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Replikace, transkripce



Nukleova kyselina

* gen — zakladni
jednotka informace v
zivych systemech,

Replication DMA
Se g m e nt D N A Transcription Revers_e .
koddujici informaci rensenpren
RENA

potrebnou pro

produkci funkcniho Translation
biologickeho produktu Protetn
(vetsinou proteinu)



DNA vs. RNA

 DNA — ulozeni a prenos biologicke
informace, nutné pro syntézu funkcniho
produktu (proteinu Ci RNA)

 RNA - sirsi spektrum uplatneni
— rRNA — soucast ribosomu

— MRNA — prenos informace z jednoho Ci vice
genu do ribosomu

— tRNA — adaptorove molekuly pro prenos
Informace z mMRNA do sekvence AK



Nukleotidy

* 3 slozky
— dusik obsahujici baze (purin Ci pyrimidin)
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FIGURE 8-1 Structure of nucleotides. {a) General structure showing Pyrimidines
the numbering convention for the pentose ring. This is a ribonu-
clectide. In decxyribonuclectides the —OH group on the 2 carbon FIGURE 8-2 Major purine and pyrimidine bases of nucleic acids.
(in red) is replaced with —H. {b) The parent compounds of the pyrim- Some of the common names of these bases reflect the circumstances
idine and purine bases of nucleotides and nucleic acids, showing the of their discovery, Guanine, for example, was first isolated from guano

numbering conventions, (bird manure), and thymine was first isolated from thymus tissue.



Nazvoslovi

TABLE 8-1 Nucleotide and Nucleic Acid Nomenclature

Base Nucleoside Nucleotide Nucleic acid

Purines

Adenine Adenosine Adenylate RNA
Deoxyadenosine Deoxyadenylate DNA

Guanine Guanosine Guanylate RNA
Deoxyguanosine Deoxyguanylate DNA

Pyrimidines

Cytosine Cytidine Cytidylate RNA
Deoxycytidine Deoxycytidylate DNA

Thymine Thymidine or deoxythymidine  Thymidylate or deoxythymidylate  DNA

Uracil Uridine Uridylate RNA




Minoritni baze v DNA a RNA

Neobvyklé €i modifikované baze mivaji regulaéni €i ochrannou funkci.
DNA: methylované formy obvyklych bazi

RNA: hlavné v tRNA

Bunky mohou obsahovat nukleotidy s fosfatem v jiné pozici nez C.
Pr: ribonukleosid 2,3 — cyklicky monofosfat
adenosin 3,5 — cyklicky monofosfat (CAMP)
guanosin 3,5 — cyklicky monofosfat (cGMP)
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FIGURE 8-11 Hydrogen-bonding patterns in the bass pairs detined

by Watson and Crick. Here as elsewhere, hydrogen bonds are
represented by thres blue lines.



Fosfodiesterova vazba.

Vyskytuje se mezi naslednymi nukleotidy v NK.
Stejna u DNA i RNA.

DNA d d RNA , . . . . .
'Z’l,E" i’l,E" 5°- fosfatova skupina jednoho nukleotidu se
“o—p=0 “o—p=0 vaze ke 3 ’hydroxylové skupiné dalSiho
Q Q nukleotidu.

Konvence: struktura jednoho retézce NK je
d 3' P p ,
phospho- [N & on psana s 5’koncem vlevo a 3’koncem vpravo.
o i

diester
linkage

Vznika tak pater DNA, tvorena fosfatovymi
a pentosovymi zbytky — dusikaté baze
jsou napojeny jako postranni retézce.

Fosfatova skupina je negativné nabita




Model struktury naznacuje mechanismus
predavani genetické informace.

DNA je dihelix (sekundarni struktura)

Hydrofilni kostra je orientovana ven, baze jsou
uvnitr dihelixu.

Retézce jsou navzajem antiparalelni

Ve strukture je patrny velky a maly zlabek.
Formy DNA

B-forma: pravotociva
10 bazi / otocka

A-forma: pravotociva
11 bazi / oto€ka

Z-forma: levotociva
12 bazi / otocka
Pouze 1 zlabek

Parent Daughter Parent
strand strands strand A form B form



Zvlastni sekvence DNA

P"’L'K‘\"dm'"e Palindromni sekvence: sled znaki, které se
"df rTrTAeccAccTccTAA  Ctou stejné zleva doprava jako zprava doleva
TR T e T cleweewsy — tedy usek dvoujSroubovice, jehoz poradi

bazi je v obou vlaknech totozné, ale pri
protismérném ¢teni. Obvykle cilové sekvence

Miivor Fepést pro restrikéni endonukleasy.
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Mohou tvorit vlasenky a krfizové formy (jsou

Zrcadlova sekvence sama se sebou samy k SObé komplementérni).

vlasenku netvofi.
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Geny a chromosomy

Genom - uplna geneticka informace organismu — soubor vSech
chromosomalnich genti daného organismu.

Gen — usek molekuly DNA obsahujici informaci pro synthesu
funkéniho biologického produktu (polypeptidu €i RNA se
strukturni ¢i katalytickou funkci).

Chromosom - utvar tvofeny DNA a basickymi proteiny
(histony), obsahujici zakladni geneticky material bunky.
Biologicky druh obsahuje pro néj typickou sadu chromosomiu.
Lidska somaticka bunka obsahuje 46 chromosomui.

Centromera — sekvence DNA zajiSt'ujici béhem bunééného
déleni vazbu proteint, které vazi chromosom k mitotickému
vieténku — nezbytné pro déleni chromosomalnich sett do
dcefinnych bunék.

7-9'0'“9“’- Centromere ____ Telomere Telomera — Gseky na koncich
TN/ = eukaryotnich chromosomil, napomahaji
\ / jeji stabilizaci — obsahuji repetitivni
Unique sequences (genes), dispersed repeats, sekvence. Neprobiha u nich oby€ejna
and multiple replication origins replikace, tyto sekvence pﬁdéVé

telomerasa.



Two
chromatids
(10 coils each)

One coil
(30 rosettes)

One rosette
(6 loops)

One loop
(~75,000 bp)

30 nm Fiber

“Beads-on-
a-string”
form of
chromatin

DNA

/  scaffold

Struktura chromosomu

Histone core Linker DNA

of nucleosome of nucleosome

Chromatin
Sestava z vlaken obsahujicich protein a DNA.
DNA je zde tésné asociovana s proteiny (histony),
které ,,bali“ DNA a usporadavaji ji do strukturnich
jednotek = nukleosomu.

Histony — malé basické proteiny (velky podil Arg a
Lys) — eukaryotni organismy obsahuji 5 trid
histonu.

Ovinuti DNA kolem histonu zkracuje molekulu
DNA cca 7x. Celkové zkraceni vchromosomu je
ovsem asi 10 000x.



Replikace

“kopirovani”
semikonzervativni
DNA polymerasa

prokaryota — jeden
pocatek replikace
eukaryota — vice
pocCatku na jednom
chromozomu

DMNA extracted and centrifuged
to eguilibrium in CsCl

density gradient

(a)
Heavw

DNA (15N) —

Hyhrid DINA

(b  (15y_ldp —

Light
DNA (141N

(e} Hybrid DNA—

=
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=
oy

Original parent
maolecule

First-generation

daughter molecules

4

i

Becond-generation

daughter molecules

FIGURE 25-2 The Meselson-Stahl expenment. (a) Cells were grown
for many generations in a medium containing only heavy nitrogen,

'*N, so that all the nitrogen in their DINA was '°N, as shown by a sin-
gle band (blue) when centrifuged in a CsCl density gradient. ih) Once

the cells had been transferred to a medium containing only light ni-

trogen, "N, cellular DNA isclated after one generation equilibrated

at a higher position in the density gradient (purple band). (¢} Contin-

uation of replication for a second generation yielded two hybrid DNAs

and two light DNAs (red), confirming semiconservative replication.



prokaryotni DNA polymerasy

| II 111
5 —37 syntesa + + +
—5° exonukleasova aktivita |+ + +
oplava chyb
5¢‘—3 exonukleasova aktivita + - -
odstraneni sparovane RNA
funkce opravy, replikace |opravy |replikace
pocet v bunce 400 100 20
pocet piipojenych nukl./min. 600 30 9000
eukaryotni DNA polymerasy
o B Y O
lokalizace jadro jadro mitochondrie |jadro
5’—3’ syntesa + + + +
3‘—>5° exonukleasova |+ - + -
aktivita
oprava chyb
5¢‘—>3’exonukleasova - - - -
aktivita
odstranéni sparovane RNA
funkce replikace opravy replikace replikace
jaderne DNA |jaderne  |mitochondrialni|jaderne
opozduyjici se DNA DNA DNA
ret. vedouci fet’.




Proteiny potiebné pro replikaci

PROKARYOTA

EUKARYOTA

DNA polymerasy

III, III

DNA

ligasa

spojovani Okazakiho fragmentu

spojovani Okazakiho fragmenti

DNA helikasa

odvijeni komplementarnich retézcn
vice typu, komplex s primasou

odvijeni komplementarnich fetézcn

primasa

syntesa RINA primeru
v komplexu s helikasou. aktivace

syntesa RNA primeru
v komplexu s DNA polymerasou o

RNAsa

- (jeji funkei ma polym. I)

odstranéni primeru

gyrasa

zména nadsroubicovych zaviti

telomerasa

dopolymerizvani 5°-konce, nahrazeni
primeru

SSB proteiny

ochrana a stabilizace jednofetézcove
DNA

ochrana a stabilizace jednofetézcove
DNA




Mechanismus replikace

protein DnaA se navaze na pocatek replikace (ori)

helikasa se navaze pred misto pro tvorby replikacni vidlicky a zaCne tvorit
jednoretézcove DNA

na jednoretézcové DNA se vaze protein SSB, brani opétovné asociaci
vazba primasy, syntesa RNA primerU

vazba dimeru DNA polymerasy Il k pocatku replikace, extenze RNA
primeru

kontinualni prodluZzovani vedouciho fetézce, tvorba Okazakiho fragmentu
na opozdujicim se retézci, DNA polym Il

nahrazeni RNA primert DNA pomoci DNA polymerasy | na opozdujicim
se fetézci

spojeni Okazakiho fragmentt DNA ligasou

terminace na specifickych sekvencich, vazba Tus proteinu, inhibuje
helikasu a tim zastavi postup vidlice.

postreplikaCni upravy — methylace
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Direction of movement q!

of replication fork
Okazalki
fragments 'I-. 5 3’

g Lagging
5 strand

FIGURE 25-4 Defining DNA sirands at the replication fork. A new
DMA strand ired) is always synthesized in the 5'—3" direction. The
template is read in the opposite direction, 3'—=5'. The leading strand

5-’
3-’

DMNA polymerase I
DNA polymerase
active aite

——3'=5' (proofreading)
exonuclease
active gite

Bl c:ig‘ OB\ g0 @iﬂ a rare tautomeric
Wﬁoﬁ form of cytosine (C*)
that pairs with A and
the growing strand.
ot Before the polymerase
EO%O‘% moves on, the cytosine
[l undergoes a tautomeric
S oo ool totae L. maw mdsotideisnow.

new nuecleotide 18 now
mispaired.

l The mispaired 3'-0H
end of the growing

W * strand blocks further
elongation. DINA
polymerase shides back
Seloiotolofotolor. ioyoton he

mispaired bage in the

is continuously synthesized in the direction taken by the replication
fork. The other strand, the lagging strand, is synthesized discontinu-
ously in short pieces (Okazaki fragments) in a direction opposite to
that in which the replication fork mowves. The Ckazaki fragments are
spliced together by DMA ligase. In bacteria, Okazaki fragments are
~1,000 to 2,000 nucleotides long. In eularyotic cells, they are 150 to
200 nucleatides long.

active site.

1 =5 exonuclease

OH U\é
OOy The mispaired
L L

forward and resumes its
polymerization activity.

=

1 DMNA polymerase slides

[T T
Seloteiotoloslo olotolololoteT

FIGURE 25-T An example of error correction by the 3'=5" exonu-
clease activity of DNA polymerase 1. Structural analysis has located
the exonuclease activity ahead of the polymerase activity as the en-
zyme is oriented in its mavemant along the DNA- A mismatched base
(here, a C-A mismatch) impedas translocation of DMA polymerase |
to the next site. Sliding baclkward, the snzyme carmects the mistake
with its 3'—3" exonuclease activity, then resumes its polymerase ac-
tivity in the 5'—=3" direction.



Direction of fork movement

DNA gyrase

Helicase

Single-strand
binding groteins
(SSB)

DNA pol |
DNA ligase

din Lagging
L;?a,;dg strand

Second primer

Lagging strand

Leadingstrand | Okazaki fragments template

template

DNA pol 1l First primer

[ Primer
.-

Figure 17.14. Schematic illustration of events at the replication fork in discontinuous DNA replication.

Supercoiled
template

Priming and
replication

FIGURE 25-12 Model for initiation of replication at the E coli ori-
gin, oriC. (D About 20 DnaA protein molecules, each with a bound
ATP, bind at the four 9 bp repeats. The DNA is wrapped around this
complex. @) The three A=Twich 13 bp repeats are denatured se-
quentially. @) Hexamers of the DnaB protein bind to each strand,
with the aid of DnaC protein. The DnaB helicase activity further un-
winds the DNA in preparation for priming and DNA synthesis.



Transkripce

* syntesa RNA

e prokaryota
— enzym DNA-dependentni RNA polymerasa
— transkripéni jednotka — operon (fizeno promotorem a operatorem)
— promotory jsou si podobné, afinita k RNA polymerase
— RNA polymerasa — holoenzym tvoren podjednotkami
* o - stabilita komplexu
* [ - vazba ribonukleotidi na polymerasu
* B’- vazba k DNA
* o - vazba k promotoru
* rozdily u eukaryot
— neni organizace genu v operonech
— 3 RNA polymerazy, specifické
* | —pre-rRNA
* II- pre-mRNA, malé rRNA
* Il — pre-tRNA, malé rRNA

— regulace transkripce neni pres operator ale enhancerove a silencerove
sekvence pred vlastni prepisovanou oblasti

— mnohem komplikovanéjsi
— oddeéleni transkripce a translace



Transkripce

* |niciace
— vazba o podjednotky na komplex a3’
— vazba holoenzymu na oblast nad promotorem

— posun polymerasy na promotor, rozpoznani
sekvence, rozvolnéni DNA fretézcu

— vazba ATP na holoenzym
— syntéza retézce RNA (po spojeni prvnich asi 4
nukleotidu odpadne o podjednotka)
« Elongace
— postup polymerasy podél retezce, syntesa RNA



Transkripce

 terminace

— nezavisla na p faktoru

* po rozpoznani terminacni sekvence tvorba vlasenky, polymerasa se
zastavi a komplex se rozpadne na DNA, RNA a polymerasu

— zavisla na p faktoru

» p faktor se vaze na RNA, postupuje smérem k polymerase, kdyz se
polymerasa na terminatoru zastavi, dojde ke kontaktu, uvolni se RNA a
nasledné i polymerasa, spotfeba ATP

« posttranskripCni modifikace — u eukaryot
— tvorba ¢epicky na 5°konci — ochrana pred hydrolysou

— polyadenylace na 3°konci — ochrana pred hydrolysou a pro transfer
do cytoplasmy
— sestrih — vystfihani intronu z hnRNA, dva mechanismy
s vyuzitim proteinu — rozpoznaji specifické sekvence, vytvofi smycku a
vystfihnou nezadouci Cast
« samosestfih — RNA s katalytickou aktivitou, nepotfebuje proteiny
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First letter of codon (5’ end)

l Second letter
of codon
>
1] C A G
UUlCJ Phe UchJ Ser UAg Tyr UGlCJ Cys DNA (kodujici fetézec):
Uu Ph UcC S UA T UG C
u i & z Y* | ATG CAT AAAAGG TCC TAA

UUA Leu |UCA Ser [ UAA Stop |UGA Stop
UUG Leu |UCG Ser [UAG Stop (UGG Trp

CUU Leu|CCU Pro|CAU His|CGU Arg mMRNA:
CUC Leu|[CCC Pro|CAC His|CGC Arg .
C AUG CAU AAAAGG UCC UAA
CUA Leu|CCA Pro|CAA GIn |[CGA Arg
CUG Leu|CCG Pro|CAG GIn |CGG Arg

AUU lle | ACU Thr | AAU Asn [AGU Ser : )
AUC lle| ACC Thr| AAC Asn |AGC Ser antikodon:

A
AUA lle| ACA Thr| AAA Lys |AGA Arg UAC GUA UUU UCC AGG AUU
AUG Met | ACG Thr| AAG Lys ([AGG Arg
GUU Vval | GCU Ala|GAU Asp [ GGU Gly _

" GUC Val [ GCC Ala|GAC Asp | GGC Gly protein:

GUA Val|GCA Ala|GAA Glu|GGA aly | MetHisLysArg Ser
GUG Val |GCG Ala|GAG Glu|GGG Gly




