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BIYOLOJIDE ANA KURAL (central dogma)

replikasyon

- 5" -CCTGAGCCAACTATTGAT-3"

transkripsiyon
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- 5" -CCUGAGCCAACUAUUGAU-3’

translasyon
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Ana Kural (Central Dogma): Dogada kalitim materyalinin
(DNA), replikasyon denilen bir olayla kendi benzerini
sentez ettirmesi, kalitim materyalinde nikleotid dizileri
halinde sifrelenmis olan genetik bilginin 6nce RNA
halinde kopyalanmasi ve daha sonra bu sifreye uygun bir
polipeptit sentez edilmesi Biyoloji'nin ana kurali olarak
tanimlanir.

Genotip: Bir organizmanin sahip oldugu genlerin timddir.

Fenotip: Bir organizmanin sahip oldugu i¢ ve dis

karakterlerinin timuddr.
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Ana Kural'dan Sapmalar
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PROTEINLER

»Proteinler tiim biyolojik olaylar igin temel olan molekiillerdir.

»Canlilarda, niikleik asitler kalitsal enformasyonu tagirken, proteinler
tim biyolojik olaylarda fonksiyonel olan molekiillerdir.

>Proteinler hem yapisal hem de fonksiyonel olarak biiyiik bir gesitlilik
gosterirler.

»Proteinlerin temel yapi taglari L-amino asitlerdir

COH CO,H
H,Nm=—C~=H Hm—C —=NH,
CH, CH,

Mirror

L-Alanine D-Alanine
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AMINO ASITLER

Yan gr'up
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Asidik (- yiikli)

Bazik (+ yiiklii)
Hidrofobik-Nonpolar (Sudan kagan)
Hidrofilik-Polar (Suyu seven)




AMINO ASITLER
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Copyright & Pearson Education, Ing,, publishing as Benjamin Cummings.
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AMINO ASITLER
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Copyright & Pearson Education, Inc., publishing as Banjamin Cummings.
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PEPTID BAGLARI
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Peptide
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PROTEINLERIN YAPISI

Sekonder Yapi (a-helix, p-sheet)

Tersiyer yapi
Kuaterner Yapi

Primer Yapi
(a) Primary

structure

(b) Secondary structure

{c) Tertiary structure

(d) Quaternary structure

K.TURAN-2022




PROTEINLERIN YAPISINDA YER ALAN BAGLAR

van der Waals attractions

— between atoms (black)

in contact

Figure 3-5. Molecular Biology of the Cell, 4th Edition.
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PROTEINLER

Table 5.1 An Overview of Protein Functions

Type of Protein

Structural proteins

Storage proteins

Transport proteins

Hormonal proteins
Receptor proteins
Contractile proteins

Defensive proteins

Enzymatic proteins

Function

Support

Storage of amino acids

Transport of other substances

Coordination of an
organ ism's activities
Response of cell to
chemical stimuli

Movement

Protection against disease

Selective acceleration of
chemical reactions

Examples

Insects and spiders use silk fibers to make their cocoons and webs, respectively. Colla-
gen and elastin provide a fibrous framework in animal connective tissues. Keratin is
the protein of hair, horns, feathers, and other skin appendages.

Owvalbumin is the protein of egg white, used as an amino acid source for the develop-
ing embryo, Casein, the protein of milk, is the major source of amino acids for baby
mammals. Plants have storage proteins in their seeds.

Hemuoglobin, the iron-containing protein of vertebrate blood. transports oxygen
trom the lungs to other parts of the body. Other proteins transport molecules across
cell membranes.

Insulin, a hormone secreted by the pancreas, helps regulate the concentration of
sugar in the blood of vertebrates.

Receptors built into the membrane of a nerve cell detect chemical signals
released by other nerve cells.

Actin and myosin are responsible for the movement of muscles. Other proteins are
responsible for the undulations of the organelles called cilia and flagella.

Antibodies combat bacteria and viruses,

Drigestive enzymes catalyze the hydrolysis of the polymers in food.

Copynght @ Pearson Education, Inc., publishing as Banjamin Cummings
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KALITIM MATERYALININ ISLEVSEL OZELLIKLERI VE
YETENEKLERINE GENEL BIR BAKIS

14
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DNA'NIN j:$LEV5EL OZELLIKLERI
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REPLIKASYON
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‘ rans|ormasyon

Transduksiyon
Konjugasyon
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Crossing-over o

r-Ofiv

Crossing-over (krossing over), 6karyotik hiicrelerde mayoz béliinmenin profaz I evresinde, ¢iftler halde
bulunan kromozomlarin (bivalent) kardes olmayan kromatidleri arasinda meydana gelen parc¢a

degisimleridir. Okaryotik hiicrelere 6zgii olan bu olay genetik rekombinasyona (gen alellerinin birbiriyle
yer degistirmesi) neden olur.

Irans|ormasyon

-3
ity

¢iplak halde (hiicreden izole edilmis haliyle) DNA'molekiillerinin bir bakteri hiicresine alinmasi ve bunun
sonucu bakteride meydana gelen kalitsal degisiklik olarak tanimlanabilir. Transformasyon olay: ilk defa
1927'de, Ingiliz bakteriyolog, Frederick Griffith tarafindan kesfedilmistir. Bakterinin ortamdan
yabanci DNA'yi igine alabilme 6zelligine yetkinlik (competence) adi verilir. Dogal ortamda bakterilerin
yetkinlikleri ¢ok disiiktiir, fakat Ca?* gibi iyonlarla milyonlarca kat arttirilabilir. Bu sekilde etkinligi
arttirilan E. coli bakterisi (kompetent bakteriler) gen klonlama ¢alismalarinda yaygin olarak kullanilir.

Iransaukswon

Bir bakteri viriisii (bakteriyofaj) bir bakteriden digerine genetik madde aktarilmasi olayidir. Kisaca
bakteri virislerinin aracilik ettigi rekombinasyon olayidir. Transdiiksiyon olay:r da gen klonlama
calismalarinda, ele alinan DNA molekiillerinin bakteriler aktariimasinda kullaniimaktadir.

Konjugasyon &

Cofiv

Fiziksel temas halinde olan iki bakteride, birinden (F* ya da Hfr*) digerine (F- ya da Hfr-) gen
aktarimidir. Freseme sahip bakteriden gen aktarimi sonucunda F-olan bakteri de F*6zellik kazanir. Buna
karsin Hfr*bakteriden F-bakteri gen transfer edildiginde genellikle alici bakteri F-6zelligini korur.

Transpozisyon -

Transpozonlar (yer degistiren elementler) ilk kez 1940 yilinda Barbara McClintock tarafindan misir
bitkisinde kesfedildi. Bu ¢alismasindan dolay: 1983 yilinda Nobel 4diilii aldi. Transpozonlar bir hiicre
genomunda, farkli mekazimalarla yer degistiren elementlerdir. Bu olay transpozisyon olarak
adlandirilir. Transpozisyon olayr hem prokaryot hem de 6karyotlarda yaygin olarak gozlenen olaydir.
K. TURAN-2022 16




- REPLIKASYON
- NP

TAMAMLANMAMIS KISA DNA MOLEKULLERI OLUSMAMALI

GENETIK BILGI BUYUK ORANDA DEGISMEDEN KORUNMALI

Bufo bufo
6,900,000,000

Amoeba dubia
670,000,000,000

Amoeba proteus
290,000,000,000

I 17
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- REPLIKASYON

aktarilmasini saglayacak replikasyon modeli

18
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DENGE YOGUNLUK GRADIYENTiI SANTRIiFUJLEMESI
(CsCl Gradiyenti Santrifiijlemesi)
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REPLIKASYON MODELI

s

. DNA CsCl Gradiyent
: Izolasyonu Santrifiljlemesi -
N1° jceren
Besi Ortami .
N4 iceren . DNA CsCl Gradiyent -
Besi Ortami Izolasyonu Santrifiijlemesi
1.Generasyon

: ~ DNA CsCl Gradiyent =
N4 iceren Izolasyonu Santrifiijlemesi
Besi Ortami

2.Generasyon

Meselson & Stahl’in gergeklestirdigi bu deneyler DNA replikasyonu’nun
Yari-koruyucu modele uygun olarak gerceklestigini ortaya koymustur

K.TURAN-2022
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CsCl Gradiyent
Santrifujlemesi

CsCl Gradiyent
Santrifujlemesi

CsCl Gradiyent
Santrifijlemesi

)

Messelson& Stahl.swf
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- REPLIKASYONA KATILAN ENZIMLER

e  DNA Pol. |
Bakteriler DNA Pol. Il

WRUARCLIl,
DNA Pol. a

Okaryotik Organizmalar DNA Pol. y

T4 DNA Pol.
—Virﬁsler T7 DNA Pol.
————

K.TURAN-2022
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Bir DNA kaliba gereksinim duxarlar

Renal Baglarlna pollmerlzasyon reakswonunu Bagla!amazlar, Blr

Hollmerlzasyonu gl-!' yonunae ka!alllz eaeglllllrler, yanlI serBes!
Ortamda dort gegit dNTP ve Mg*z ixonlarlnln bulunmasi gerekir
DNA Polimerazlarin gog u 3’-5’ ekzonukleaz aktivitesine sahigtir

M o nieraz < :
3 5° 5“5 Pol , 0N R RERREEREEERG

3\'IIIIIIIIIIIIIII5\ Bmﬂpohmeraz 3"...............5
+ )
—tdNIEler 24
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3'-5' ekzoniikleaz aktivitesine sahip olan
DNA polimerazlarin replikasyonda hata olugsma olasiligini
onemli dlglide disirir

Bu nedenle DNA sentezi 10-8-10-10 gibi yiiksek bir dogrulukta
gercgeklesir, bu da bakterilerde ortalama 1000 replikasyonda
bir hata anlamina gelir (ortalama bakteri genomu 4200 kbg)

Enzim Hata Oranlari

- ekz. + ekz.
DNA pol I 10-° 5 x10-7
DNA pol IIT 7 x10-¢ 5 x10-°
T4 DNA pol 5 x10-° 10-7

Reverz transkriptaz ~ 107° N

K.TURAN-2022




Bakterilerde Reilikas‘on

Hicre duvari

W

Kromozom Hicre zari

26
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E. coli'de Replikasyonda Is Goren Bazi Protein ve Enzimler

DNA pol. I (polA) - DNA hasarlarinin onarimi ve replikasyonda
primerlerin yok edilmesi ve olugan agikliklarin kapatilmasinda rol
alir (~400/hticre) (103 kDa).

DNA pol. IT (polB): DNA onarimi (90 kDa).

DNA pol. ITI (dnaE,dnaQ): DNA replikasyonu; Cok sayida
altbirinden olusur (10-20/hicre) (900 kDa).

Helikaz (DnaB) - DNA ikili sarmalinin agilmasinda rol oynar
Giraz - Ikili sarmal yapinin agilmasi ile olugan stresin
azaltilmasinda rol oynar.

SSB (single-strand binding protein) - DNA sarmali agildiktan
sonra DNA zincirlerine baglanir.

Primaz (dnaG) - RNA primerlerin sentezinde rol alir.

DNA ligaz -Kesikli DNA zincirlerleri arasinda fosfodiester

baglarinin kurulmasini saglar.
28

K.TURAN-2022




E. colide DNA polimerazlarin enzimatik aktiviteleri

DNA 5" » 3 3' > b 5' »> 3
plimeraz sentez ekzoniikleaz ekzoniikleaz
enzimi
DNA Pol T + + +
DNA Pol II + + -

DNA Pol III + + -

29
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Ori C

N N A E Y D Y Y B Y

v v
" Tekrarlavan Diziler (13 bp)

GATCTNTTTATTT TGTGGATAA
GATCTNTTNTATT TTATACACA
| GATCICTTATTAG TTTGGATAA

I 30
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Bazi organizmalarda replikonlarin karsilastirilmasi - (Lewin'denTable 14.1)

Organizma Replikon sayisi  Replikon boyutu  Replikasyon hizi
(bg/rep. gatalr)
E. coli 1 4,600 kb 50,000 b¢/dk
S. cerevisiae 500 40 kb 3,600 bg¢/dk
D. melanogaster 3,500 40 kb 2,600 bg/dk
X. laevis 15,000 200 kb 500 b¢/dk
M. musculus 25,000 150 kb 2,200 b¢/dk

31
K. TURAN-2022




Replikasyon / \ = /\

Replikasyon
) catali

""""""

Primer /

Okazaki 32
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replication .

/ / forks ~ ._\,:j_.;\; !

MBC-Fig.5-6 T —
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E. coli DNA polimeraz 111 kompleksi
(Shevelev and Hubscher, 2002)

Nature Reviews | Molecular Cell Biology
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Helikaz
(dnaB)
RNA
Primaz Primer
DNA Pol. Il ‘
' Okazaki
kompleksi Okazakd,
DNA Pol. |
DNA Ligaz
7Y RNA Primer
? 4
0. 04 Okazaki Kalip DNA
0 @ fragmenti
3 ¢ s
5 YR
* 9
* 9
* 9
L 3 . 5
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Kesiksiz

zincir

3’

DNA
Polimeraz il

Article in Nature Reviews Microbiology

11(9) - 627-638 July 2013




DNA pol I Okazaki

Kesintili | RNA primer fragmenti
esinTili '
ZinCir—ﬁl— A*:S

Kalup —»W ,
zincir 3 5

\’
-,’

5’ ! — 3'

3 w 5

3 5'
v\

i 3’

3 365’
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Ligasyon

T4-DNA ligaz (ATP)
E. coil-DNA ligaz (NAD)

o
/\ -P-O- (NAD ya da ATP)

DNA ligaz 0 O
S__0-P=0
5' 3' - OH O - 5' 3’
3 5
Ligaz + AMP + PPi
O, , 0 fosfodiester bagt
. P
B 3 O ‘ O 5 3’
3 J

37
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OKARYOTIK ORGANIZMALARDA REPLIKASYON
S

Sentez

S

61 Hiicre
G2 Béliinmesine
hazirhk
M

Mitoz

4C

DNA Miktari
N
)

61 S| 62 M 61 S| 62

Zaman

OKARYOTIK HUCRELERIN YASAM DONGUSU

K.TURAN-2022
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Interphase

9 Hours
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Okaryotik DNA polimerazlar

Enzim a (I) 5 (III) e (IT) B Y
Lokalizasyon nukleus nukleus nukleus nukleus mitokondri
' Primer ' :

Islev sentos ve replikasyon | onarim onarim replikasyon
replikasyon

3'-5' ekzo- Yok Var Var Yok Var

niikleaz aktiv.

K.TURAN-2022
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Yeni Replikasyon Kali Replikasyon
sen;ﬁ‘zcliernen |:’or-ijin’ll zincﬁ" pgatal)ll

N
ol LLLLCLL LU DL DL L LU LU LU LU L L L L L L L L L L] ]

N

Yeni olusan DNA molekiilleri 41
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3 nolu kromozom
(S. cerevisiae)

replikasyon orijini

] AN

N\

telomer sentromer telomer
(|) 1(|)O 2|OO 3?0

nikleotid ¢ifti (x1000)

MBC, 4th edit. -Fig. 5-37

42
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Telomer, Telomeraz, Telomer replikasyonu

paremtal strand 3
I TTGGGGTTGGGGTTGGGGTTG
E=====]AAC
- cc C\ incomplete, newly synthesized lagging strand
TELOMERASE
BINDS
| —TTGGGGTI’GGGGTI’GGGG'ITG direction of
1 EEAACCCC telomere
5 synthesis
TELOMERASE 3 » >
E:‘g&:&?ﬂi.ﬁg‘g telomerase wnth bou nd RNA template
DNA synthesis)
3 @&
I TTGGGGTTGGGGTTGGGGTTGGGE TTGGGGTTG
I_AACCCC
COMPLETION OF
LAGGING STRAND
BY DNA POLYMERASE |
{DNA-templated
DNA synthesis) ¥
_TTGGGGTTGGGGTTGGGGTTGGGGTTGGGGTTG
T EEAACCee >CCAACCCCAACLCCC
Gl
DNA
polymerase

MBC, 4t edit. -Fig. 5-37

Insan Telomer Dizisi: TTAGGG 43
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Telomere Length (kb)

S G e
o N A OO

Lymphocytes

4 — 50th percentile
— 10th percentile
| — 1st percentile

— 99th percentile
— 90th percentile

\
\

o N A O @

0 10 20 30 40 50 60 70 80 90 100

Age (years)
Average telomere length in relation to age.

Modified from J. Exp. Med. 2014 Vol. 211 No. 13.
PIK3R1 mutation augments PI3K signaling in new PID | Lucas et al.

I 44




Okaryotik bir hiicrenin interfaz (61) nukleusunun sematik kesiti

DMA and associated
— _ proteins (chromatin)

e R s E—

endoplasmic

reticulum . nucleolus

intermediate A microtubule

filaments

nuclear lamina

: outer nuclear membrane
' ' — ] nuclear envelope

Tum inner nuclear membrane

45
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Kromatin/Kromozom Yapisi

700-1000 nm Kromozom

y 3.0 nm .
B : Kromatin

*f.?"ii*iii Cgr s a AT E R R Nukleozom
ﬁt#"" PR MR L R ST DNA+2x(H2A+H2B+H3+H4)

R eI | L
u'l'_‘j' . x '

: -s‘“

50 nm

Cift Zincirli DNA
HISTONLAR w mmﬂ\{f\t‘{/ 2 nm MBC, Ivé.lfh edition
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Kromatin, Nukleozom ve Histonlar

(a) ,g

T
QWOS03|PNN

Y =
Core of 8 Histones

T
HISTONE TYPE MOLECULAR MOLAR RATIO
WEIGHT (Da)
H1 Lysine-rich 23,000 1
H2A Slightly lysine-rich 13,960 2 (b)
H2B Slightly lysine-rich 13,744 2
H3 Arginine-rich 15,342 2
H4 Arginine-rich 11,282 2
Table 2.1 Gene Control (0 Garland Science)

Kromatinin yapisinda H1, H2A, H2B, H3 ve H4
olarak adlandirilan dért farkh histon proteini
bulunun. Bu proteinlerin yapisi farl organizma

gruplarinda biiyiik élgiide korunmustur. Ikiser adet
HZA' HZB' H3 ve H4 Pr'oteinin yaklas,k 150 bg’lik Figure 2.12 Gene Control (© Garland Science)

DNA bélgesi ile olusturdugu komplek niikleozom A. H1 proteini varli§inda
olarak tanimlanir. Sekiz adet histon proteini histon ’
korunu olusturur.

B. H1 proteini yoklugunda




Hiicre Béliinmesi (MITOZ)

Profaz

¥ PROMETAPHASE

1 PROPHASE centrosome
fragments of
- —— . centr‘osome e nuclear enve|0pe
Intact forming at spindle —s
nuclear \ _ mitotic pole
envelope \ spindle

kinetochore

kinetochore chromosome ir

condensing replicated chromosome, consisting of microtibiile

two sister chromatids held together along their length

MBC, IV.th edition

*Nukleolus kaybolur, nukleus membrani bozulur

‘Replike olan kromatinler kisalip kalinlagir, kisalma sirasinda
kardes olan kromatinler bir arada tutulur

‘Mitotik ig iplikleri olusur

*Kinetokor olgunlagir

48
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Metafaz

3 METAPHASE

\\\\\\\\\\\\\\\\\\\\\\\

centrosome at spindle pole

kinetochore —
microtubule

-Iyice kisalmis ve kalinlasmis olan kromozomlar hiicrenin
orta bélgesinde ekvator diizlemi ya da metafaz plagi

adi verilen bélgede toplanir. Kromozomu olusturan her bir
kromatid sentromer bélgesi ile ig ipliklerine baglanir.

MBC, IV.th edition

49
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Anafaz

4 ANAPHASE

shortening
kinetochore
microtubule

' daughter chromosomes

" spindle pole
moving outward

€3

MBC, IV.th edition

‘Kardes kromatidlerin birbirlerinden ayrilip ig ipliklerinin
yardimiyla kutuplara ¢ekilmeye basladigi evredir. Bu evrede

kromozomlar tek bir kromatidden olusur ve yapilarinda tek
bir DNA molekiili tasirlar.

K.TURAN-2022
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Telofaz

5| TELOPHASE

set of daughter chromosomes
_ at spindle pole

- contractile ring
W— : starting to form

overlap # centrosome

. W‘k\::”“\\\x;»:\~~&.‘,««\\-:':\\‘>““' 4
microtubules : nuclear envelope r{

around individual d

MBC, IV.th edition

*Birbirlerinden ayrilan kromozomlarin kutuplara erismesi ile
telofaz evresi baslar. Bu fazda profaz evresinin tersi olaylar
gergeklesir. Kromozomlar kromatin seklini alir ve nukleus zari
yeniden olusmaya baslar.

K.TURAN-2022
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Sitokinez

completed nuclear envelope
surrounds decondensing

contractile ring /

. re-fq
creating cleavage arra
furrow by

Al
.

.
- i
¢ Lem
.
\...
‘-
5
"
» -
. .
. -
£
:

:

.
-

.

-

MBC, IV.th edition

‘Mitoz béliinmede stoplazma béliinmesini ifade eder. Hayvan
hiicrelerinde bogumlanma seklinde gergeklesir.

K.TURAN-2022
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MAYOZ BOLUNME
‘Mayoz bélinme esey hiicrelerini verecek olana ana hiicrelerde meydana gelir.

*Bu hiicreler ardi ardina iki bélinme gegirerek haploit genoma sahip gametleri
olustururlar

*Mayoz béliinmede hiicreler, Mayoz I ve Mayoz IT olarak tanimlanan iki béliinme
gegirirler. Her bir balinme Mitoz bdlinmede oldugu gibi

* Profaz,
* Metafaz
* Anafaz

* Telofaz
evrelerinden olusur

I. Mayoz bélinmede profaz evresi (Profaz I)

*Leptoten - kromozom kondenzasyonu baslar

*Zigoten - homolog kromozomlarin eslesmesi (bivalentlerin olusmast)
*Pakiten - krossing-over olayi gergeklesir

*Diploten - Bivalentlerde homolog kromozomlar ayrilmaya baslar

*Diakinez - kromozomlarda maksimum kisalma ve kalinlagsma gordlir
53
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MITOZ-MAYOZ

DUPLICATED
CHROMOSOMES

LINE UP INDIVIDUALLY
ON THE SPINDLE

MITOZ

@

DNA REPLICATION |

|

/KCELL DIVISION

MEIOTIC DIVISION |

MEIOTIC DIVISION I

h N

MAYOZ

paternal
homolog

- maternal
homolog

®

| DNA REPLICATION

®

l PAIRING OF DUPLICATED
HOMOLOGOUS CHROMOSOMES

l BIVALENTS LINE UP ON
THE SPINDLE

CELL
DIVISION II

gametes
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-« Krossingover

Mayr agamalar v

Mitoz-Mayoz.swi

MBC, IV.th edition
54




Mayoz T

Mayoz IT

e

Primer
Spermotosit
(Diploit-2n)
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Spermotit

Sperm
Hiicreleri
(Hoploit-n)
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Primer Oosit
(Diploit-2n)

K.TURAN-2022
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Sekonder Oosit |

W/
|

Polar cisim

Mayoz IT

Polar cisimler Yumurta Hicresi
(Haploit-n)
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Non-disjunction (Homolog kromozomlarin ayrilmamasi)

Nondisjunction = Second division
at first division

n+1

i
g

First division Nondisjunction
at second division

/ 4
00
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Anaphase-lag: Mayoz
boliinme sirasinda
kromozomlardan birinin
kaybolmasi

S7




Bakteri |er'3e“

Mepl asyon tek bir noktadan baslamakta ve u nedenle
DNA sentezi (replikasy: repli asyon, hicrenin tim ya;'am aongusu

. | tmektedi
Wepl asyon replikasyon orijinin en her iki yone dogru ve yone dogru ve
siirekli, digerinde kesikli olarak gerceklesmekte ve kesikli
sentez sonucu olusan fragmentler Okazaki fragmentleri

58
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ORar'xofiF Organizma|araa"

Regi asyon birden fazla noktadan bag amakta.

MQ ezi (replikasyon) hiicre yasam dongtsinde sadece

!CEIIRGSYOHG RGIIIGH eHZlm ve BI"OICIH !0!'0!"'2!“ al§lHaﬂ
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ADENOVIRUS' LERDE

REPLIKASYON
N O I 5.
5\(TP 3
3“_\ l 5
5\LLLU'L> NIRRT e—
5 N
Viral DNA
Polimeraz
3 5
o AT 5,
3 5
o T
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3

DNA

DNA

DNA

INFLUENZA VIRUS' LERDE

REPLIKASYON
3
Viral RNA
Polimeraz
v
5
Viral RNA
Polimeraz
v
5
L] L L
e < L
N—
3
3
3

5" Viral RNA

3" ¢ RNA
3
5

5

g‘ Viral RNA
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POLYMERASE CHAIN REACTION
POLIMERAZ ZINCIR REAKSIYONU
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PCR

PCR, basit olarak niikleotid dizisi bilinen iki bélge
arasindaki DNA fragmentinin in vitro kogullada
enzimatik olarak c¢ogaltilmasidir.

Bir biri ardigik gergeklestirilen reaksiyonlar

sonucunda ele alinan DNA fragmentinin bol
miktarda kopyas: elde edilir.

DNA Sentezi Icin Temel Gereksinimler

* Kalip DNA

- DNA polimeraz

° /v1£?+4k

- Oligoniikleotid Primerler
- dNTPs

62
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Enzymatic Synthesis of Deoxyribonucleic Aecid

XXVI. PHYSICAL AND CHEMICAL STUDIES OF A HOMOGENEOUS DEOXYRIBONUCLEIC ACID

POLYMERARE®

(Received for publication, November 6, 19658)

Tuomaz M. Jovin,} Pavr T. Exvcrown,§ anp LeRovy L. BeErTscH
From the Department of Biochemistry, Stanford University School of Medicine, Stanford, California 94305

SUMMARY

A new purification procedure for Escherichia coli DNA
polymerase yields about 10 mg of homogeneous enzyme per

kg of cell paste, with exonuclease 111 as a by-product. DNA
polymerase consists of a single polypeptide chain of molecular
weight 1.09 3 10°% This tentative conclusion is based on (a)
an unchanged molecular weight after unfolding in solutions
containing guanidine hydrochloride and mercaptoethanol, (1)
the presence of approximately one residue of NHi-terminal
methionine, and (¢) the presence of a single zone on poly-
acrylamide gel electrophoresis in a denaturing solvent at
several pH values. The enzyme contains one disulfide bond
and a single reactive sulfhydryl group, which can be modified
by iodoacetic acid without change in either polymerase or its
associated exonuclease activity. There isless than one phos-
phorus atom per molecule, thus minimizing the possibility of
enzyme-associated nuocleotide material in stoichiometric

amounts.

tentative conclusion is that the enzyme consists of a single poly-
peptide chain. The following paper deals with the effects of
chemical modifications of the polymerase moleenle (2).

EXPERIMENTAL PROCEDURE

Materials

Nucleotides and Nucleic Acids—Unlabeled deoxyribonucleoside
triphosphates were purchased from various suppliers and puri-
fied when necessary. o-®P-dTTP wasz prepared as previously
deseribed (3), except that y-#P-dATP was used in the thymidine
kinase reaction. *H-dTTP was purchased from Schwars Bio-
Research. Calf thymus DNA, isolated according to the pro-
cedure of Kay, Simmons, and Dounce {4), was “activated”
aceording to the method of Aposhian and Komberg (5). Poly
d{A-T)* was prepared by the method of Bchachman et al. (6),
with either unlabeled substrates or *H-dT'TP. Concentrations
of nuecleic acids are expressed as equivalents of nucleotide phos-
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Deoxyribonucleic Acid Polymerase from the Extreme
Thermophile|Thermus aquaticus

ALICE CHIEN, DAVID B. EDGAR, anp JOHN M. TRELA*
Department of Biological Sciences, University of Cincinnati, Cincinnati, Ohio 45221

Received for publication 12 April 1976

A stable deoxyribonucleic acid (DNA) polymerase (EC 2.7.7.7) with a tempera-
ture optimum of 80°C has been purified from the extreme thermophile Thermus
aquaticus. The enzyme is free from phosphomonoesterase, phosphodiesterase,
and single-stranded exonuclease activities. Maximal activity of the enzyme
requires all four deoxyribonucleotides and activated calf thymus DNA. An
absolute requirement for divalent cation cofactor was satisfied by Mg** or to a
lesser extent by Mn?*. Monovalent cations at concentrations as high as 0.1 M did
not show a significant inhibitory effect. The pH optimum was 8.0 in
tris(hydroxymethyl)aminomethane-hydrochloride buffer. The molecular weight
of the enzyme was estimated by sucrose gradient centrifugation and gel filtra-
tions on Sephadex G-100 to be approximately 63,000 to 68,000. The elevated
temperature requirement, small size, and lack of nuclease activity distinguish
this polymerase from the DNA polymerases of Escherichia coli.
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PCR

Taqg DNA polimeraz

Thermus aquaticus
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: Science [ 1988 [Jan 29:239(4839):487-91. Related Articles, Links

Primer-directed enzymatic amplification of DNA with a thermostahle
DNA polymerase,

Saiki RK. Gelfand DH., Stoffel 5, Schart 5J. Hizuchi R, Horn GT. Mullis KB, Erlich
HA.

Cetus Corporation, Department of Human Genetics, Emeryville, CA 94608,

A thermostable DN A polymeraze was used in an in vitro DNA amplification procedure | the
polymerase chain reaction. The enzyme, 1solated from Thermus aquaticus, greatly
aimplifies the procedure and, by enabling the amplification reaction to be performed at
higher temperatures, significantly improves the specificity, yvield, sensitivity, and length of
products that can be amplified. Single-copy genomic sequences were amphtied by a factor
of more than 10 mallion with very high specificity, and DNA segments up to 2000 base
pairs were readily amplified. In addition, the method was used to amplify and detect a

target DMNA molecule present only once in a sample of 10(5) cells.

PMID: 2448875 [PubMed - indexed for MEDLINE]
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PCR

-DENATURASYON
-BAGLANMA (ANNELING)
-SENTEZ
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BASLAMA

95°C

Tm + (2~4°C)

A I 4
T, T,
el
el
el
A I 4
5‘W3‘
5 3 3 5
K sErEEEEEEREREEESEE R EEEEE Ry
T
T

Kalip DNA

Primerler

Denatiirasyon

Baglanma
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Tm + (2~4°C)

72-74°C

25-35 Déngii

PCR

Baglanma

Sentez

PCR Uriinleri
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PCR
1

20 Baglama -1

2! 1.Déngii-2

22 Dongii-4

IIIIIIII

23 "l IIIIIIII""
ongli-
HITHII

on i-1
IIIIIIIIII
on i-3
IIIIIIIIII

PCR sonrasi elde edilecek DNA kopya sayisi [(2"-2n).N] formiiliinden hesaplanabilir.
n - PCR dongti sayisi, N - orijinal kalibin kopya sayisi 7
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SICAKLIK

PCR-EVRELERI
DENATURASYON DENATURASYON
94-95°C 94-95°C
SENTEZ
72--74°C
RENATURASYON
45-65°C
3-4dk. R _1dk 2-3dk . 0.5dk
ON DENAT. R 1. DONGU -t >

2.DONGU

ZAMAN (dakika)

4]

Pcr.swf
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Thermal Cyclers
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peraturu
emperature)

PCR

*Primer Baglanma Tem
(Annealing
*Mg?* Konsantrasyonu

Tm

m! 50 52 54 586 58 60!

IN WMIA
20BN WW 0
26N WW 0
20BN Ww G'E
296 Ww S'€
2106\ Ww 0'e
306 Ww 0'€
206 Ww 62
906\ Ww 62
2106 Ww 02
206\ Ww 02
206\ Ww g1
406 Ww ¢'L
496\ Ww 01
206 Ww 0'1
406 Ww g0
436w Ww g0

406l Wuw o
406w ww o
IN WM
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Gercek Zamanh (real time) PCR
Kantitatif PCR (gPCR)
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Amplification

6000 + :

5000 -

RFU

4000 4

2000 4

Cycles

Melt Curve

eplk@

EpisoZyme gPCR Mix (x2)

Temperature, Celsius

A KFUp

Standard Curve

15 20 25 3.0 3.5 4.0

Log Starting Quantity

o
A

Siandard
Unknawn
EYER

E= 95 4% R 2=0.998 Slope=-3.350 y-IM=30913

Melt Peak

Temperature, Celsius
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PCR

Uygulamalar

Tani (mutasyonlar, infektif ajanlar)

HLA ya da kan grubu tiplendirmeleri

Gen klonlama ve seleksyon ¢caligmalari

Dizi analizleri

In vitro mutagenez

Doku ya da hiicrelerde mRNA miktar tayinleri
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Yasam (canli) nedir?

Dogada bilginin aktarim seklidir.

K. Turan (2021)

Bu mekanizmanin temel araclar: birbirleri ile etkilesim halinde
¢alisan niikleik asitler (DNA/RNA) ve proteinlerdir.
(Replikasyon/Gen ekspresyonu)
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