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Harmonogram cviceni z genového inzenyrstvi — Jaro 2022

Teorie ke Ctyfem uloham bude probirana v uterky pro v8echny zapsané studenty spole¢né (3-4x v semestru),
v uCebné E25/209. Potfebné pomucky: notebook. U€ast povinna. Prakticka ¢ast bude probihat v cca 4
tydnech v semestru/skupina.

Pfiprava fuzniho
Klonovani endolyzinu CRISPR/Cas10 inaktivace faga CRISPR/Cas9 editace E. coli proteinu s GFP

Priprava kompetentnich Pfiprava kompetentnich Ptiprava kompetentnich Priprava kompetentnich

bunék E. coli pro
klonovani (Top10F’) a
pro expresi (BL21)

Nastépeni
vektoru pET28

Defosforylace Pietisténi
vektoru produktu, $tépeni

Extrakce z gelu

Ligace

Transformace

Izolace rekomb.
vektort lyzi
varem
Transformace do
expresnich bunék

Preockovani

Funkcni test citlivosti bunék

S. aureus k endolyzinu

Funkcni test PAGE a
zymogram

PCR genu pro
endolyzin

Extrakce z gelu

PCR nebo Stépeni
elektroforéza

bunék E. coli pro
klonovani (DH5‘ S.
aureus (RN4220)

Nastépeni

vektoru pCN51 Spajeni oligo

Purifikace
vektoru kitem

Kontrolni elfo
Ligace

Transformace do E. coli

Colony PCR Elektroforéza

Elektroporace do
S.aureus RN4220 pSpcl

Preockovani

Funk¢ni test citlivosti bunék
S. aureus k fagim 812 a 812a

Hodnoceni plak

bunék E. coli pro
klonovani (DH5‘ pro
expresi (BL21)

Nastepeni

vektoru Spajeni oligo

Defosforylace
vektoru

Extrakce z gelu
Ligace
Transformace
Elektroforéza

Colony PCR

Preockovani

Indukce exprese
Ptiprava mikroskopického
preparatu a mikroskopie

bunék E. coli pro
klonovani (Top10F’) a
pro expresi (BL21)

Vystépeni
genu pro GFP

Nastépeni vektoru
pET28_SH3

Defosforylace Precisténi
vektoru produktu

Extrakce z gelu Elektroforéza

Ligace

Transformace

Colony PCR Elektroforéza

Preockovani

Indukce exprese

Sonikace a purifikace fuzniho
proteinu na FPLC

Fluorescencni mikroskopie
bunék s GFP
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Uloha 1: Klonovani genu pro endolyzin v expresnim systému pET28a(+)
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Predstaveni vektoru rady pET pro expresi v E. coli

- klonovani a exprese rekombinantnich

proteinu v E. Coli

> pod silnym T7 promotorem
> Indukovatelny (IPTG)
- Exprese T7 RNA polymerazou
hostitelské bunky

- Vlysoka efektivita (rekombinantni

protein tvofi az 50 % proteinu v
burice)

> Nulova bazalni exprese (bez
induktoru se gen neprepisuje)

- Znaceni 6xHis tag na N nebo C konci,

proteinu

- Vysoko-kopiovy — 2 ori mista
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PET-28(+) klonovaci oblast — His tagy, promotor, MCS

T7 promoter primer #69348-3

tream primer #6 - -
;Eﬁs ream p 9214-3 T7 promoter lac operator Xba l rbs
AGATCTCGATCCCGCGAMATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGA
Neo His*Tag Nde | Nhel T7+Ta

TATACCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGCTAGCATGACTGGTGGACAGCAA
MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuValProArgGlySerHistMetAlaSerMetThrGlyGlyGInGin

Eag| ' thrombin
BamH | EcoR| Sacl _Sall Hindlll __Notl  Xhol His-Tag
ATGGRTCECGGATCCEAATTCGAGCTCCATCBACAAGCTTECGRCCRCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAMAGCCC pET-28al(+)

MetlIyArgGlySerGluPhelluLeuArgArgGinAlaCysGlyArgThrArghAlaProProProProProleulArgSerGlyCysEnd

. GGTCGGGATCCGAATTCGAGCTCCGTCRACAAGCTTGCGGCCGCACTCGAGCACCACCACCACCACCACTGAGATCCGGCTGCTAACAAAGCCC pET-28b(+)
_GlyArgAspProAsnSerSerSerValAspLysLeullallaAlaleuGluHisHisHisHisHisHIsEnd

.. GBTCGGATCCGAATTCGAGCTCCGTCGACAAGCTTGCGRCCGCACTCGAGCACCACCACCACCACCACTGAGATCCGGETGCTAACAAAGELC pET-28c (+)
GlyArglleArglleArghlaProSerThrSerLeulrgProHisSerSerThrThrThrThrThrThrGlulleArgleuleuThrlysPro. . .
Bpu1102 | T7 terminator

GAAAGGAAGCTGAGTTGGCTGCTGCCACCGCTGAGCAATAACTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTG

Tmminator primer #69337-3
pET-28a-c(+) cloning/expression region
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Klonovani do plazmidového vektoru pomoci restriktaz

https://www.addgene.org/protocols/pcr-cloning/

Ecu? Insert (YGOI)
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Donor [ Insert (YGO!) Di S | ]

. p nsert (YGOI) igest Insert (YGOI)
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Xhol
—Notl ol —Notl - EcoRl
Insert (YGOL)
Amp . _Matl
Ligate
EcoRlI

Recipient Recipient Notl Amp

Flasmid Plasmmid

ﬁ;.mp
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5] ECDH‘: I nsert (YGOI) I
3 Backbone
i |
GATACCTAEGCGGAATGTGGCATATETCGAAGTAEWTGGEATATCTCGAAGTAETEAGATAECTA[GEGGA
CTATGGATGCGLCTTACACCGTATAGAGCTTCATG ACCGTATAGAGCTTCATGACTCTATGEATGOGCCT
| | 3
Backbone 'h'-"ﬂ[f

5.!

Forward primer:

1. Navrh primeru (18-21 bp, zacina inicianim kodonem ATG)
5'-ATGTGGCATATCTCGAAGTAC-3'

2. Vybér vhodné restriktazy
EcoRl restriction site (GAATTC)
5'-GAATTCATGTGGCATATCTCGAAGTAC-3'

3. Pridat volné nukleotidy pro optimalni st€peni (3-6 nt)
TAAGCA
S'-TAAGCAGAATTCATGTGGCATATCTCGAAGTAC-3'

Reverse primer:

(5'-NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN-3
.... reverzné komplementarné (http://reverse-complement.com/)
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Klonovani do plazmidového vektoru pomoci restriktaz

. https://www.addgene.org/protocols/pcr-cloning/

EcoRl

TAAGCAGAATTC
ATTCGTCTTAAG

EcoRl
AATTC

vektor

PCR product

Insert (YGOI) Motl

GOGGCCGCTAAGCA
CGCCGGEGATTCGT

lDigEst and Gel Purify

Insert (YGOI) Mot

e Ligate | |

Recipient Plasmid MCS
| Xhol EcoRl Hindill Notl

|CTCGAGGAATTCAAGCTTGCGGCCGE
JGAGCTCCTTAAGTTCGAACGCCGGLG

iDigest and Gel Purify

¥hol EcoRl Notl
CTCGAGG GGLCGC
GAGCTCCTTAA CG

CGCCGG

Xhol EcoRl Insert (YGOI)

CTCGAGGAATTL
GAGCTCCTTAAG

Maotl
GLGGCCGC
CGCCGGCG
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Klonovani
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Postup klonovani

GGATCC
CCATGG CCTAGC

GGTACC | FlZ’
S
PCR pomoci primert s RE misty o Y

+ NcoI, BamHI; 37 °C/16 hod

l

Gen zajmu

GGATCC

CCATGG CCTAGG

G GGTACC
CATGG CCTAG

C
n \ i +T°4 llgazal R
= 22 “C, 60 min

1lysF1

G

Nastépeni vektoru pET28 prisluSnymi
restriktazami (Ncol, BamH]I)



Transformace E. coli

lysF1
‘\ E. coli TOP10F'
4+ +0,05M CaCl,
PET30 42 °C, 1 min

+lysozyme, Naj-acetate,

—\ lysF1 isopropanol O O O

lysF1
\ E. coli TOP10F' O

culture



Exprese heterologniho genu v E. coli

E. coli strain BL21(DE3)

Genotyp: E. coli B decm~ ompT- hsdS(rB-mB-) gal

- kmen obsahuje gen DE3 — gen pro T7 RNA polymerazu pod kontrolou promotoru lac
UV5 a laclq, IPTG je vyzadovany jako induktor nutny pro expresi T7 RNA
polymerazy.

- dcm (DNA-cytosine methyltransferase) - deficientni

- ompT (outer membrane protease) — deficientni

- hsdS (restrikCné-modifikacni systém) — deficientni pro restrikci a modifikaci

- gal operon — metabolismus galaktozy
BL21 (DE3)
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Exprese heterologniho genu v E. coli
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Funkcni test
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Funkcni test na plotnach

» Na agarovou plotnu s IPTG
carkujeme overené klony exprimujici
endolyzin

» PuUsobenim choloroformu lyzujeme
bunky (klony)

» Celé prelijeme soft agarem se
suspenzi usmrcenych bunék
S.aureus

» Pozorujeme z6nu lyze kolem klonu —
uvolnény endolyzin




Funkcni test - zymogram

endolyzin H2

- r
vysoka
koncentrace
endolyzinu

projasnéna

SDS PAGE

Gel na SDS PAGE obsahuje bunééné
stény S. aureus

Do jamek PAGE gelu nanasime smeés
proteinu z uspésnych klonu
Pozorujeme zonu lyze — endolyzin
degraduje bunécné stény

Kontrola over-exprese endolyzinu
obarvenim proteint na SDS PAGE
bez pridavku bunécénych sten S.
aureus
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Restrikcni enzymy - uvod
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Plsobeni restrikEnich enzymiu

Typy RE: I, 11, Il a IV

TYPES AND ACTIVITIES OF RESTRICTION ENZYMES

Type I Type IIP
Cleaves DNA at random sites far from its Cleaves symmetric targets and cleavage sites
L 5
recagmtmn SEquL‘I'ICE T"I'PG s
Type 11 Recognizes asymmetric sequences
Cleaves DNA at defined positions close to
s e Type I11
or within its recognition sequence T o
Cleaves outside its recognition sequence and
Type IIG require two sequences in opposite orientations
Cleaves outside its recognition sequence with within the same DNA
both REase and MTase enzymatic activities
in the same protein Type IV
Cleaves modified (e.g., methylated) DNA v
3
NH, prodluzovani
N fetézece
at
o ’ )
IS‘ konec N N/
0=P—0CH,
| 8] Deoxyribonukleotid (dNTP)
o NH,
=
3 konec | N
o1 "
y ] -glykosidicka vazba
Fosfodiesterova vazba ——————pp» I N Baze
0=P—0CH;
| 0
o
RE puisobi na Fosfat
fosfodiesterovou ;
Deoxyribosa

vazbu v molekule DNA OH 3¢ konec

Vznik4 esterova vazba mezi
3'"-OH skupinou stavajiciho
| fetézce a 5'-fosfatem
O vstupujiciho nukleotidu

+ PPi
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@)
|
CH, _
:()
) —|> —CH base 2
O _f = =g E
(@]

H—O dNTP3
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Definice jednotky enzymu

One unit 1s defined as |the amount of enzyme

required to digest 1 ug of lambda DNA in
1 hour at 37°C|in 50 uL of recommended
reaction buffer

Aktivita enzymu

v’ zavisla na teploté

v’ zavisla na typu substratu

v’ zavisla na Case

v’ zavisla na chemickych faktorech (druh pufru)
v’ zavisla na koncentraci (U)



Zavislost na case
Classic vs. FastDigest

or for

NdeI-Classic

e Incubate at 37°C for 1-[16 hours.

30 min

NdeI-FD
Incubate at 37°C in a heat block or water thermostat for|5 min|(plasmid DNA)

(genomic DNA), or for

No detectable degradation

>60 min(PCR product).

of 1 pg of lambda DNA due to

nuclease contamination or star activity occurred during

incubation with 1 pL of FastDigest Ndel for 6 hours. \

Longer incubation may result in star activity.




Zavislost na case / typu substratu

BamHI-FD

e 1 pL of FastDigest BamHI is formulated to digest up to:

— 1 pg of lambda DNA in 5 min.

— 1 pg of plasmid DNA in 5 min.

— 0.2 pg of PCR product in 5 min.

=t pgof genomic DNATTS mim, or 5 pg of genomic
DNA in 30 min.

NdeI-FD

e 1L of FastDigest Ndel is formulated to digest up to:

— 1 pg of lambda DNA in 5 min.

— 0.2 pg of PCR product in >60 min.

— T g of genomic DNA in 30 min, or 5 pg of genomic
DNA in 3 hours.




Zavislost na typu substratu

Enzyme Oligo Sequence Chain % Cleavage
Length 5 1y | 20 hr
Ndel CCATATGG 8 0 0
CCCATATGGG 10 0 0
CGCCATATGGCG 12 0 0
GGGTTTCATATGAAACCC 18 0 0
GGAATTCCATATGGAATTCC 20 75 >90
GGGAATTCCATATGGAATTCCC 22 75 >90
Enzyme Base pairs %Cleavage Vector Initial Cut
from End Efficiency
HindIII 3 90 LITMUS 29 Ncol
2 91 LITMUS 28 Ncol
1 0 LITMUS 29 BamHI




Zavislost na typu substratu

NEW ENGLAND be INSPIRED
4 . irive DISCOVERY
IO Srm. suay GENUINE Applications & Products Tools & Resources Support About

Prokaryotic Methylation

In prokaryotes, MTases have most often been identified as elements of restriction/modification systems that act to protect host DNA from
cleavage by the corresponding restriction endonuclease |Most laboratory strains of E. coli contain three site-specific DNA methylases.l

« Dam methylase—methylation at the N® position of the adenine in the sequence GATC (1,2).
+ Dem methyltransferases—methylation at the C5 position of the second cytosine in the sequences CCAGG and CCTGG (1,3).
+ EcoKl methylase—methylation of adenine in the sequences AAC(N®)GTGC and GCAC(N®)GTT.

Some or all of the sites for a restriction endenuclease may be resistant to cleavage when isolated from strains expressing the Dam or
Dcm methylases if the methylase recognition site overlaps the endonuclease recognition site |For example, plasmid DNA isclated from

|dam+ E. coli is completely resistant to cleavage by Mbol, which cleaves at GATC sites.

Mot all DMA isolated from E. coli is methylated to the same extent. While pBR322 DNA is fully modified (and is therefore completely
resistant to Mbol digestion), only about 50% of A DNA Dam sites are methylated, presumably because the methylase does not have the
opportunity to methylate the DNA fully before it is packaged into the phage head. As a result, enzymes blocked by Dam or Dem
modification will yield partial digestion patterns with A DNA.

Restriction sites that are blocked by Dam or Dem methylation can be un-methylated by cloning your DNA into a dam™, dem™ strain of E.
coli, such as dam™/dem™ Competent E. colf (NEB #C2925).

Restriction sitas can also be blocked if an overlapping site is present. In this case, part of the Dam or Dcm sequence is generated by the
restriction enzyme sequence, followed by the flanking sequence. This situation should also be considered when designing restriction
enzyme digests.

Eukaryotic Methylation

CpG MTases, found in higher eukaryotes (e.g., Dnmt1), transfer a methyl group to the c’ position of cytosine residues. Patterns of CpG
methylation are heritable, tissue specific and correlate with gens expression. Consequently, CpG methylation has been postulated to play
a role in differentiation and gene expression (4).

Note: The effects of CpG methylation are mainly a concern when digesting eukaryotic genomic DNA. CpG methylation patterns are not
retained once the DNA is cloned into a bacterial host.



Zavislost na teploté a pufru

Pozor na sou€asné stépeni vice enzymy! https://nebcloner.neb.com/#!/redigest

Home Page

RE Digest

Restriction Enzyme Single/Double Digestion

Sall

BssHII

Digest in NEBuffer r3.1

show Detailed Protocol

-

X clear 2nd selection

% Activity in NEBuffer™

Name Cat# Temp °C Supplied Buffer Add SAM
ri. rz.1 r3.1 rCutSmart

Sall R0O138 a7 NEBuffer r3.1 NO 10 10 100 10

BssHII RO199 50 rCutSmart Buffer No 100 100 100 100

Name Time-Saver ™ Heat Inactivation (*C) Methylation Sensitivity

Sall Yes 65 Cpg (Blocked)

BssHII Yes 65 Cpg (Blocked)
Motes:

1. Digest in NEBuffer r3.1 (or NEBuffer 3 + rAlbumin) at 37 °C with Sall, then add BssHIl and raise temperature to 50 °C.

2. Sall has a High Fidelity version Sall-HF. High Fidelity (HF) Restriction Enzymes have been engineered for reduced star activity and have 100% activity in rCutSmart
Buffer which may simplify your double digest.




Zavislost na koncentraci

Mensi koncentrace enzymu premeéni stejné mnozstvi substratu za delsi Cas.

Casteéné expirovany enzym lze kompenzovat:
1. Prodlouzenim doby inkubace.
2. Pridanim poctu jednotek (U/reakci)

Uzitecné odkazy a zdroje:

https://www.thermofisher.com/cz/en/home.html

https://international.neb.com/

https://www.neb.com/~/media/nebus/files/chart%20image/cleavage olignucleotides old.pdf

https://www.neb.com/~/media/nebus/files/chart%20image/cleavage linearized vector old.pdf

https://international.neb.com/tools-and-resources/usage-guidelines/nebuffer-performance-chart-with-
restriction-enzymes

https://nebcloner.neb.com/#!/redigest

https://nebcloner.neb.com/#!/
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