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Elektroforéza

Migrace nabitych castic v elektrickem poli

— .-— +

Rychlost migrace Castice = elektroforeticka mobilita Castice x sila elektrického pole
[cm.s1] [cm2. V1.5 [V.cm]

» velikost

* tvar

* naboj

« pH média
» teplota

* viskozita



K cemu elektroforéza nukleovych kyselin?

Separace molekul
* Velikost
* Naboj
* Sekundarni (vyssi) struktura

ProC separovat nukleové kyseliny?

* Qvéreni vysledk( enzymatickych reakci (polymerace,
Stépeni, ligace, ...) — nativni x denaturacni gel

* Ovéreni konformace nukleovych kyselin — nativni gel
* Kvalita syntetickych oligonukleotidd — denaturacni gel

e Purifikace nukleovych kyselin — denaturacni gel

ProC separovat proteiny?
» Identifikace pritomnosti protein( — SDS-PAGE + WB
* Proteomika — 2D-DIGE

* Ovéreni kvality nativnich proteint — nativni PAGE



Elektroforéza — deleni + terminologie

o o}
Metoda / Separacni médium - nosic Usporadani
e Zonova elektroforéza * Akrylamid > ¢ Verikalni
(na nosici — gel) _ o
* Agaroza » ¢ Horizontdlni ———

* Volnd elektroforéza
(v roztoku)

Specialni polymery

Podminky elektroforézy

* Denaturacni (vyssi struktura biomolekul zni¢ena)

+ * Kapilarni

* Nativni (zachovana vyssi struktura biomolekul)



Historie

Arne Wilhelm Kaurin Tiselius
Laureate
The Nobel Prize in Chemistry 1948

Prize Motivation: "for his research on electrophoresis and
adsorption analysis, especially for his discoveries
concerning the complex nature of the serum proteins”

Born: 10 AUgUSt 1902, Stockholm, Sweden Fig. 1. Apparatus for electrophoretic

analysis.

Died: 29 October 1971, Uppsala, Sweden

Field: Physical chemistry Analytical biochemistry X e eropoi > OF

II. ELECTROPHORETIC ANALYSIS OF
NORMAL AND IMMUNE SERA
By ARNE TISELIUS
From the Institute of Physical Chemistry, University of Upsala

(Received 1 July 1937)


https://www.nobelprize.org/prizes/chemistry/1948/tiselius/
https://www.nobelprize.org/prizes/chemistry/1948/tiselius/

Elektroforéza

V molekularni biologii se standardné pouziva gelova elektroforéza

Vyhody gelové elektroforézy

Jednoduchost, rychlost, cena
Snadna izolace separovanych molekul

Snadna zména podminek — jiné chovani
biomolekul

Siroka gkala mnoZstvi materialu —
preparativni x analyticka

Pozadavky na separacni medium (gel)

Homogenita
Inertnost
Reprodukovatelnost
Snadna pfriprava

Transparentnost - vizualizace

Pouzivané gely

Akrylamidovy
Agarozovy

Specialni polymery
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Naboj makromolekul

Nukleové kyseliny Proteiny
|
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* Naboj z cukr-fosfatové patere * Naboj z nabitych a polarnich aminokyselin
* Celkovy ndboj umérny velikosti/délce molekuly * Celkovy naboj silné zavisi na sekvenci aminokyselin —
tzv. izoelektricky bod (pl) proteinu



Naboj proteinu - Izoelektricky bod

Celkovy naboj proteinu je sumou nabojti jednotlivych aminokyselin v sekvenci proteinu, ale

Naboj aminokyselin je determinovan pH roztoku
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Equivalents of OH

Izoelektricky bod (pl) = pH pri kterém ma aminokyselina (protein) nuldvv naboj
Pozitivni a negativni naboje se vzajemné kompenzuji

* Pri pH vysSim nez pl —protein ma celkovy naboj zaporny — migrace k anodé
* Pri pH nizSim nez pl - protein ma celkovy naboj kladny — migrace ke katodé



Elektroforéeza dle podminek

Nukleové kyseliny Proteiny
~E $1-G4-22b $2-DX-2x12b S1-4x500AA-pl 5 $2-1x825AA-pl 5
e =" Qs $3-1x825AA-pl 10
E =
= A
E Pl
c * Sekundarni struktura zni¢ena Vy&&i struktury zniceny
8 * Migrace dle velikosti/délky Migrace dle velikosti/délky
 7M mocovina + formamid + 50°C SDS-PAGE - dodecyl sulfat sodny
* 100s-1000sV 100s V
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S =
© Vyssi struktury zachovan
> y y Y

e Sekundarni struktura zachovana
* Migrace dle velikosti, tvaru, molekularity
* Nativni podminky

* 10s-100sV

Migrace dle velikosti (multimery) a pl proteinu
Nativni podminky

100s V .



Polyakrylamidova gelova elektroforéeza (PAGE)

Gel je smési monomer( akrylamidu (polymerizuje do dlouhych linearnich fetézcll) a N,N’-metylen bisakrylamidu
(propojuje linearni retézce akrylamidu) — monomery jsou neurotoxiny

Standardni pomér mono : bis=29:10r19:1 nizSi pomér = hustsi gel (mensi pory)
Standardni celkovy obsah mono+bis 4 az 20 % w/v vysSi koncentrace = hustsi gel (mensi pory)

Polymerace iniciovana pridavkem amonium persulfatu (APS) a tetrametylen diaminu (TEMED) ve finalni koncentraci 0,1 %
- radikalova polymerace

Standardné vertikalni usporadani Nukleové kyseliny

Vizualizace variabilni dle typu biomolekul
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Denaturacni x nativnhi PAGE nukleovych kyselin

Nativni PAGE DNA tvofici kvadruplex

Denaturacni PAGE DNA tvofici kvadruplex

* 16% PAG, 10mM K-fosfat pufr, pH7 + 85 mM KCl * 20% PAG, 1xTBE, 7M urea
* 40V, 15 h, 20°C 500V, 1h,50°C
* StainAll e StainAll
AATGGGTGGGTGGGTGGGTAA AATGGGTGGGTGGGTGGGTAA
WT T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 WT T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
GIT position bp GIT position
C 50
35
3 2 - 25

| | P.ﬁ‘g -

® TEI IR

15

Sekvence maji stejnou délku —21 nt a
velice podobnou velikost (1x G/T)
Odlisna migrace na nativnim gelu dana
odlisSnou konformaci (T3) nebo
molekularitou (T11)

Na denaturacnim gelu migrace identicka

12



Agarozova elektroforeza nukleovych kyselin

OHOH o
. v V4 rd & OH
* Matrix gelu tvoren agarozou — kopolymer mandzy a galaktdzy {"%M
izolovany z morskych ras

* Standardné se pouziva 0,3 — 4 % w/v + nativni podminky ~SP
« Cim vy$3i koncentrace tim vhodnéjsi pro mensi fragmenty ﬁ K" i —
* Varem v roztoku pufru dojde k tani agarozy — nasledné naliti do

formy a béhem chladnuti agaroza polymeruje
* Elektroforéza standardné v horizontalnim usporadani Nativni agarozova elektroforéza PCR
. . L, amplifikovanych fragment( promotoru genu oct4
* Obvykle barva pro vizualizaci pfimo v gelu (EtBr, SYBR, ...) - - 1,5% agaroza, 1xTAE pufr, pH 7

pridava se béhem tuhnuti agarozy 80V, 45 min, 25°C
Ethidium bromid v gelu + UV transiluminace

Duration of treatment j 3
> =
Slots for Bands (visible after ' )
samples suitable treatment) , </ :
\\ A Gel Relaxed circular form jXZo/Z60
)¢ (low mobility)
Electrode 5 ey
} e i Direction of f} :
Ia - i 2 ; — \ LB\ DNA migration Linearized form _;,Jf
7 / ' i \ A
r /7\; £y \\ ‘ 3 (moderate mobility) SRy
Buﬁer\ ’[1 BN : L\ o
solution 16 ' — ]
Direction of _— Superhelical form 3 ) 2
(j° movement S 1’ (high mobility) X
© e X




Separace nukleovych kyselin

* Pro mensi molekuly se vyuziva akrylamidovy gel
* Pro vétSi molekuly se vyuziva agarozovy gel

Table 8.2: Approximate gel concentrations for separalibn of DNA linear fra-gmenls of vanbus sizes

e

Gel Concentration

agarose - 0.3%
agarose - 0.7%
agarose - 0.9%
agarose - 1.2%
agarose - 1.5%
agarose - 2.0%
agarose - 4.0%
acrylamide - 4%
acrylamide - 10%
acrylamide - 20%

) Separation Range (bp)

60.000 - 5,000
20,000 - 800

7.000 -
6.000 -
4,000 -
3,000 -

500 -
- 800

1.000

500
400
200
100
10

500 - 25

50 -

1

|

Log(m) nukleotidovych pard

Separace molekul DNA dle
velikosti v agarozovém gelu

5

'S
|

w

2 | | | | | 1
1 2 3 4 5 6

Vzdalenost od startu (cm)
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Pulzni gelova elektroforeza

» Elektroforeticka metoda pro separaci velkych molekul DNA (>30 kbp) — agarozovy gel

e Molekuly NK>20-30 kbp migruji v (agarozovém) gelu pfi elektroforéze v konstantnim elektrickém poli stejné,
nezavisle na svoji velikosti — nerozlisitelné

* Pokud ménime v priibéhu elektroforézy orientaci elektrického pole (tzv. pulzni pole), vétsi molekuly se re-orientuji
obtiznéji — vysledny primy pohyb je pomalejsi - dochazi k separaci i velkych molekul NK (horni limit az 10 Mbp —
celé kvasinkové chromozomy, ...)

e vl = | F T s

'74\ N it /\ i N
;\\ \’\ /"/ /C /"/ \’\
SN O = B
N N N pa BN %
N =341 N 41 A 41

1% Pulse 2nd pulse 37 pulse

» Standardni usporadani smérl elektrického pole — moznd jsou i jind usporadani

15



Barveni po elektroforéze

Barva v
gelu

Vizualizace — nukleové kvselinv

Metoda Detekce Citlivost Konformacni Signal vztazen na  Typ gelu
selektivita

Pfimé znaceni Fluorescence, Velmi vysoka(pmol-fl., Ne Znacku = retézce PAG + agar.

NK radiodetekce fmol-radio.) NK

UV shadowing epi UV (254) + Nizka (0.3 ug) Ne Baze NK PAG

(Zddna znacka) TLC deska

Blot + Fluorescence, Velmi vysoka Ne Znacku = retézce

hybridizace radiodetekce NK

Ethidium Fluorescence -  vysoka (0.1 ng dsDNA) Vysoka Baze NK Agar. (PAG)

bromid trans UV (254) az nizka (konformace)

SYBR Fluorescence - Vysoka (0.02 ng dsDNA)  Vysoka Baze NK Agar. (PAG)

Gold/Green,... VIS az nizka (konformace)

StainsAll Foto - VIS Stredni aZz nizka (100-1 Nizka Baze NK PAG

(Sigma) ng)

Stribro Foto - VIS Vysoka (pg) Stredni Baze NK PAG

EtBr a dalsi barvy mohou byt pfidany primo do gelu — mohou ovliviovat migraci pri detekci je vyssSi pozadi, ale prace je
jednodussi



Vizualizace — nukleoveé kyseliny

Ethidium bromid SYBR Green | Stiibro
* Interkalacni barvivo * Interkalacni barvivo * Pfima vizualizace - viditelné
e 20-30x narust fluorescence po e 1000x narust fluorescence po * RNA, DNA i proteiny

interkalaci — UV 254, 312 nm interkalaci — UV 300, VIS 490 nm e Citlivost obdobna EtBr
 1EtBr/4-5bp DNA e RNA i DNA, preferencné ds - * Vhodné i pro akrylamidové gely
* RNA i DNA, preferencné ds - 0,05ng (dsDNA) — 1 ng (RNA) » Slozitéjsi barveni — fixace, ...

0,1ng (dsDNA) — 5 ng (RNA) » Konformacni selektivita
e Akrylamid zhasi EtBr fluorescenci * Mnohem méné mutagenni
e Silné mutagenni

Stains All
~ NO * Pfima vizualizace - viditelné
NSNS * RNA, DNA i proteiny
s N\ H |  Citlivost nizSi nez EtBr

e Vhodné pro akrylamidové gely

., S CHss

Hg,CvN*‘ = e NVCHS

17



Denaturacni PAGE DNA - barveni

P¥ima vizualizace vzorkd % Post-elektroforetické barveni Stains-All ” ”
A4 ’ \"4 Vé \‘ o
Nékteré znacené 5'-FAM ¥ Barvi vse

Typhoon FLA9300 skener Klasicky skener — viditelné svétlo
* Laser473 nm
e Emisni filtr LBP (long-pass blue)

Oligo

6-FAM labeled Oligo

e p—— -
11 DNA spravna,
Znacené vzorky ale zfejmé poskozend znacka
\ >
. 2 s O %
. 2 e il
23 . ,
w®+=
Q. o
>l|n %
8 z3 . L
e
o 2
=
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Denaturacni PAGE proteinu — SDS

Migrace proteinl za nativnich podminek je ovlivnéna velikosti, konformaci a pfedevsim nabojem (pl) — na rozdil od NK
— obtizna interpretace elektroforetogramu za nativnich podminek

Konstantniho naboje a linearizace molekuly proteinu je docileno obalenim molekulami detergentu — dodecylsulfatu
sodného (SDS) — protein je denaturovan

SDS se vaze pomeérneé konstantné — naboj dany SDS zhruba odpovida molekulové hmotnosti proteinu — separace pouze
dle velikosti
Disulfidové vazby v proteinech se eliminuji redukénim cCinidlem (B-merkaptoetanol, dithiothreitol) a naslednym varem

{Bio-Rad}

SDS-PAGE frakci lyzatu bunék E.coli — barveni Comassie

. spml

"5”%uwunu&auwwf

19
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Denaturaéni PAGE proteinu — SDS

Elektroforeticky pufr pH 8.3 — glycinat negativné nabity — rychly

Stacking gel e Tris-glycin, pH 8.3

Running gel

Zostieni smési proteind do jednoho - Hranice - zména
uzkého prouzku — pfi nasledné separaci
dle velikosti startuji zaroven
Silné porézni gel (malo akrylamidu)
cca 5% akrylamid + SDS

Tris.Cl pufr, pH 6.8

pH 6.8 — glycinat = zwitter-ion — migrace na konci
pH 6.8 — proteiny v SDS — migrace uprostred
pH 6.8 — Cl- — migrace v Cele

Hranice — zména — proteiny tlaceny vpred
glycinatovou zénou, ktera v pH 8.8 zacina

Separace proteind dle velikosti migrovat rychle

4-20% akrylamid + SDS

Tris.Cl pufr, pH 8.8 pH 8.8 — glycinat negativné nabity — rychly

Izotachoforéza

A

Iso-tacho = stejna rychlost
Glycinate (na konci) — proteiny (uprostred) — chloridy (v ¢ele) migruji stejnou rychlosti
Stabilni usporddani v priibéhu migrace stacking gelem — jednotlivé komponenty jsou omezeny v moznosti prechdzet do

jinych zén (pH x pl, sila el. pole, ...) 20
{Bio-Rad}



Gradientoveé polyakrylamidove gely

Zvysuijici se koncentrace akrylamidu v gelu smérem ke spodni ¢asti gelu

Vetsi rozsah molekulovych hmotnosti separovanych gelem

Lepsi rozliSeni proteini o podobné molekulové hmotnosti

Magnetic stirrer

Peristaltic pump

Gel plates

7.5%

250
150

10D

TS —

S0 =

Pracigion Plus Protein™ Unsatained

10% 12%
I50 250
150 150
100
100
TS
T =
S =—
] — En
25—
a7
20
25 —
20 15

A-15%

250

150

100

TS m—

Sl —

25—
20

15
gl

4-20%

250

150

100
75—

50—

25—
20

15
le]

Any kD™

7.5% 10%
200 — | 200 —

116 —
1= A=
974 —

BB ——
BB ——

45 —
A5 m— . | —
3 — 25—

{Bio-Rad}

12%

215 —

14.4 —

Broad Rarge Unsatainad

4-15%

200 =—

116 =—
974 —

b6 ——

45—

H —

215 =

144 =
6.5 =

4-20%

200 ——

116 ==
974 —

BE —
45—
N —

215 =—

144 —
65—
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Nativni x Denaturacni

Nukleové kyseliny Proteiny
~E $1-G4-22b $2-DX-2x12b S1-4x500AA-pl 5 $2-1x825AA-pl 5
Q %—“? $3-1x825AA-pl 10
E =
= A
E Pl
c Sekundarni struktura znic¢ena Vy&&i struktury zniceny
8 Migrace dle velikosti/délky Migrace dle velikosti/délky
7M mocovina + formamid + 50°C SDS-PAGE - dodecyl sulfat sodny
100s — 1000s V 100s V
S$1-G4-22b S2-DX-2x12b S1-4x500AA-pl 5 S$2-1x825AA-pl 5
\E %‘T . $3-1x825AA-pl 10
B
S e
= §,
© Vyssi struktury zachovan
> y y Y

Sekundarni struktura zachovana
Migrace dle velikosti, tvaru, molekularity
Nativni podminky

10s —100s V

Migrace dle velikosti (multimery) a pl proteinu
Nativni podminky

100s V .



Vizualizace proteinu — SDS-PAGE

Nespecificky

* Barveni vsech proteinl v gelu nespecifickym barvivem

Comassie brilliant blue

* Prima vizualizace - viditelné

* Proteiny — SO3?% reaguje s pozitivnimi AK,
benzen s negativnimi AK

* Nutné odbarveni - destain

o
Oy £ O
D

Specificky
* Prenos proteind z gelu na membranu (nitroceluldza,
e Barveni membrany prostrednictvim protilatek

Stiibro

* Prima vizualizace - viditelné

* RNA, DNA i proteiny

e Citlivost obdobna EtBr

* Vhodné i pro akrylamidové gely
* Slozitéjsi barveni — fixace, ...

...) —western blot — nékdy pristé

23



Izoelektricka fokusace (IEF)

Gel pfipraven s fixnim gradientem pH (immobilized pH gradient — IPG) — smés amfolyt( (slabé kyseliny ¢i baze) kovalentné
vazanych do struktury gelu — IPG stripy komercné dostupné

Akrylamidovy gel s velkymi pory — nema separacni ucinek — separace pouze dle pl proteinu, ne velikosti

Pri migraci proteinu gelem s pH gradientem se méni naboj proteinu — v oblasti kde pl = pH protein ztrati ndboj a prestane
migrovat

Figure 6-26 General formula of the
ampholytes used in isoelectric focusing.

CH, N (CH,), N CH,

pl NN U

NR,

n=2o0r3
R=Hor (CH,;),, COOH

24



Dvourozmerna (dvoudimenzionaini) PAGE

v v 7 s 7 v ’ . o § =1
* Soubézna analyza velkého mnozstvi proteinl (>1000) — proteom
* Nejprve izoelektricka fokusace v IPG stripu — separace dle pl
* Nasledné SDS-PAGE v kolmém sméru — separace dle velikosti ) ' p » i
* Nasledné barveni N By, o PRIC S
* Kazdy protein ma unikatni pozici S e 3
R 1 4" @ e ) ’..
e Obtizna interpretace PN o & PR . .
. AR = L o o . —
— .o.;’ _" .; ->
= ‘ - ®
= . =,
Two Dimensional Electrophoresis = Ja el " .
LR g
. P
; : . - .
(+) : = ’ . .
(1) IEF or IPG (2) SDS-PAGE
17-72 hr 6 hr
5.'9 5.]5
pH

25



Diferencni 2D gelova elektroforeza (2D-DIGE)

Pooled internal Protein extract | Protein extraet 2
standard label label with Cy3 label with CyS

with Cy2
.. ® P o Label protein extracts
9 @ using CyDye DIGE
Fluor minimal dyes
* Extrakty protein( ziskané napt. za rdznych podminek e $ Mix labelled extracts
kultivace oznaceny rlznymi fluorescenénimi
znackami vV
2-D separation
* Treti fluorescencéni znac¢kou oznacen kontrolni
experiment
* \Se smichano, nasledné 2D-PAGE
* Analyza vysledku v jednotlivych barevnych kanalech D et v J

pro pouzité fluorescencni barvy — 2D-DIGE

* Rozdily indikuji zmény v expresi prislusnych protein( !

B v, 4 . \J
‘: . | . N e e Image analysis and data
“ . quantitation using
- e PN s a2t appropiate Software

G

26
{Diez R. et al. in Neuroproteomics, ed. Alzate O. 2010}



Elektroforeticka retardacni analyza

 Electromobility shift assay (EMSA)

* Srovnani elektroforetické migrace napr. molekuly DNA samotné a pfri
interakci s vazebnym proteinem — vazany protein zvysuje velikost
komplexu - rozdil v migraci — kvantifikovatelné

* Tzv. Supershift assay — k interagujicimu proteinu je pridana prislusna
protilatka — podstatné zvyseni velikosti komplexu — vyrazneé;jsi
zpomaleni

12345678 910111213

protein-DNA —» e .. () ““

oo~ e M

T e e .
wto53 053-320 n53CD

{Petr M. et al., Biosci Rep, 2016} 5y



Kapilarni gelova elektroforéza

Gel (komercni synteticky polymer) umistén v kapilare; vyrazné vyssi napéti (desitky kV)
Nutné mensi mnozstvi vzorku, lepsi rozliseni

Variabilni moznosti detekce — standardné fluorescence — moznost vicebarevného znaceni x interni velikostni standard

MoZnost automatizace a paralelizace — kapilarni sekvenatory

Laser

Capillary filled with

i Detection [mAU]
polymer solution o 161 8 10
14 56 1
= 7 12
& 12 o 13
(cathode) (anode) 10 1
81 |2
Qutlet
bk buffer 61
= L] il
2 I l\__[ |LA—~—~—-——I \m_—
Data
acquisition

aiky 10 125 15 175 20 225 25 255
Time [min]

Sample tray

Sample tray moves
automatically beneath the
cathode end of the capillary
to deliver each sample in
succession
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Déleni enzymu
Dle typu reakce:

* Polymerazy — syntéza nového polynukleotidového retézce dle matrice

* Nukleazy — stépeni polynukleotidoveho rfetézce

» Kinazy — fosforylace substratu — pripojeni fosfatové skupiny na 5 konec

» Fosfatazy — defosforylace substratu — odstépeni fosfatové skupiny z 5 konce
* Ligazy — spojeni dvou koncu polynukleotidového retézce

* Transferazy — pripojeni funkéni skupiny nebo nukleotidu (bez matrice)

Dle typu substratu:
* DNA
* RNA
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Terminologie

L Jednoietézcova oblast v dsDNA
Jednoretézcova DNA - ssDNA

/

3‘0OH

PO, 5

Konce fetézcu NK

Lepivé /kohezivni konce

Tupy konec (blunt end) (sticky / cohesive ends)

3‘recessed x 5 protruding 5‘ recessed x 3‘ protruding

OH 3 \ —-O—O—0O—0H 3 OH 3
\ \ 1 1 1 1 1 1 1 P03 5’ f \ \ 1 1 1 P03 5’ K \ 1 1 1 P03 5,
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Polymerazy

e syntéza nového retézce DNA (RNA) dle matrice DNA (RNA) — XNA-dependentni-YNA-polymerazy
* DNA polymerazy - pfipojovanim nukleotidl k 3-OH primeru
* RNA polymerazy — pomoci komplementarity de novo a nasledné pripojovanim nukleotid( k 3-OH nukleotid(l
pripojenych drive

* anabolické enzymy

DNA-dependentni DNA-polymerazy

DNA polymeraza |

Klenowiv fragment polymerazy |

Termostabilni DNA polymerazy — izolované z termofilnich mikroorganizml — prednaska o PCR
RNA-polymerazy

T7 RNA polymeraza

poly-A polymeraza — bez templatu
RNA-dependentni DNA-polymerazy

Reverzni transkriptaza
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DNA polymeraza |

* 5.3 polymerdzova aktivita, 5-3‘i 3°-5‘ (proofreading) exonukledzova aktivita — prevazujici aktivita v zavislosti na
templatu a koncentraci dNTP

* Jeden protein (109 kDa) se tfemi doménami pro prislusné enzymové aktivity
e Zdroj: bakterialni, nyni jako rekombinantni protein
» Kofaktor: Mg?*

* \yuziti: Znaceni DNA (, nick-translace”), syntéza dvouretézcové cDNA, modifikace koncd molekul DNA

Nativni gel
s1f |s2. s3] |s4

S1 S3 ’ 5'PO, O—O—O—OH 3"
PO, 5 COH-O—O—C O—O PO, 5°
Denaturacni gel
S1f 1S2| [S3 sS4
nick-translace
polymerazova + 5-3‘ exo aktivita
S2 S4
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S1

S1

Klenowuv fragment DNA polymerazy |

5‘-3‘ polymerdazova aktivita, pouze 3‘-5 exonukledzova aktivita, existuje i varianta exo- bez této aktivity

Vznika odstranénim N-koncové domény DNA polymerazy | Stépenim subtilizinem

Zdroj: nyni jako rekombinantni protein

Kofaktor: Mg?*

Vyuziti: Doplnéni zkracenych 3‘ konct (,,fill-in reaction®), syntéza dvouretézcové cDNA, polymerase-stop assay

Nativni gel

S1f 1S2| |S3 sS4

Denaturacni gel
s1f |s2. s3] |s4

S3 ' 5'PO; O—O—O—O0H 3

PO, 5" PO;5*

fill-in reakce
polymerazova aktivita

sS4

34



Termostabilni DNA polymerazy

Syntéza nového retézce DNA dle matrice DNA pfipojovanim nukleotidl k 3-OH primeru

Izolace z termofilnich organizm

Katalyticka aktivita maximalni pri 70-80°C, klesa s klesajici teplotou

* Nyni spisSe rekombinantni upravené varianty s optimalizovanymi vlastnostmi
* Optimalizovana procesivita — schopnost polymerovat dlouhé molekuly DNA (desitky kb)
* Zvysena fidelity — velmi nizka chybovost — proofreading mechanizmus

* Optimalizovana schopnost polymerovat GC bohaté oblasti

Kofaktor: Mg?*

Vyuziti: polymerazova retézova reakce (PCR - in vitro amplifikace DNA)

Taq — Thermus aquaticus — polocas cca 1,5 h pri 95°C
Pfu — Pyrococcus furiosus — extrémne presna

Vent — Thermococcus litoralis — polocCas az 7 h pri 95°C

* Podrobnosti v prednasce o PCR
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Reverzni transkriptazy

 RNA-dependentni DNA-polymerazy, mozna RNaza H aktivita
* syntéza nového retézce DNA (obvykle tzv. cDNA — complementary DNA) dle matrice RNA
* Vlyzaduje primer (nahodné hexanukleotidy, oligo T— pro mRNA, ...)

e Zdroj: virového ptvodu (AMV-Avian Mieloblastosis Virus; M-MuLV- Moloney Murine Leukemia Virus), nyni obvykle

rekombinantni (ProtoScript, ...)
» Kofaktor: Mg?*
e \yuziti: syntéza cDNA

5 PO3Q—Q—Q—Q—OH 3
3' 0H-O-O—-FO-0-0-0-0-0-0-0-0-0-0-OP0;5

§1 579 O-0-0-0-0-0-0-0-0-0-0-0-OA-O0H s
3 OH-O—-O—-O0—-O0-0-0-O0-0-O0-O0-O-O-OF0-0 PO, 5
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Nukleazy

» Stépeni polynukleotidového fetézce DNA (RNA) od koncu (exonukleazy) nebo uvniti fetézce (endonukleazy)

» katabolické enzymy

DNA nukleazy (DNaz
v V) ENDO
Bal31l
Exonukleaza faga lambda (A) EZ(O,_’ ‘ €= EXO
>*-3 50, O-O-O-O-0-0-0-0-0-0-0-0-0-0-QoH3 3.5
Nukleaza Exolll 3' OH-O—-O—-O—-O0-0-O0-0-0-0-0-0-O0-O0-0-0 PO, 5
Dnazal
Nukleaza S1
Restrikéni endonukleazy — sekvencné specifické - samostatna prednaska o PCR
RNA nukleazy (RNazy)
RNaza A
RNaza H
RNaza T1

Nukleazy vyuzivané pro editaci genomu
Cas9 — CRISPR/Cas9
ZFN
TALEN -



S2

Nukleaza Bal31

Primdrné exonukleazova aktivita od obou koncl dsDNA (5‘-3‘ i 3°-57)

Sekundarni endonukleazova aktivita specificka pro jednoretézcové oblasti DNA i RNA v rdmci dsDNA (zlomy, mezery, ...)

Netvofi intramolekularni zlomy v dsDNA

Zdroj: bakterie Alteromonas esperijana

Kofaktor: Mg?*, Ca?*

Vyuziti: zkracovani dsDNA z obou koncu, odstranéni jednoretézcovych oblasti z DNA:RNA hybridu

Nativni gel
s1f |s2. s3] |s4

Denaturacni gel
sif [s2| [s3. Is4
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S1

S2

Exonukleaza faga lambda (A)

Exonukleazova aktivita ve sméru 5°-3‘ na ds DNA, odstépuje nukleosid-monofosfaty

Silna preference pro 5 fosforylovany retézec, ale slabé stépi i nefosforylovany a jednoretézcovou DNA

Neni schopna zacit Stépit v misté zlomU a mezer
Zdroj: E. coli infikovana bakteriofagem T4

Vyuziti: tvorba jednosmérnych deleci, pfiprava ssDNA z dsDNA

OH 3/
N OH 5/

5'P0O,O-O—O—0O—0O-0O—-O0H 3

OH 5°

Nativni gel
s1f |s2. s3] |s4

Denaturacni gel
sif [s2| [s3. Is4
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Nukleaza Exolll

Exonukleaza postupné odbourdvajici nukleosid-monofosfaty z 3 OH koncll dsDNA (3‘-5‘ exonukleaza)
Vyzaduje tupé nebo 3’ recesivni konce, 3‘ presahujici konce jsou rezistentni
Schopna stépit i v jednoretézcovych zlomech, vytvari mezery

Zdroj: E. coli
Vyuziti: pfiprava deleci, mutageneze, priprava jednoretézcovych sond a substratt pro dideoxy- sekvenovani

Nativni gel
s1f |s2. s3] |s4

OH 3¢

Denaturacni gel
sif [s2| [s3. Is4

5 PO, OH 3*
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Dnaza |

* Nespecifickda endonukledza stépici dsDNA i ssDNA, v DNA vytvari zlomy

* Produkuje di-, tri-, tetra- nukleotid-monofosfaty fosforylované na 5 koncich

e Zdroj: bakterie Alteromonas esperijana

» Kofaktor: Mg?* - nahodné zlomy v obou retézcich, Mn?* - zlomy v obou vldknech proti sobé

* Vyuziti: zZlomy v dsDNA pfi nick translaci (nizka koncentrace), vystépeni DNA pfi izolaci RNA (vysoka koncentrace),
DNase footprinting (nizka koncentrace)

$1 OH 3¢ Nativni gel
Y PO, 5 s1f |s2. s3] |s4
S2 o
Denaturacni gel
s1f |s2. s3] |s4
5'po, O—O—-0O O-0-0O
S3 3 000 D-O0-O-0-0H 3
o-O0-000

3'OH—OS : : :5 a1



Sondovani DNazou | (Dnase footprinting)

Gel Electrophoresis 42




Nukleaza S1

* Endonukleaza specificky stépici ssDNA a jednoretézcové oblasti v ramci dsDNA
* Produkuje di-, tri-, tetra- nukleotid-monofosfaty fosforylované na 5 koncich

e Zdroj: bakterie Aspergillus oryzae

» Kofaktor: Zn?*

* Vyuziti: mapovani jednoretézcovych oblasti DNA, zatupeni kohezivnich konct

* Obdobné nukleazy P1, Mung Bean atp.

Nativni gel
s1f |s2. s3] |s4

OH 3¢
SI o - 5-5-0-0-0-0-0-0-0-0-0-0-0-O po, s 0, 5 ,
3 3 Denaturacni gel
S1 S2 S3| (S4
OH 3¢
S2 D PO, 5"
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RNaza A

Hydrolyzuje preferencné fosfodiesterové vazby v jednoretézcové molekule RNA na 3 konci nesparovanych
pyrimidinovych nukleotid( (U a C)

Produktem jsem ribonukleosid-monofosfaty s fosfatovou skupinou na 3‘ konci a OH skupinou na 5‘ konci

NesStépi ssDNA ani dsDNA

Kofaktor: zadné

Zdroj: hovézi slinivka — priprava intenzivnim varenim hrubého bunééného extraktu — ostatni bilkoviny denaturovany

Vyuziti: odstranéni RNA z roztoku (izolace DNA, ...), strukturni studie (nesparované useky RNA)

HO </ | = H
N e
N
G H

{
3 2



RNaza H

Sekvencné nespecificky hydrolyzuje preferencné fosfodiesterové vazby v RNA molekule parované s DNA molekulou
(hybrid RNA:DNA)

Produktem jsem ribonukleosid-monofosfaty s fosfatovou skupinou na 5‘ konci a OH skupinou na 3 konci
NesStépi ssDNA ani dsDNA

Kofaktor: Mg?*

Zdroj: E. coli

N
\ 0 N
o N I \N o U © N I
° A 7 N I \=N O—P—OH
7N o—f—on ——> ! i
OH OH N
O OH | ~n-H \ ¢ W X
aHO—P—O o NJQ\ ,/H Y\ c ¢ m )
v o © ot NN 9 | " Lo p
| A ° o—b—om 7 o o o—f—on
N -H o] | OH {
N OH ‘ ” H
2, L & s Ty
Ho—k—0 NN I}I/H 7 <NIC H
o

3( OH OH 45



RNaza T1

Hydrolyzuje preferenéné fosfodiesterové vazby v jednoretézcové molekule RNA na 3‘ konci guanosinovych zbytkd

Produktem jsou oligoribonukleotidy koncici G s fosfatovou skupinou na 3‘ konci a OH skupinou na 5‘ konci, pripadné
GMP (s PO, na 3 konci)

NesStépi ssDNA ani dsDNA
Kofaktor: zadné
Zdroj: Aspergillus oryzae, dnes rekombinantni protein produkovany E. coli

Vyuziti: strukturni studie RNA, sekvenovani RNA

HO—P—0 N N//kN/H % WY
b g ! ——> P "
o HO—P—OH
H H (‘)‘ C‘) OH
¢ - ¢ OH </NI\N/ HO—B—OH
HO—P—0 _ H 0
Z, ey
'7 G HoH H
N N—H N—H
s o, [
HO—p—0 o. N / \N o_ N 7 \N
o A N:/ A N:/

{
3 a6



Cas9 nukleazy — CRISPR/Cas9

* Plvodné soucdst ,imunitniho systému“ bakterii, nyni rekombinantni

* endonukledza Cas9 sekvencné specificky smérovana na DNA pomoci gRNA (crRNA+tracrRNA) — in vivo editace genomu

* CRISPR = clustered regularly interspaced short palindromic repeats

Foreign &

N

Py S—
Target PAM
r

Acquisition

*_CRISPRlci
Bacterial i — e — e
genome tractANA  cas9  cas crANA crRNA crRNA
genes

y o — e ——
Jtracrﬁhlﬂ, trRNA Primary transcript

A N

biogenesis I —
| tracrRNA
crRNA an tracrRNA
_ T '
* ' crRNA
E a
Interference _—I‘EE_;“
~ Cleavage
Foreign / _J
DNA [

{New England Biolabs; https://www.neb.com/products/m0386-cas9-nuclease-s-pyogenes#Product%20Information}

The Nobel Prize in Chemistry 2020 was awarded jointly
to Emmanuelle Charpentier and Jennifer A. Doudna "for

the development of a method for genome editing.,,
(Jinek et al., Science 337, 2012)

Genome Editing Glossary
Cas = CRISPR.-associated genes

Cas9, Csnl = a CRISPR-associated protein
containing two nuclease domains, that is
programmed by small RNAs to cleave DNA

crRINA = CRISPR. RNA

dCAS9 = nuclease-deficient Cas9
DSB = Double-Stranded Break
gRNA = puide RNA

HDR = Homology-Directed Repair

HNH = an endonuclease domain named
for characteristic histidine and asparagine
residues

Indel = insertion and/or deletion
NHE] = Non-Homologous End Joining
PAM = Protospacer-Adjacent Motif

RuvC = an endonuclease domain named for
an E. colf protein involved in DNA repair

sgRNA = single guide RNA
tractRNA, trRMNA = trans-activating crRNA

TALEN = Transcription-Activator Like
Effector Nuclease

ZEN = Zinc-Finger Nuclease


https://www.neb.com/products/m0386-cas9-nuclease-s-pyogenes#Product%20Information

Cas9 nukleazy - CRISPR/Cas9

Bactacial
genome

—
racriNA cosy cas CrlNA

Qernos

argest
f

N CRISER o
SrNA

-
) e
YacrRNA SRNA

Prirasey transaron

Bacterial ool

{New England Biolabs; https://www.neb.com/products/m0386-cas9-nuclease-s-pyogenes#Product%20Information}

Genome Editing Glossary
Cas = CRISPR.-associated genes

Cas9, Csnl = a CRISPR-associated protein
containing two nuclease domains, that is
programmed by small RNAs to cleave DNA

crRINA = CRISPR. RNA

dCAS9 = nuclease-deficient Cas9
DSB = Double-Stranded Break
gRNA = puide RNA

HDR = Homology-Directed Repair

HNH = an endonuclease domain named
for characteristic histidine and asparagine
residues

Indel = insertion and/or deletion
NHE] = Non-Homologous End Joining
PAM = Protospacer-Adjacent Motif

RuvC = an endonuclease domain named for
an E. colf protein involved in DNA repair

sgRNA = single guide RNA
tractRNA, trRMNA = trans-activating crRNA

TALEN = Transcription-Activator Like
Effector Nuclease

ZEN = Zinc-Finger Nuclease


https://www.neb.com/products/m0386-cas9-nuclease-s-pyogenes#Product%20Information

Cas9 nukleazy - CRISPR/Cas9 - Genome editing

A. Genome Engineering With Cas9 Nuclease

B. Genome Engineering By Double Nicking
With Paired Cas9 Nickases

C. Localization With Defective Cas9 Nuclease

\ Activator
- 20 nt non-coding ANA sequence: gudes Casg
\ toa spacic target location in the genomic DNA
|
\
| \

0ANA scafiol

Cas9 |

Id: hei
get ONA

Target B

mﬁm Se— o — = =

Green Fluorescent
Protein: to visually
erify transfection

2A peptide:
N o s Activation
Target” Cleavage “ppy fom s O
. Nuclear localization signal
/ \ 9 Repressor
/ Nuclear localization signal SpCas9 ribanuciease
" ' R | lYmstenﬂm into cells
. o, e i § .

-_ = S SSe—

— o e
Cas9 ribonuclease

- . . 4
Gt b oRNA
Donor DNA Donor DNA Repression
Insertion/ , P
deletion ‘ I QGF
& 3 ‘8 N ) - " Som——— e { J Ld_!_] ] — 1 |
New DNA New DNA New DNA i ——= I : R o pote et TR N4 e
ﬂ—w_ * gANA binds to target locus in genomic DNA adjacent to the PAM site
Non-homologous Homology directed Homolo?y directed Sl o CasO cleaves the 5 exons of the gene targeted by the three GRNA
end joining (NHEJ) repair (HDR) repair (HDR) Visualization plasmids at three specific sites.

* Target gene i disrupted,
A. Wild-type Cas9 nuclease site specifically cleaves double-stranded DNA activating double-strand break repair machinery. In the absence of
a homologous repair template non-homologous end joining can result in indels disrupting the target sequence. Alternatively, precise
mutations and knock-ins can be made by providing a homologous repair template and exploiting the homology directed repair pathway.
B. Mutated Cas9 makes a site specific single-strand nick. Two sgRNA can be used to introduce a staggered double-stranded break which can
then undergo homology directed repair.

C. Nuclease-deficient Cas9 can be fused with various effector domains allowing specific localization. For example, transcriptional activators,
repressors, and fluorescent proteins.

{https://www.scbt.com/scbt/whats-
new/crispr-systems}
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Genome editing

Bloinformatic analysls
TALEN or CRISPR /Cas construction
\ Wl BeEYE Renew F
LR R )
S—— )
Viral vectors TALEN and Protoplast transformation

. Agrobacterium mediated transformation
:'risf:i':scons"uds CRISPR/Cas delivery . Gene gun fransfection
mRNA / \ Viral vectors

P 22
injection

Cell v

culture in vitro

invitro

gDNA isolation
followed by individual
clone selection

Genotype or
phenotype
selection

Zygote

gDNA isolation
from tissues of adult

animals and clone
? selection 2

Transgenic plants
T Knockout plants
\ N li
' ﬁ ew crop lines

1 v
AR

Knockout lines
Transgenic animals
Human disease models
New livestock strains

Isogenic cell lines
In vitro disease models
Knockout cell lines
Transgenic cell lines
Cell therapy stuff

A general scheme of the strategy for using the TALEN and CRISPR/Cas systems in genomic engineering

{A.A. Nemudryi et al., Acta Naturae (2014)}
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Cas13 nukleazy - Genome editing

Komplex katalyticky inaktivni nukledzy Cas13 (dCas13b) s guide RNA a RNA-specifické Adenosin Deamindzy ADAR mistné specificky
(primarni sekvence z gRNA, rozpozndna Cas13) katalyzuje deaminaci A na | (ADAR), ktery funguje jako G

A ADAR\DD _dCas13b  guide RNA

7 5'——g3'

> »
target A specified conversion of
! by mismatching C target Ato |
e on guide RNA
B
target mMRNA ' 176 E77 C78 R79 V80 E81 A82 A83 G84 X85 F86 R87 T88 F89 Y90 :
(Cluc W85X) 5'— . .AUU GAA UGC AGA GUA GAG GCC GCA GGA UAG UUU AGA ACA UUC UAU..—3

CEEree eee ree eee e et e 1
U G ACCUGGAAGGUGUUGACG UCU CAU CUC CGG CGU CCU ACC AAA UCU —5'

guide RNA  y  I1= 11 II1II1] :
U G GGGGCUAUUACAACA — 3' |

|
I
}——— mismatch distance ———— I
———— spacer length |

A) Schematic of RNA editing by dCas13b-ADAR, fusion proteins. Catalytically dead Cas13b (dCas13b) is fused to the deaminase
domain of human ADAR (ADAR), which naturally deaminates adenosines to insosines in dsRNA. The crRNA specifies the target
site by hybridizing to the bases surrounding the target adenosine, creating a dsRNA structure for editing, and recruiting the
dCas13b-ADAR,, fusion. A mismatched cytidine in the crRNA opposite the target adenosine enhances the editing reaction,
promoting target adenosine deamination to inosine, a base that functionally mimics guanosine in many cellular reactions.

B) Schematic of Cypridina luciferase W85X target and targeting guide design. Deamination of the target adenosine restores the
stop codon to the wildtype tryptophan. Spacer length is the region of the guide that contains homology to the target sequence.
Mismatch distance is the number of bases between the 3’ end of the spacer and the mismatched cytidine. The cytidine
mismatched base is included as part of the mismatch distance calculation.

{D. B. T. Cox et al., Science 10.1126/science.aaq0180 (2017)}
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5793859/

ZFN nukleazy - Genome editing

b) DNA-Cleaving
Domain

ZFN Pair Recognizes
and Heterodimerizes

a) DNA-Binding
Domain

Each Zinc Finger Nuclease (ZFN) consists of two functional

around Target Site

ZFN Pair Makes Double
Strand Break and
dissociates from DNA

domains: a.) A DNA-binding domain comprised of a chain of two-
finger modules, each recognizing a unique hexamer (6 bp)

sequence of DNA. Two-finger modules are stitched together to
form a Zinc Finger Protein, each with specificity of > 24 bp. b.) A /
DNA-cleaving domain comprised of the nuclease domain of Fok I. ZFN Pair Delivered
When the DNA-binding and DNA-cleaving domains are fused i
together, a highly-specific pair of 'genomic scissors' are created. '

NO REPAIR TEMPLATE
co-transfected with

ZFN Pair: 1-20% of cells
are mis-repaired resulting
in a Gene Deletion

Cellular Process Used: Non-
Homologous End Joining

REPAIR TEMPLATE co
transfected with ZFN Pair
1-20% of cells comain Gene
Imegration in Target Site.
Cellular Process Used:
Homologous Recombination

ZFN-mediated genome editing takes place in the nucleus when a ZFN pair targeting the user’s gene of interest is
delivered into a parental cell line, either by transfection, electroporation or viral delivery.
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TALEN nukleazy - Genome editing

a Fokl
N-terminal TALE repeat C-terminal ngr:(;?r?e
domalin domainls domallin

¢ N-terminal TALE repeat

domain domainls domain
1 |
[ | [ 11 |

55-tCcGcGTCAGTTGCCACATCA-Z3

Nature Reviews | Molecular Cell Biology
{J.K. Joung a J.D. Sander, Nat Rev Mol Cell Biol (2013)}

Transcription Activator-Like Effector Nucleases

a | Schematic diagram of a TALEN. TALE repeats are shown as colored
cylinders with a final carboxy-terminal truncated “half” repeat. Letters
inside each repeat represent the two hypervariable residues. TALE-derived
amino- and carboxy-terminal domains required for DNA-binding activity
are shown as longer blue and grey cylinders, respectively. The non-specific
nuclease domain from the Fokl endonuclease is shown as a larger orange
cylinder. b | TALENs bind and cleave as dimers on a target DNA site. Note
that the TALE-derived amino- and carboxy-terminal domains flanking the
repeats may make some contacts to the DNA. Cleavage by the Fokl
domains occurs in the “spacer” sequence that lies between the two
regions of the DNA bound by the two TALEN monomers. ¢ | Schematic
diagram of a TALE-derived DNA-binding domain. The amino acid sequence
of a single TALE repeat is expanded below with the two hypervariable
residues highlighted in orange and bold text. d | TALE-derived DNA-
binding domain aligned with its target DNA sequence. Note the matching
of repeat domains to single bases in the target site according to the TALE
code. Also note the presence of a 5’ thymine preceding the first base
bound by a TALE repeat.
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Dalsi enzymy

Ligazy — spojovani fragmentl nukleovych kyselin
T4 DNA ligaza

Transferazy — pripojovani funkénich skupin a nukleotidl bez templatu
Terminalni transferaza (TdT)
DNA metyltransferazy (DNA MTase) — metylace DNA — obvykle na C

Kinazy — pripojeni fosfatové skupiny

T4 polynukleotid kinaza

Fosfatazy — odstépeni fosfatové skupiny

Alkalicka fosfataza
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T4 DNA ligaza

* Spojuje dva konce polynukleotidového retézce DNA, tupé i lepivé konce

* Vlyzaduje prfitomnost OH skupiny na 3‘ konci a fosfatové skupiny na 5‘ konci v misté spojeni
* Nutné ATP nebo NAD jako zdroj energie pro vytvoreni fosfodiesterové vazby

* Zdroj: E. coli infikovana bakteriofagem T4

* Opravuje jednoretézcové zarezy (,nick”) v dsDNA, RNA i DNA/RNA hybridech

Spojeni lepivych konct Oprava tupych konct
” o

Nativni gel
s1| 1s2| s3] Is4

Sl 5PO, MEATARS OH 3f 53

3'OH PO, 5*

SZ 5 PO3 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 OH 3’ S4
3 OH-O—O—O0—O0~0~-0-O0-O-O0-0-0-O0-0—-0—O PO, 5
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LIGATION STEPS

SELFADENYLATION
OF DNA LIGASE

Adenyl

group

ONA IIgase

T4 DNA ligaza

ADENYL GROUP
TRANSFER TO DNA

PHROSPHODIESTER
BOND FORMATION

.— /“
Hydraxy!
LS
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Uprava koncu ligaci

* Ligazou pripojené kratké fragmenty dsDNA
» Specificky vybér modifikovaného konce zajistén prislusnou fosforylaci — T4 DNA ligaza preferencné spojuje s
fosforylovanym 5‘ koncem

Adaptory Linkery
’ UMM Q00000
@ PO, 5 {E‘{[&@@“l ]/‘ ! S: z
\ﬁ{_}

Restrikéni misto

7@”@@@ \V [ O—O—O—PO 5¢ e

* Meéni tupy konec na lepivy * Vnasi na konec specifickou sekvenci
* Specificka sekvence a smér * Pro Stépeni restrikéni endonukleazou
* Pro pfipojeni inzertu, primeru, ... * Pro pripojeni primeru - PCR
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Terminalni transferaza

Pridani deoxynukleotid(i k 3 OH skupiné bez nutnosti matrice
Substratem jsou jak ssDNA, tak tupé recesivni i presahujici konce dsDNA
Zdroj: napr. hovézi brzlik, nyni rekombinantni v E. coli

Kofaktor: Mg?*, Co?* - zvysuje aktivitu

Vyuziti: 3 termindlni znaceni DNA, pridavani homopolymernich koncu, klonovani
pomoci TdT, ...

5oy O 0=O-0-0-0-0-0-0-0-0-0-O-F 0o 3
3, OH 1 1 1 1 1 1 1 1 1 1 1 1 P0351

S2 5 p0, O-O-0-0-0-0-0-0-0-0-0—-0-0-0-0-O-O-F-O-0H &
3, OH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Po3 5‘

(TdT)

Ecofi stes
Foresgn DNA
Ecort ECORi
digestion agestion
B 3 s ¥
i ™ o= = m om m o o o APEPEY M= = s @ i @ AN
5 ¥ 5
53 § 3
oxonuclease exonuciease
1o expose treatment
3 ends
§ AR, SETENETT. |
e o - - TP T Y -

3 % 3 5
Terminal Termina!
transferase transferase
CATP arte

S FAAAAA A TYTTT..T
A AAAA :r_III]:]:D:LS_ 00 PO R R A R

Flg. 22.7: Construction of a recx t DNA ok

size complementary ends on the & plasmid and a f

foreign DNA (atter Russel, 1987)

d using the enzyme terminal transterase 10 synthe-

enzyme generated fragment of
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FORWARD

EXCHANGE

T4 polynukleotid kinaza (T4 PNK)

Katalyzuje presun (forward reaction) nebo vymeénu (exchange reaction) y fosfatu z ATP na 5 konec ssDNA, dsDNA, RNA
i ANTP

Exchange reakce probiha s nizsi efektivitou — pro znaceni vhodnéjsi defosforylace, pokud je 5 konec fosforylovan
Zlomy nejsou vyraznéji fosforylovany, mezery ano za vyssi koncentrace ATP

ATP mUZze byt nahrazeno jinymi NTP, popfipadé dATP, dTTP

Zdroj: nyni rekombinantni v E. coli

Kofaktor: Mg?*

Vyuziti: 5 termindlni znaceni DNA, fosforylace 5 konce, odstranovani 3‘ fosfatu z DNA

0o "o
o H O |
N NYN\H O NN
el o ] D
SN N NN H
LN \ H Ho oy
N 0 o ! I
o \\ H NY o N N
N
(@] / H H
) —0 |
HO o /Q NH, H3C{N>/ NK/ N AN
o \
/P; O\ /O OH /N XN \ N \\ N
(o] NS
HO /o o8 8 ¢ J ) ° o
HO + Ho—‘—o—‘— —T— o N o
HO O
OH OH OH o’ o O o
X “p RN OoH
H H H H HO ‘O 7N P
Q. H o_nN_ 4 o N OH OH Ho' O ho' o
NS
) N>/O / H ) | N\H
— N
S N N\\ XN
N L
(o) /\Q /\OQ
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T4 polynukleotid kinaza (T4 PNK)

PROCESS OF PHOSPHORYLATION

{New England Biolabs; . . i hosphatase-calf-intestinal-cip#Product%20Information}


https://www.neb.com/products/m0290-alkaline-phosphatase-calf-intestinal-cip#Product%20Information

Alkalicka fosfataza

Katalyzuje odstranéni fosfatu z 5°i 3‘ konce ssDNA, dsDNA (recesivni, presahujici i tupé konce), RNA, dNTP
Defosforyluje i proteiny (Ser, Thr, Tyr)
Zdroj: teleci strevo (CIP) — aktivnéjsi, tézko kontrolovatelna, E. coli (BAP) — méné aktivni

Kofaktor: Mg?*
Vyuziti: defosforylace fragment( pti klonovani, znaceni T4 PNK, odstranéni dNTP z reakce

HooH H H oy H oy
o  w O N_ i O n | o w O N_ N Oy
NN N N H NN NN N H NN
Y=o l r ™ Y=o l r o
H,C H,;C
N\ N\\ XN Ny N\\ NN
o ———> o
o (0]
o [¢]
HO O /Q HO /\Q
o o O . o/\Q o 0 o /Q
HO™ “o N ~p! OH Px ~p/ OH
o AN / Yo AN
HO HO o HO HO o)
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Klonovani

DIGESTION

SINGLE-ENZYME DIGESTION DOUBLE-ENZIYME DIGESTION
(NON-DIRECTIONAL) (DIRBECTIONAL)

GATATC > l - GGATCC 3 I( GAATTC.
CTATAG .5 CCTAGG. CTTAAG

~

E
5"
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