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Déleni enzymu
Dle typu reakce:

* Polymerazy — syntéza nového polynukleotidového retézce dle matrice

* Nukleazy — stépeni polynukleotidového retézce

» 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 funkcni skupiny nebo nukleotidu (bez matrice)

Dle typu substratu:

* DNA
* RNA



Terminologie

e Jednoietézcova oblast v dsDNA
Dvouretézcova DNA - dsDNA Jednoretézcova DNA - ssDNA
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Polymerazy

* syntéza nového retézce DNA (RNA) dle matrice DNA (RNA)
* 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 polymerazal

Klenowiv fragment polymerazy |

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

T7 RNA polymeraza

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

Reverzni transkriptaza



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
sif [s2| |s3. Is4
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Denaturacni gel
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Klenowuv fragment DNA polymerazy |

5‘-3‘ polymerdzova aktivita, pouze 3‘-5‘ exonukledzova aktivita

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
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S1f 1S2| |S3 sS4

fill-in reakce
polymerazova aktivita
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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



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 ptivodu (AMV-Avian Mieloblastosis Virus; M-MuLV- Moloney Murine Leukemia Virus), nyni obvykle
rekombinantni (ProtoScript, ...)

» Kofaktor: Mg?*
e \yuziti: syntéza cDNA
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Nukleazy

* Stépeni polynukleotidového fetézce DNA (RNA) od koncu (exonukleazy) nebo uvnitf retézce (endonukledazy)

» katabolické enzymy

DNA nukleazy (DNaz
y (DNazy) ENDO
Bal31
Exonukleaza faga lambda (A) Ez(o,_’ ‘ €= EXO
5-3 5 PO, O-O-0-0-0-0-0-0-0-0-0-0-0-O-O-o 3 3.5
Nukleaza Exolll 3 OH-O~-O-O0—-O0-O0-0-0—0-0-0-0-O0-0-O—0 P0,5'
Dnaza |
Nukleaza S1
Restrikéni endonukleazy — sekvencné specifické - samostatna prednaska o PCR
RNA nukleazy (RNazy)

RNaza A — DNA-dependentni RNA-polymeraza
RNaza H — bez templatu
RNazaT1
Nukleazy vyuZivané pro editaci genomu
Cas9 - CRISPR/Cas9
ZFN
TALEN .
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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 ramci 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
s1 s2. s3 |s4

Denaturacni gel
sif [s2| [s3 Is4
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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
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Nativni gel
s1 s2. s3 |s4

Denaturacni gel
sif [s2| [s3 Is4




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
s1 s2. s3 |s4

OH 3f

Denaturacni gel
sif [s2| [s3 Is4

5 PO, OH 3*




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)

S1 OH 3* Nativni gel
Y PO, 5° s1f |s2. s3] |s4
S2
Denaturacni gel
s1f |s2. s3] |s4
5'p0, O—O—0O OO0
sO—O0-O .
S3 O-O—-O-O-Os O—-O—-0O—-0O0H3



Sondovani DNazou | (Dnase footprinting)
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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
s1 s2. s3 |s4

51 5' PO, OH 3
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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)
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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
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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, pfipadné
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
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Cas9 nukleazy — CRISPR/Cas9

Bactaria)
genome oo} cosh cag crRNA
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RuvC = an endonuclease domain named for

crRNA = CRISPR RNA an £ coli protein involved in DNA repair

dCAS? = nuclease-debicient Cas9 sgRNA = single guide RNA
DSB8 = Double-Stranded Break tractBNA, TRNA = trans-activating ceRNA
ERNA = guide RNA TALEN = TransctiptionsActivator Like
HDR = Homology-Ditected Repair Effector Nuclease

HINH = an endonuclease domain named ZEN = Zinc-Finger Nuchease

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

C. Localization With Defective Cas9 Nuclease
With Paired Cas9 Nickases

™ QActivator
: \
Cas9 | Target A | \
- ' I ) Target B
bﬁmn Se— )\ 0 © Cleavage ; y
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Insertion/ ‘
deletion v v VGFP
F = [ —— S —T ) [Ny s o o | 4 1
4 ~ L ———— L ———— ) 1 ’
New DNA New DNA New DNA L — S |
Non-homologous Homology directed Homology directed ——er
end joining (NHEJ) repair (HDR) repair (HDR) Visualization

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.

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

Nuclear localization signal SpCas? ribanuciease

l Transfection into cells

Transcription of
Cas9 ribonuclease
+

ORNA

* CasS/gANA complex binds to proio-spacer adjacent motif (PAM) ste
and unwinds DNA.

* gANA binds to target locus in genomic DNA adjacent to the PAM sie.

* (Cas9 cleaves the 5° exons of the gene targeted by the three gRNA
plasmids at three specific sites.

* Target gene s disrupted,

{https://www.scbt.com/scbt/whats-
new/crispr-systems}
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ZFN nukleazy - Genome editin

b) DNA-Cleaving
Domain

ZFN Palr Recognizes

a) DNA-Binding
Domain

ZFN Pair Makes Double
Strand Break and
dissoclates from DNA

N BN and Heterodimerzes
m arcund Target Site
|

Each Zinc Finger Nuclease (ZFN) consists of two functional

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 g
DNA-cleaving domain comprised of the nuclease domain of Fok I. f ZEN Pair Delivered
When the DNA-binding and DNA-cleaving domains are fused ‘ ""':’If-"'_” by
together, a highly-specific pair of 'genomic scissors' are created.

NO REPAIRTEMPLATE
co-transfected with

ZFN Fair: 1-20% of cells
are mis-repalred resulting
in a Gene Deletion

Cellular Process Used: Non-
Hemologaus End Joining

Electroporation

REPAIR TEMPLATE co
transfected with ZFN Pass
1-20% of cells comain Gene
Integration 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.

21
{Sigma-Aldrich; https://www.sigmaaldrich.com/life-science/zinc-finger-nuclease-technology/learning-center/what-is-zfn.html}



https://www.sigmaaldrich.com/life-science/zinc-finger-nuclease-technology/learning-center/what-is-zfn.html

TALEN nukleazy - Genome editing

a Fokl
l
N-terminal TALE repeat C-terminal zgfr;iar?e
domalin domainls domain P sout
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TALE repeat C-terminal
domalin domainls domain

-tCGTCAGTTGCCACATCA-3'

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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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3547402/

Cas13 nukleazy - Genome editing

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

A ADAR;,  dCasi3b  guide RNA

5'——RB'

> >
, target A specified conversion of
by mismatching C target Ato |
on guide RNA
B
target mRNA . 176 E77 C78 R79 V8O EB1 A82 A83 G84 X85 F86 R87 T88 F89 Y90
(Cluc W85X) 5'— . AUU GAA UGC AGA GUA GAG GCC GCA GGA UMG UUU AGA ACA UUC UAU.,—3'

IR
U G ACCUGGAAGGUGUUG ACG UCU CAl

guide RNA  y  I1= 11 II1I1] :
Ug GGGGCUAUUACAACA — 3' |

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

Y A REL TR b b L
L CGG CGl | ACC AAA '“‘“—5'

{

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/

Genome editing

Bloinformatic analysis
TALEN or CRISPR /Cas construction
\ WS BBl BN P
LR IR
—
Viral vectors TALEN and Protoplast transformation

Plasmid constructs Agrobacterium mediated transformation

Proteins CRISPR/Cas delivery Gene gun transfecﬁon
mRNA Viral vectors

Ry 22
injection

Cell \?

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 v

Transgenic plants

~¢ Knockout plants
Isogenic cell lines X ﬁ New crop lines
Invitro disease models ) T
Knockout cell lines m
Transgenic cell lines
Cell therapy stuff =

Knockout lines
Transgenic animals
Human disease models
New livestock strains

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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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4207558/

Dalsi enzymy

Ligdzy — spojovani fragmentd 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 konci Oprava tupych konct

" ¢,

Nativni gel
s1 |s2. s3 |s4

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

SELF-ADENYLATION
OF DNA LIGASE

Adenyl
group

ONA Igases

T4 DNA ligaza

ADENYL GROUP
TRANSFER TO DNA

3

PHOSPHODIESTER
BOND FORMATION

Hydraxy!

el
P
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Uprava konctl ligaci

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

Adaptory Linkery
ﬂ'@'ﬂ)@‘@‘\ Q_Q_Q_g_lg_o_o PO, 5° A /E\’HJ‘H/W\ —O-Q-0-0-0-0-CO-0H 3
ALTIDUPRTWTY _65-0-0-0-0-0-0O ro; 5

S

Restrikéni misto
ADDPTE] LT CO00m:

* 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 (TdT)

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 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‘

EcoRt stos
Forewgn DNA
EcoRt ECORI
digestion aigestion
5 5 ¥
RABSIY €0 % 53 I U 09 B 00 Wt cu e "‘!][x][]
s 3 s
53 53
exonuciease exonuciease
10 expose reatment
3 ends
5 3 s'*”*r-'*—wr”"’*r’* '
TS B0 U S O B A N O D W R ! ¥
3 5 ¥ 5
Terminal Termina)
ransferase transferase
JATP arTe
5 FAAAAA A TTYTY
e =% T R g B =

Fig. 22.7: Construction of a DNA pi.

size compiemantary ends on the plasmid and

od p arfr
foreign DNA (after Russel, 1987)

d using the enzyme terminal ranslerase 10 synthe-

enzyme genetated 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 mUze byt nahrazeno jinymi NTP, popfipadé dATP, dTTP

Zdroj: nyni rekombinantni v E. coli

Kofaktor: Mg?*

Vyuziti: 5 terminalni znaceni DNA, fosforylace 5‘ konce, odstrafiovani 3‘ fosfatu z DNA
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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 f ¢ 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
Ho_ O
, o
P o_ s
N ~p SNV OH
Ho” o N
HO/ o /P§ 30



T4 polynukleotid kinaza (T4 PNK)

PROCESS OF PHOSPHORYLATION

{New England Biolabs; .neb. 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( pri klonovani, znaceni T4 PNK, odstranéni dNTP z reakce

HooH H H oy H
o w O N_ i O n | o w O N_ i O n |
NN N N H NN NN N H NN
Y=o l r ™ Y=o l o
H,C H,C
N\ N\\ XN N 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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DIGESTION

SINGLE-ENZIYME DIGESTION
(NON-DIRECTIONAL)

s . GATATC =
3 LCTATAG s

Digasted 5 a
DONA 3 5"

|

Klonovani

DOUBLE-ENIYME DIGESTION
(DIRECTIONAL)

GGATCC?'”S GAATTC

CCTAGG.s ||

W CTTAAG

S ——

{New England Biolabs; www.neb.com}



