RestrikEni endonukleazy
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Enzymy v molekularni biologi

Polymerazy — syntéza nového polynukleotidového retézce dle matrice

Nukledzy — stépeni polynukleotidového retézce
Kinazy — fosforylace substratu — pfipojeni fosfatové skupiny na 5‘ konec

Fosfatazy — defosforylace substratu — odstépeni fosfatové skupiny z 5°
konce

Ligazy — spojeni dvou koncl polynukleotidového retézce

Transferazy — pripojeni funkéni skupiny nebo nukleotidu (bez matrice)



Nukleazy

katabolické enzymy, stépeni polynukleotidového retézce DNA (RNA) od
koncl (exonukledazy) nebo uvnitr retézce (endonukleazy)

DNA nukleazy (DNazy): Bal31, Exonukleaza faga lambda (A), Nukleaza
Exolll, DNaza I, Nukleaza S1, Restrikcni endonukleazy

RNA nukleazy (RNazy): RNaza A, RNaza H, RNaza T1
Nukledzy vyuzivané pro editaci genomu: Cas9 — CRISPR/Cas9, ZFN, TALEN
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Restrikcni endonukleazy

1970: objev prvni RE — Hindll (bakterie Haemophilus influenzae)

bakterialni enzymy, spolu s metylazami soucasti restrikcne-
modifikacnich systému: ochrana bakterialnich bunék pred cizorodymi
molekulami DNA

omezuji propagaci bakteriofagl

Methylated
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/

Vasu and Nagaraja Microbiol Mol Biol Rev. 2013 77(1):53-72.
doi: 10.1128/MMBR.00044-12.



https://www.ncbi.nlm.nih.gov/pubmed/23471617

Restrikcne-modifikacni systém
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Ishikawa et al. DNA Research 2010 17(6):325-42 - DOI: 10.1093/dnares/dsq027

Action of a Type Il restriction—modification system. (A) Restriction
enzyme and modification enzyme. The modification enzyme protects
the restriction enzyme targets through DNA methylation. (B) Attack
on incoming DNA lacking proper methylation. (C) Enforcement of an
epigenetic state. After loss of the restriction—modification gene
complex or imbalance between restriction and modification, DNA
methylation decreases. The restriction enzyme will attack exposed
sites, killing the cell. Chromosome breakage may be repaired or may
generate a variety of mutated and rearranged genomes, some of
which might survive. Ds, double strand; rm, restriction—modification
gene complex; RM, restriction modification.
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https://www.researchgate.net/journal/1756-1663_DNA_Research

Restrikcni endonukleazy

sekvencné specifické nukleazy produkované bakteriemi

stépi obé vlakna dvouretézcové DNA

vetsSinou rozeznavaji palindromy

vyuziti:
priprava rekombinantnich molekul DNA
studium struktury, organizace, exprese a evoluce genomu

zaklad genového inzenyrstvi



Klasifikace RE

zalozena na strukture enzymu, kofaktorech a charakteru stépené sekvence

Typ I: vyzaduji kofaktory ATP, Mg?* a S-adenosyl-L-methionin, maji
restrikCni i metylazovou aktivitu

Typ Il: vyZaduji Mg?*, pouze restrikéni aktivita, rozpoznavaiji vétsinou
palindrom dlouhy 4-8 bp — vyuziti v genovém inzenyrstvi

Typ lll: vyzaduji ATP, tvori komplex s metyltransferazou
Typ IV: rozpoznavaji metylovanou DNA

Typ V: napf. cas9-gRNA komplex, vyuziti tzv. guide RNA



Restrikéni endonukleazy typu |l

vazou se na specificka cilova mista (4-8 bp), ktera maji ¢asto povahu
palindromu

stépi dvouretézcové molekuly DNA hydrolyzou fosfodiesterovych vazeb
obou rfetézcu v restrikcnim misté, které je uvnitr cilového mista nebo v
jeho bezprostrednim sousedstvi

restriction
EcoRﬁp enzyme

GGTCAEIREGCTGA ...

..........

mCCAGTCTTAAﬁCGACTm

AATTCGCTGA..

-GGTCAR GCGACT ... https://microbenotes.com/restriction
...C CAG T CRimEAR

-enzyme-restriction-endonuclease/



Cilova mista RE typu |l

rotacni symetrie - palindromy

I
5'... GAATTC...3' 5% GAA. TTC...3" 5... GAA| AAG...3'
= o !
3'.. CTTAAG..5' 3..CTT AAG.S5' g 4 bl o
Restriction enzyme recognition sequences... are rotationally symmetric... not mirror symmetric



zalezi na sméru retézce DNA (5’-3" nebo 3’-5’)
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Produkty stepeni RE

tupé (,,blunt”) konce (po Stépeni obou retézcu ve stejném miste)
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Blunt ends

kohezni (lepivé, ,sticky”) konce (po Stépeni retézcu v mistech obvykle
vzdalenych 1-4 nukleotidy)

5’-kohezni nebo 3"-kohezni (,,overhang”)
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5' Sticky ends

1717, MTWT g

3' Sticky ends




Spojovani fragmentu DNA

spojovani riznych fragmentl s komplementarnimi koheznimi konci —
tvorba rekombinantni DNA
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Nazvoslovi RE

napr. EcoRI

1. pismeno: pocatecni pismeno rodu produkéni bakterie (Escherichia)
2. a 3. pismeno: prvni dvé pismena druhu produkéni bakterie (coli)
4. pismeno: (ne vzdy) oznaceni kmene produkcni bakterie (RY13)

5. fimska Cislice vyjadruje poradové Cislo endonukleazy izolované z
dané bakterie

Je znamo vice nez 3500 restrikénich endonukleaz typu Il



Cilova mista nekterych RE

Examples of restriction endonucleases

Enzyme Recognition Number | Ends Original source of enzyme
site of bases | generated

EcoRI1 G/AATTC 6 5" sticky Escherichia coli RY 13
BamHl | G/IGATCC 6 5’ sticky Bacillus amyloliquefaciens H
Bglll A/GATCT 6 5' sticky Bacillus globigii
Pstl CTGCA/G 6 3’ sticky Providencia stuartii
Xmal C/ICCGGG 6 5" sticky Xanthomonas malvacearum
Smal CCC/GGG 6 blunt Serratia marcescens
Sau3A {GATC 4 5’ sticky Staphylococceus aureus 3A
Alul AG/CT 4 blunt Arthrobacter luteus
Notl GC/GGCCGC 8 5' sticky Nocardia otitidis-caviarum
Pacl TTAAT/TAA 8 3 sticky | Pseudomonas alcaligenes
Only one strand of the recognition site is shown, with a slash (/) showing the position
of the cleavage site. All the examples shown are palindromic. so the sequence of the
second strand, read as the reverse complement, and the position of the cleavage site,
will be the same as that shown. Thus the reverse complement of 5-GAATTC-3' is
also 5-GAATTC-3, and both strands are cut by EcoRI between G and A.




Cilova mista nekterych RE

s[NCLCERI> Hndi mp s 5 ¥

AT TCGAAFE; digest 3 5 -l A B
5 protruding ends

4C T GC A GE; Pstl - 5 3 s [e] 3

JGACGT CE; digest 3[e] s 3 5
3’ protruding ends

AGATATCENNN=CIVARN G A TE AT CH

JC TATAGE digest 4C T AR 4T A G

Blunt ends

https://microbenotes.com/restriction-
enzyme-restriction-endonuclease/



Restrikcni mista v genomect

Number of restriction sites

DNA - Genome

source size (kb) 4bp 6bp 8bp

1 pUC19 3 10 0-1 0.1
2 5V40 5 20 1 0-1
3 Bacteriophage A 48 190 12 0-1
4 Bacteriophage T4 165 660 40 2-3
5 Bacteria 4700 18400 1100 70
6 Yeast' 16000 62500 3900 250
7 Fruit fly” 120000 470000 30000 1800
8 Mammals® 3000000 11700000 730000 46000

f Haploid_ values (most somatic cells have twice as much DNA)




|zoschizomery a neoschizomery

Izoschizomery - RE se stejnym cilovym mistem a stejnym typem Stépeni

napf. Sphl (CGTAC/G) and Bbul (CGTAC/G) — jiny druh bakterii

mohou se lisSit ve schopnosti Stépit nemetylovanou a metylovanou DNA

Neoschizomery - RE se stejnym cilovym mistem, ale odliSnym mistem
rozstépeni DNA

napf. Smal (CCC/GGG) and Xmal (C/CCGGQG)

!

Tail ACGT
> %ACGT TG(ZA)OO()O(x
Recognition sequence TT GCA

Mas D ACGT S YOOKA CGTHoox
xxTGC A0
Recognition sequence TGCA



|zokaudamery

rdzné RE, které maiji odlisné cilové sekvence, ale vytvareji stejné lepivé
konce

spojovani riznych molekul DNA — vytvoreni asymetrické sekvence, ktera
uz neni restriktnimi enzymy stépena

Notl Bsp120I
GC*GGCC GC G*GGCCC
CG CCGG*CG C CCGG*G
GCGGCCC
CGCCGGG



Jednotka aktivity RE

Mnozstvi RE, které zcela rozstépi 1 ug DNA za 1 hodinu v 50 pl reakci pfi
optimalni teploté a v optimalnim prostredi (New England Biolabs)




Hvezdickova (star) aktivita

schopnost RE stépit kromé cilového mista také jiné - pribuzné sekvence

za optimalnich podminek je specificita RE velmi vysoka — napfr. u EcoRl
mezi GAATTC a TAATTC je rozdil 10°

za neoptimalnich reakénich podminek (pH, iontova sila, koncentrace
glycerolu) jsou RE méné specifické

Complete digestion

Incomplete cleavage | Star activity
/\

Bands lower
than the
smallest
expected size

https://www.thermofisher.com/us/en/home/life-science/cloning/cloning-
Iearr.1|ng-cent.er./|nV|trogen-schoo|.-oi.’-molecular-blology/n.qolect.!lar- a S a
cloning/restriction-enzymes/restriction-enzyme-key-considerations.html = INCUBATION TIVE = INCUBATION TIVE



Hvézdickova aktivita RE

Optimal conditions Suboptimal conditions
HAGAATTCH 3 AATTCH
dCTTAAGH JATTAAGH

Cognate site Star site

Optimal conditions Low ionic strength

MGGATCCE 4 GATCCE
ACCTAGGE ANCTAGGE

Cognate site

https://www.thermofisher.com/us/en/home/life-science/cloning/cloning- X
learning-center/invitrogen-school-of-molecular-biology/molecular- Star site
cloning/restriction-enzymes/restriction-enzyme-key-considerations.html



Restriction
digestion

Gel electrophoresis
analysis

PCR template

{uncieaved DNA) ——f——> = w—

Real-time
PCR analysis

https://www.thermofisher.com/cz/en/
home/life-science/cloning/cloning-
learning-center/invitrogen-school-of-
molecular-biology/molecular-
cloning/restriction-enzymes/restriction-
enzymes-genome-mapping.html
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