortion.

I” The DNA is separated, and
single-strand-binding proteins
stabilize the single strands.

I” An enzyme cleaves the
strand on both sides of the
damage.

TN

5

The damaged part is
removed.

W

6
The gap is filled in by
DNA polymerase and
sealed by DNA ligase.

Bakterilerde 3 enzim

Insanda 18 enzim



@ Base excision repair b Nucleotide excision repair € Mismatch repair

llllllllllllll 1111
DNA polymerase, dRP lyase and DNA ligase




UV ve Kanser

UVB deri kanserine yol agar
Denizciler,bahgivanlar, Avustralya'ya

go¢ eden Ingilizler..

Giinese maruz balgelerde kanserler

Melanom ve diger kanserler

YASAYAN
HERKES
ERIYOR!



Xeroderma Pigmentosum

» Otozomal resessif deri hastalig
» Sikhgi:1/250 000 (Japonya:1/40 000)

 Bebeklikten baslayarak fotosensitivite,
pigmentasyon,deri kanserler, norolojik
belirtiler

« UV etkisiyle olugsan DNA
zedelenmesinin onariminda bozukluk
(Cleaver 1968)

 Timin dimerlerini DNA zincirinden
eksize etme bozuklugu
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Proportion of Patients Alive

Proportion of NMSC patients diagnosed at selected
age

Xeroderma Pigmentosum ve Kanser
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DNA Onarimi Bozukluklar:

* Niikleotid Eksizyon Onarimi:

—Xeroderma pigmentosum ve
benzerleri

—Mental gerilik
» Iyonizan Radyasyon Zedelemesi:
—Ataksi telanjiektazi
* Uyumsuz Eslesme Onarimi:
—Kalitsal kolon kanseri (HNPCC)



Genetic diseases associated with defects in DNA repair systems

Disease

Symptoms

Genetic defect

Aeroderma pigmentosum

Cockayne syndrome

Trichothiodystrophy

Hereditary nonpolyposis
colon cancer

Fanconi anemia

Ataxia telangiectasia

Li-Fraumeni syndrome

Frecklelike spots on skin, sensitivity to
sunlight, predisposition 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

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
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Biyolojik Saat

Sirkadyen ritim

Tim canlilarda ort.24 saatlik siklus
I¢ ve dis ayarlar

Sancar'in klonladigi fotoliyaz geninin
memelilerdeki esi: kripto genleri
Birgok gen saati olugturuyor



Biyolojik Saatler

Noon
12:00

High alertness

10:00 Best coordination
Highest testosterone sec:(‘)etign 14:30
9:00

Fastest reaction time
15:30

Bowel movement likely08:30
Melatonin secretion stops

Greatest cardiovascular efficiency
07:30,

and muscle strength

Sharpest rise 17:00

in blood pressure06:45°

06:00 18:00

18:30Highest blood pressure
19:00 Highest body temperature
Lowest body temperature 04:30

1:00 Melatonin secretion starts

02:0
Deepest sleep 2:30
00:00 Bowel movements suppressed

Midnight



a Environmental input

b Cyanobacteria

Bioluminascanca
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Biyolojik Saat - Enzimatik Baglantilar
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