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RESTRIKCNI ENZYMY

Specificka vazba a stépeni dvouvlaknové DNA ve specifickém misté.

RE typu I: jeden protein ma modifikacni (metylacni) i restrikCni aktivitu.
Vaze se na rozpoznavaci sekvenci, ale stépi v nahodném misté v okoli.

RE typu lll: jeden protein ma modifikaCni (metylacni) i restrikCni aktivitu.
Stépi v rozpoznavaci sekvenci, pak disociuje od substratu.

RE typu ll: restrikCné modifikaCni systém — RE Stépi ve specifické sekvenci
metylaza modifikuje v téze sekvenci
Rozpoznavaci misto: vétSinou 4 — 6 nukleotidu, palindromové sekvence



RESTRIKCNI ENZYMY

NOMENKLATURA: EcoRI
ZKRATKA VYZNAM POPIS
E Escherichia rod
co coli druh
R RY13 kmen
| prvni poradi, ve kterém
byla RE
identifikovana v
dané bakterii




RESTRIKCNI ENZYMY

» vznik koheznich koncl

EcoRI (GAATTC) — 5’kohezni konce Pstl (CTGCAG) — 3’kohezni konce
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RESTRIKCNI ENZYMY

* vznik tupych koncu

Haelll (GGCC):

NNNNNGGCCNNNNNNN
NNNNNCCGGNNNNNNN

l

NNNNNGGCCNNNNNNN
NNNNNCCTGGNNNNNNN

|

NNNNNGG CCNNNNNNN
NNNNNCC GGNNNNNNN

MOLEKULARNI KLONOVANI



METYLACNE - RESTRIKCNIi SYSTEM

Bakterialni obranny mechanismus, bakterialni genomova DNA neni systémem
rozpoznavana

Specifické metylacni systémy v E. colr.
« dam - metylace ®N adeninu v sekvenci GATC
role v opravnych procesech, replikace DNA, exprese genu
BamHI — GGATCC +  (Bacillus amyloli)
Bell - TGATCA - (Bacillus caldolyticus)
Mbol — GATC -
Sau3Al - GATC +
« dcm - metylace vnitfniho cytozmu (°C) v sekvenci CCAGG, CCTGG
EcoRlI
BsiNI +
« EcoKI — metylace adenind AAC(N);GTGC, GCAC(N),GTT

DNA (plasmidova) namnozena a izolovana z kmene E. coli dam* je
rezistentni ke Stépeni restrikCni endonukleazou Mbol

Klonovdnim zmizi plvodni me‘rylacm obraz;
pri pouziti dam*a dcm* kment maji
klony metylaci v mistech specifickych pro dany kmen



OdbocCka — metylace DNA

Distribuce metylace v eukaryotickych genomech:

Metylace C v symetrickych sekvencich
- CpG (dublety)
- CpNpG (triplety; rostliny)

Metylace C v asymetrickych sekvencich
(rostliny, omezené u zivocichu)



METYLACNE CITLIVE RE

VvV rozpoznavaci sekvenci maji cytosin,
(ne)stépi, pokud je metylovan

CG: Hpall mC™CGG

hypomethylated |  methylated

Cfol GM™CGC
Smal CCM™CGGG =
Tail  A™CGT

Clal  AT™CGAT

CNG: Mspl m™CCGG

CHH: Sau96l GG(A/T)CmC
(zalezi na tom, co v sekvenci nasleduje)



DNA POLYMERAZY

E. coli DNA polymerase I:

, , , 3 3’ 1
5 " —— 3’ polymeraza ymg duplex DNA :
5° — 3" exonukleaza !!! i )

3" — 5" exonukleaza

duplex DNA containing a nick with a 3’ !

E 3’

Znaceni DNA ,nick translation®:

l (2)
. OH P g/ one to several nuclectides removed from the \
’ m 5‘side of the nick by 5 =J»3’exonuclease
’ activity of E. coli DNA polymerase | {

excised nucleotides replaced by incorporation,
of labeled nucleotides by E. coli DNA )
polymerase |

Repetition of (3)and (4) result in trans- ;
location of the nick and uniform labeling of
the synthesized DNA strand

9
http://bios-project.blogspot.cz/2009/03/nick-translation.html



DNA POLYMERAZY

o
g

Klenow fragment:
denaturation and

annealing with

5 —— 3" polymeraza . random primers
3" — 5" exonukleaza — o
. e 3 5
Znaceni DNA ,random priming™: Klencw Fragmert, exo™
dNTP
. ¥ labeled dNTP*

e ——— e — —
[ — e
3 g

l denaturation

— s — —
**

o

: DMA template

s [ANCOM primer
mmeedeede [AD2120 probe

http://www.thermoscientificbio.com/molecular-labeling 10
-and-detection/biotin-decalabel-dna-labeling-kit/
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DNA POLYMERAZY

Termostabilni DNA polymerazy:
Taq DNA polymerase (Thermus aquaticus)
Optimalni reak¢ni teplota 72 -80 C

Polymerazova fetézova reakce (Lekce 4)
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Reverzni transkriptaza

RNA-dependentni DNA polymeraza
MuLV (Moloney murine leukemia virus) } P¥i teploté 37 =42 C
AMYV (avian myeloblastosis virus)

,ouperScript®: vyssi teploty
bez RNaseH aktivity

i

5 mRNA 3

(detaily — Lekce 4) _
i Anneal primer

mRNA

dTTTTy5

Reverse transcriptase

mRNA

LU d T T T
cDNA

Alkali

LLLLLLLLL O L L L] dTT TTa5
cDNA

http://9e.devbio.com/article.php?id=32
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Terminalni transferaza

Prenasi dNTP na 3 hydroxylovy konec DNA
purin — Mg?*
pyrimidin — Co?*

Preferuje substraty s 3" pfeCnivajicimi konci

3" koncové znaceni DNA:
Fl

primer

21?3

Terminal Transferase

33?32

http://bioweb.wku.edu/courses/biol350/RestrictionEnz3/Review.html
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DNA ligazy

Bacteriophage T4 DNA ligase:
spojuje kohezni i tupé konce

E. coli DNA ligase:

spojuje kohezni konce

backbone insert

DMA fragments join J
at sticky ends
R Sticky end

-

Sticky end l

2

Recombinant DNA

http://ocw.mit.edu/courses/biological-engineering/20-109-laboratory

-fundamentals-in-biological-engineering-fall-2007/labs/mod1_3/
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T4 polynucleotidyl kinase:

Prenos fosfatu z ATP (v poloze y) na 5’konec DNA (defosforylovany templat)
koncové znaCeni DNA (end labelling)

Alkalicka fosfataza:
Odstranéni 5P (pfed koncovym znadenim; zabranéni self-ligaci vektoru)

bakterialni alkalicka fosfataza (BAP)
calf intestinal phosphatase (CIF)
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NUKLEAZY

Bal31 nuclease: stépi 3" a 5" konce v dsDNA, AT-bohaté oblasti rychleji
endonukleaza — ss useky v dsDNA (niky, mezery)
|dentifikace terminalnich sekvenci (telomer)
Mapovani pozice restrikCnich mist v kratSich fragmentech DNA

Nuclease S1: stépi ssDNA (RNA), nespecif. endo- a exonukleolytické stépeni
nizké pH (4.5) — depurinace, limitace pouziti
Odstranéni jednovlaknovych pfesaht
Otevieni vlasenkovych smycek

Mung Bean Nuclease: stépi ssDNA (,jemnéj$i“ ve srovnani s S1)
Odstranéni jednovlaknovych pfesaht

Nuclease P1: stépi ssDNA a RNA, nespecif. endo- a exonukleolytické stépeni
nedegraduje dsDNA

Exonuclease lll: stépi 3° OH konce dsDNA, nestépi ssDNA (3 presahy
delSi nez 4 nt jsou rezistentni)

16



NUKLEAZY

RNase A: endoribonukleaza, stépi ssRNA po Py
nepotrebuje kofaktory a kationty
purifikace preparati DNA
mapovani jednobazovych mutaci v DNA

DNase |: endonukleaza, stépi dsDNA i ssDNA po Py
zavedeni nahodnych nicki do DNA (znaceni nick translaci)
mapovani interakci DNA — protein (DNA footprinting)

17



VEKTORY - PLASMIDY

Foreign DNA
Hacterial DNA Plasmids region of interest
gene for .
anfibiotic = Plasmid § EcoRI
resistance EcoRI
EcoRL
| Beort |Ecora

N\ sios _,,\

Hybridization
+ DA ligase

P R e T T 3, e i o 0 VR B S S e T4 3
., - - . if - » e K rl
.I.c .a....:: -_'\-_?: e ) . S o e ':f‘ [ -:'::I:'.'E'n.
I - ) ; :
- 7 = o . hal. ':: }

Al P
tolirmr i DA T
. -

Bactena platted on medium
+ antibiotic

|_.|l|._4l_

Only bacteria containing
recotnbinant DYA grow
Culture l

ADNA
urificatio
purificat anQ

Cloning into a plasmid

http://www.accessexcellence.org/RC/VL/GG/plasmid.php 18



VEKTORY - PLASMIDY

Chigin of replication

antibiotic
resistance

.. polvlinker

PLASMID



VEKTORY - PLASMIDY

Eco0109l 2674 BstAPl 179
Aatll 2617 Nddel 183

Sspl 2501 Ehel 235

Xmnl 2294

Begl 2215
Scal 2177

puUC18/19
2686 bp

Sapl 683

Aflll, BspLU11l 806
Gsul 1784

Cfr10l 1779
Eco31l 1766

Eam1105] 1694

http://dwb4.unl.edu/Chem/CHEM869N/CHEMB869NLinks/www.fermentas.com/techinfo/NucleicAcids/mappuc1819.htm
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VEKTORY - PLASMIDY

e
@3 (+IPTG)
lacZ 3'
Q . sequences
—C O

PANATLVAVA VAVAVAVAVA VA WS

p-Galactosidase ¢
Plasmid vector C-Terminal
- w Fragment

{
|

B-Galactosidase \
- N-Terminal + X-Gal °

(] a Protein

§
\ f No X-Gal
\\—/ lacZ 5' (o cleavage so

bacterial colony
¢ X-Gal cleavage remains white

# IPTG: isopropyl-B-D-thiogalactosid

# ;ﬁma";‘i‘:md% X-gal: 5°-bromo-4-chloro-3-indolyl-p-galactosid

results in blue colonies



KLONOVANI — PLASMIDOVY VEKTOR

1. Digesce DNA restrikcni endonukleazou

EcoRl EcoRl EcoRl

_____ WVAAVAYAVAY

— gene of interest —|

DigESt DMNA Sar‘nple

with EcoRl enzyme
| — . OH PO, e
YN N P A AaTTCenNN NN G CAATTCN
3 . NCTTAA ... . GNN NNCTTAA , o8N 5

http://www.biochem.arizona.edu/
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KLONOVANI — PLASMIDOVY VEKTOR

2. Digesce plasmidu restrikcni endonukleazou

-

uIblIo 13

pVector

Digest plasmid vector
with EcoRI enzyme

5 OH PO,
N G """ AATTCN
G N

S.NCTTAAPO4- OH

http://www.biochem.arizona.edu/

Relative Positions of Different DNA Forms
of a Plasmid on a Tris-Acetate Agarose Gel

LIncut Cut

Micked
|||||||
enlky
I:.r.mln-'l
Supercoiled
[ |r|:u h'.'
Ir.n.d e

http://humgen.wustl.edu/hdk_lab_manual/

Fosfatazovani linearizovaného plasmidu
(BAP, CIP) — zabrani recirkularizaci

23



KLONOVANI — PLASMIDOVY VEKTOR

3. Ligace — Stépena DNA + Stépeny plasmid

EcoRl digested DNA sample EcoRlI digested plasmid vector
T A OH 5' OH PO,
PO AATTCNN 'NNG N G *"AATTCN
oy GNN NNCTTAA . 3. .NCTTAA on -GN
combine and add
DNA ligase + ATP
o A A .

NGAATTCNN NNGAATTCN
4 NCTTAA GNN NNCTTAAGN s

¥ \J

http://www.biochem.arizona.edu/

3I

5!
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KLONOVANI — PLASMIDOVY VEKTOR

4. Transformace bakterii rekombinantnim plasmidem

Bakterialni kmen K12: odstranén metylacné-zavisly restrikCni systém

mutace v genu recA (prevence nezadoucich prestaveb)
mutace v genu endA (kdduje DNA specif. endonukleazu

- zvyseni vytézku plasmidu a kvality izolované DNA)

CHga CHg
SRR — | | | | N — A RRA
CH3
SRRl — ] | % il R,
CHy  CHa g
- SRR AR
Wild-type E. coli

http://www.biochem.arizona.edu/

CH3 CH3z
AR, — I — SRR
CHa

T
SRR — I R,

SRR — | u W — AR
SRR — R R — AR,

H CHa B
c |3 | w

..... LVEVALLVEVEVIETAVE &

merA~merB” E. coli strain

25



KLONOVANI — PLASMIDOVY VEKTOR

4. Transformace bakterii rekombinantnim plasmidem

Chemicky kompetentni buniky

o~ o =
- ""'\H T,

= Aliquot competent calls '

", i \ 1
) ¥ 1 1 _
rr@ o et
B 'G' Y v
|
Store at "B0 °C

Centrifuge - Resuspend bacterial -
B y | pellet in CaCl, solution |

o )

Log phase

E. coli culture

) amp" plasmid DNA

Plate

on LB + | ' Heat
e - ampicillin _ | shock
Tt | .
| Il
105-10% amp’
Ot 42 9C H,0 bath

colonies / pug DMNA

http://www.biochem.arizona.edu/
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KLONOVANI — PLASMIDOVY VEKTOR

4. Transformace bakterii rekombinantnim plasmidem

Elektroporace

Centrifuge | Resuspend bacterial Centrifuge " mesyspend bacterial |
P Y " | pelletin sterile H2O ~ pellet in sterile H,O |
S ey S
'(:- -\..j - - Haw
' . Chill on ice
Log phase
E. coll culture Use competent
cells immediately
r (._——_;;.‘l\.}l- —._\\ \ /f___.,-
amp’ plasmid DMNA ;
N,
=
U
Electroshock
Plate R J,
— on LB + W ) :
zﬁﬁé&‘i{f ampicillin N sy tEa
7 | | p————rr
108-107% amp' Saline buffer ==
colonies / pg DNA

http://www.biochem.arizona.edu/
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KLONOVANI — PLASMIDOVY VEKTOR

5. Rust bakterii na miskach s agarovym médiem, selekce pozitivnich klonu

Vector religation Vector + insert ligation Insert self-ligation

Amp+X-Gal plate Amp+X-Gal plate Amp+X-Gal plate

http://www.biochem.arizona.edu/

28



KLONOVANI — PLASMIDOVY VEKTOR

Plasmidy s promotory z bakteriofagt: T3, T7, SP6
pfilehlé ke klonovacimu mistu
in vitro transkripce inzertu z linearizovaného plasmidu

Plasmidové expresni vektory: silny promotor
Plasmidové vektory s primou detekci rekombinantnich klont:

bakterie s nerekombinantnimi plasmidy nevyrostou (plasmid nese
letalni gen)

29



KLONOVACI KITY

TOPO TA Cloning Kit, Invitrogen
5 min klonovani PCR produktt s Taq polymerazou (A na 3°konci)

aafa AT

Topolsomearase 13 Beverse Srimer Hind Kan Sacl BamHl  Spo

I |
t_..h.l\._r GARA ACA GCT ATG ACE ATG ATT AOE OCA RGC TTG GTA O0G AGC TOG GAT OCA CTR
(Y

GTC CTT TGT OGA ThC TEE TRC TR TED GET TOGF ART CAT GEC TOE AGT CThA GGT GAT

CCCTT
GEEA P

el | LooR bi:hl:ﬂ-'!

1
GTA ACS GCC GOC AGT GTG CTG GhA TTC GOC CTT P Y. coC GAR TTC TGO
CAT TGD 056 O0G TCA CAC GAC OTT ARG GG GRS O 005 OTT ARG ACG

b\:\:i Ry el Mo Xha ."B.'I Jii’m Apa

| |
AGAR TAT OCA TCA CRC TQQ ORGE OOG OTC GAG CAT QCA TCT AGA GEG OO0 e e
TCT ATA GGT AGT G AOC QOT GEC GRGE CTC GTA OFT AGR TCT OO0 GGG TTR AGT [EGG

FAAGGG

Tmcc T7 Froamcier BT Forsard (=200) Frrmes
RGET GRG TOG TAT TR AAT TCA(|CTG GOC GTC GTT TTA O OFT OFT GAC TEE GRA ARC
m | \\ TCR CTC RGC ATR ATE TTR AGT |GRC OGGE CRE CRA RAT G TR GCR CTG ACDT COTT TTG

e

Topolsomerasa

PCR Product

iments for pCR®2.1-TOPO®
| nucleatides
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DALSI VEKTORY PRO KLONOVANI

Bakteriofagy: bakteriofag A, ~ 50 kb genom
mista pro Stépeni RE, klonovani kratSich fragmentu DNA
Selekce rekombinantnich bakteriofagd: modro-bila selekce

Cosmidy: modifikované plasmidy, nesou sekvenci pro sbaleni do fagové ¢astice
Maji replikacni poCatek a gen pro Amp rezistenci — transformace
a replikace jako plasmidy
Usporadani do fagovych Castic — prenos mezi bunkami (transdukce)
Délka inzertt 40 — 50 kb
Selekce na zakladé velikosti

BAC (bacterial arteficial chromosome): DNA konstrukt (s replikacnim pocatkem)
az 300 kb inzerty
Human Genome Project

YAC (yeast arteficial chromosome): uméla sekvence s centromerou, telomerami,
autonomni replikacni sekvenci (replikacni pocCatek)
100 — 3 000 kb inzerty
Mohou byt vyuzity pro expresi eukaryotickych proteint v kvasinkach
Méné stabilni nez BAC (chiméry) 31



TRANSFORMACE DO EUKARYOTICKYCH MODELU

Kvasinky: v pfitomnosti Li*, Cs*; elektroporace

Rostliny:
* Agrobacterium — prosté ponoreni rostlin (pupenut) do suspenze
« Bombardovani zlatymi nebo wolframovymi Casticemi potazenymi DNA

» Elektroporace
 Transdukce — virova transformace

Zivoéisné buriky: transfekce (sc plasmidy, siRNA, protilatky)
CacCl,, elektroporace, kationickeé lipidy, kationické polymery,
opticka transfekce

transdukce

Pri stabilni transformaci — ko-transformace ,markeroveho® genu
Fuzni konstrukty (YFP, GFP) — fluorescenéni identifikace uspésnych transformantu

32



RADIOAKTIVNI ZNACENI DNA

Radioizotop 32p 358 3H 14C 131
Typ zareni B § p p B, v
T1/2 14.3 87.4 | 12.26 | 5730 | 8.04
dnu dnti let let dn(i
B energie 1.709 | 0.167 | 0.019 | 0.156 | 0.806

(Mev)
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RADIOAKTIVNI ZNACENI DNA

Znaceni delSi (~100 pb) sondy DNA:
,2random priming"*

denaturace

nasednuti nahodnych hexanukleotidu

g g
NH,,

3 5

+ Klenow polymeraza

+ dNTP

+ dCTP-a*?P
5 3

< EER el bk Ll




RADIOAKTIVNI ZNACENI DNA

Znaceni delSi (~100 pb) sondy DNA:
Jhick translation”

3’ 3’ [
3 5’ :

(M
_ OH P
b’m 3" duplex DNA containing a nick with a 3’ !
3 5+ OH created by DNase | ‘
(2)

OH P one to several nucleotides removed from the \
5'side of the nick by 5 =§»3’exonuclease

3 5’ activity of E. coli DNA polymerase |

]
[

(3)
- OH P 5 excised nucleotides replaced by incorporation,
i of labeled nucleotides by E. coli DNA )
3’ 5" polymerase |
(4)

Repetition of (3)and (4) result in trans- .
location of the nick and uniform labeling of
the synthesized DNA strand

http://bios-project.blogspot.cz/2009/03/nick-translation.html
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RADIOAKTIVNI ZNACENI DNA

Znaceni kratSi sondy DNA (oligonukleotidy):

ondy DNA 5
koncové znadeni P—JI}ILP |
5
5 M
HO
OHg!
vPATP ~ >
Y, 4 PNK
" ADP < ! T
55
= N B
N ‘ \> 0 o) ®5'
P A
. 0—P—0—P—0+—P—JoH
o | | |
OH OH
o B Y
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RADIOAKTIVNI ZNACENI RNA

Transkripce — SP6 a T7 RNA polymerazy

A | Awal
=5PB Haall ﬁ;mm T
Frui ] e Sall Ml Bam Mot knnl  Secl fea A
GAATACAAGETTGCA TG GoAGE TCGAL TE TAGAGEATCOCCGGGTACCEAGE TOEAATICOGGTET
|
|
i pEPT 18 @
Azl Acel
>5PE A1p71E Ema) Hindl L
FeaRl Sl Kowl  Xmel BamHl Xhal 52 Fsrl fena'll
U g R P U S— —
CAATACACGGAATTCEAGC TOEETACCCOOGEATCCT CIAGAGTOGALCT GLAGGCATGCAAGC TTGGGTCT
I I
1 pSPT 19 7

Al
s fesl
26

Wl pal bl
1EX: (e d



NERADIOAKTIVNiI ZNACENI DNA

* biotin — protilatka — enzym — sustrat

* biotin — streptavidin — enzym — substrat

* sulfonova skupina — protilatka — enzym — substrat

« digoxigenin — protilatka — enzym — substrat

* fluorescencni detekéni systém (rhodamin, fluorescein)

Pouziti chromogennich, chemiluminiscencnich, fluorescencnich substratu
Enzym konjugovan s protilatkou nebo streptavidinem
alkalicka fosfataza, peroxidaza, glukosidaza, -galaktosidaza
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NERADIOAKTIVNiI ZNACENI DNA

Direct detection

A,

BRRRRR
Probe IIIII

%? Fluorophore

Target I I

ho

http://www.jenabioscience.com/

39



NERADIOAKTIVNiI ZNACENI DNA

Indirect detection

O
TTTT

Target 111 Target
Probe Probe
Biotin
Streptavidin
Reporter
Fluorophare or enzyme Fluorophore
ho Substrate Signal

http://www.jenabioscience.com/

0:

Digoxigenin

— Antibody
Reporter
enzyme

hI.J Substrate Slgnal
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