GENOVE TECHNOLOGIE

Replikace a syntéza DNA:
Replikace DNA u eukaryot a prokaryot, opravné procesy, in-vitro syntéza DNA (PCR, reverzni transkripce).
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Replikace DNA

— Zachovani integrity organismu vyZzaduje kompletni identickou replikaci genomu
— Rozvinuti dvousroubovice, tvorba Y-replikacni vidlice

— Zacina na chromosomu ve specifickém misté oznaCovaném ori (origin of
replication)

— ori misto obvykle obsahuje vysoky podil AT bazi

— Komplementarni fetézec je syntetizovan komplexem faktort a enzymu
nazyvanych replizom

— DNA polymeraza syntetizuje pouze ve sméru 5° — 3’
- vedouci vlakno se syntetizuje kontinualne
- spozduijici se vlakno pomoci Okazakiho fragmentu
- jednotlivé fragmenty na opozdujicim se vlakné jsou spojovany DNA ligazou

— Tento zpUsob replikace nazyvan semikonzervativni replikace
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Replikace DNA

— DNA ma nad Sroubovicoveé vinuti

— Nutnost relaxace (gyraza) a rozvinuti dvousroubovice DNA

(helikadza)

— Rozvinuté retezce udrzovany pomoci single-stranded binding
proteins (SSB) PNV

— Pohyb DNA polymerazy — vice pozitivnhiho nad Sroubovicového \f f? Lg
vinut W“\/\;ﬁ/\y\/\\;

— Po replikaci cca. 5% bakterialniho genomu nutno odstranovat
pomoci gyrazy SN S

_ V ramci replikace kruhovych chromozomu miiZe dojit ke katenaci ¢ S T 9
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Replikace DNA

— Na pocatku replikace RNA polymeraza nazyvana primaza nahrazuje SSB proteiny a syntetizuje kratké
RNA primery (11-12 b)

— Bakterialni chromozom je replikovan prevazné pomoci DNA polymerazy Il
— DNA je uzamcena do posuvné svorky pomoci vkladaciho komplexu

— Nasledné svorky vazi hlavni enzymy pro replikaci — syntetizujici a-podjednotka, korek¢ni e-podjednotka a
stabilizaCni 6-podjednotka
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Synteza opozdujiciho retezce

Okazaki RNA primer Okazaki
fragment ¢ fragment

— Nese celou fadu zlomu, segmentd s RNA nebo
mezer

New DNA s> POl | movement
nucleotides
inserted

— DNA polymeraza | odstranuje RNA a dosyntetizovava
fetézec ,

— RNA muze byt rovnéz odstranéna RNasou H
(odstrariuje RNA z heteroduplexu) Dicirdod

— Vysledné fragmenty jsou spojeny DNA ligazou

DNA ligase), - Nick
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Oprava chyb po replikace

— Po dokonceni replikace opravny systém opravi chyby (u E. coli MutSHL

system)

— P¥i zaClenéni Spatné baze vznika ve dvousroubovici vydut

— Bunka predpoklada, ze parentalni baze je spravna, kdy originalni viakno je

identifikovano pomoci metylace

— Po replikaci DNA je nové vlakno pomalu dometylovavan pomoci DNA

Adenosin (Dam) a cytosin (Dcm) methylaz

GATC CCTGG
CTAG GGA?C

CH3 CH3

DAM METHYLASE DCM METHYLASE

CH3 CH3

| |
GATC CCTGG
CTJI\G GGA(I:C

CH3 CH3
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Srovnani replikace - prokaryota

— DNA replikace probiha bézné dvousmérne — replikacni vidlice postupuji v
opacnych smérech

— U bakterii proces replikace nazyvame tzv. theta replikaci

— Neékteré plazmidy a viry replikuji genom procesem nazyvanym replikace
valivou kruznici

Replication fork New g
DNA
¢/ X | LN
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Srovnani replikace - eukaryota

— Eukaryota nemaji ekvivalent DNA polymerazy | majici dualni m phase
aktivitu (exonukleazova a polymerazova) (mitosis)

G

Gp
Gap 2 1
(Gap2) 1 - Gap1) | 8

— Objevuje se problém se zkracovani koncu linearnich
chromozém

S
(DNA synthesis)

— No koncich chromozému telomery (TTAGGG opakovani u
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Chemicka syntéza DNA

— H. Gobind Korana syntetizoval prvni aktivni tRNA molekulu o 72
nukleotidech (1970)
— Arteficialni syntéza DNA je ve sméru 3" — 5
- prfichyceni prvni baze na CPG (controlled pore glass)
- 5"konec je zablokovan pomoci DMT (dimethyloxytrityl)
- DMT skupina je odstranéna pomoci slabé kyseliny (TCA)

- dalsi nukleotid je pfidan ve formeé tzv. phosphoramiditu 3 ,
aktivovaného tetrazolem 1 i 1

- 5°- OH konce nezreagovanych nukleotidu jSOU acetyIOVény (zleva) Har Gobind Khorana, Robert W Holley, Luis W

pomoci anhydridu k. octové Alvarez, Marshall W Nirenberg, Lars Onsager and
Yasunari Kawabata pfi udileni Nobelovy ceny v roce 1968.

- opakovani procesu

I
p—
[
I
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Chemicka syntéza DNA
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Chemicka syntéza DNA
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https://www.youtube.com/watch?v=1S0x3aRCviM
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Polymerazova retézova reakce

K Mullis, F Faloona, S Scharf, R Saiki, G Horn, H Erlich.
Specific enzymatic amplification of DNA in vitro: the polymerase chain reaction.
Cold Spring Harb Symp Quant Biol;1986;51

..the idea of PCR came to him
while driving with his girlfriend
on a highway..

"It was quiet and something
just went, Click!"

KARY B MULLIS

1944-20129
Inventor of PCR Technique
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Modifikace PCR

— Inverzni PCR

— Pouziti degenerovanych bazi, zavedeni

restrikCnich mist

— Reverzné-transkripcni PCR (RT-PCR)

- 5’RACE, 3’'RACE
— PCR cilend mutageneze
— Emulzni PCR
— Droplet Digital PCR
— LAMP

Extra bases
form cut site
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Front of primer
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PCR

TRANSCRIPTION AND PROCESSING

mRNA

REVERSE TRANSCRIPTASE
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PCR
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RACE PCR

§-RACE 3-RACE

ORF

- TTT A1
reverse transcription reverse franscription
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PCR cilend mutageneze

0O-0-0

Thermal Cycles

=
o
o=
g Me Me
£ 2.
=
1)
E Me 8
= (Predominant product
2 from Step 1)
3

Mutant Strand Synthesis

Perform thermal cycling to:

eDenature DNA template
s*Anneal mutagenic primers (all primers bind same strand)

sExtend primers and ligate nicks with
the QuikChange Multi enzyme blend

Dpn | Digestion of Template
Digest methylated and hemimethylated DNA with
restriction enzyme Dpn |

. Transformation

Transform mutated ssDNA into XL10 Gold
ultracompetent cells

FIGURE 1Overview of the QuikChange Multi Site-Directed Mutagenesis method.
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Emulzni PCR

Pouzito pfi NGS technologii (454, ion torrent)

a) Generate emulsion by stirring b) Generate clonal beads by emulsion PCR

—— Aqueous phase containing PCR-Mixture

Annealing ~ Extension -
- w— Ol phase Droplets ’.W - ’\’:’l | — “"Nh e
=L \ Denaturation & ;- -
' : " Repetition for 50
e cycles
~= Z -
B '

¢) Extract beads from emulsion

. . | Centrifugation 2-butanol :;‘,}.
] Emulsion breaking buffer+ Centrifugation (‘, Vortaig : -
S— Gl = |
o B
¥ Magnetic Xy
e rack
— d) Quantify yield by real time PCR e) Flow cytometry analysis
Washing qPCR for ‘ _
the determing - ’
beads the yield 3 AR Y ¥
3 S — .
- r &
.'s = ' - - O
T—— S | * « -
* &
fluorescence signal -
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Droplet digital pcr

TUBERCULOSIS (TB)

SPUTUM COLLECTION PROCEDURE

:M.% N e AU

DNA g,
0"“’""““"‘" . i —) ) S S e—
isolation P e QX200 AutoD
ﬂ i Droplt igtal”PCR System
ey e / Load mix and sample Place plate in a
Q .‘ Prepare f’dPCR into a plate droplet generator
» , ,\&2 ready mix

)ﬂ‘x-m

N /\ POl () ey | S
* A / N th E——

Ch Ampitode
REiEET

e) —)Ec— 10 4

Q QuantaSoft”

Amplify targets in ;
droplets by PCR Generate droplets

Place amplified droplets
Read and analyze in a droplet reader

results
https://www.youtube.com/watch?v=IAvVVoyZxITU
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Loop-Mediated Isothermal Amplification

A
0.8
—o— 24.8 ng/ul

* w - 2.48 ng/ul
3 —a— 248 pglyl

— Pouziti Bst polymerazy (Bacillus stearothermophilus DNA
Polymerase )

0.6

m)

29 e 24.8 pg/pl
0:4 —— 2.48 pg/ul

03 0.248 pg/yl

Turbidity (650 n

— Probiha isotermalné

02 0.0248 pg/pl

0.00248 pg/pl
0.000248 pg/pl

— AmplifikaCni faktor az 10E09 srovnatelny s 30 cykly PCR S tsnununs

Negative control

w

— Detekce v ramci 10-30 minut, fluorescence, kolorimetricky,
turbidimetricky

— Méne nachylna na inhibice — mozno provadét primo ze
vzorku

(o]

2000 bp —

1000 bp
750 bp
500 bp
250 bp
100 bp

https://www.youtube.com/watch?v=L5zi2P4lggw
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