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y Klonovani

 Klasicka definice
— vytvareni noveho jedince geneticky identickeého (shodného) s predlohou

» Biotechnologicka definice

—spojeni vektoru s genem — vytvareni geneticky identickych
bunék/organismu nesoucich vektor s inzertem

Human clone

Gene clone
Cell clon , N
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rOZ§tépeny ‘ vektor
plasmid s inzertem
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Zakladnl kroky pri klonovani genu

1)

2)

3)

4)
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Stépeni DNA na
pozadovanych
mistech

Rekombinace -
spojeni DNA-
fragmentu
Transformace —
vpraveni
rekombinované DNA
do bunky

LacZ A
: A

—>

Gene of interest

A+
pTZSTRIT

3-D structure of
TnBgiB

Selekce bunék = 1 4+
obsahujici cizi gen Xt

Analyza klonované
DNA

Biochemical Characterization
of purified 7nBg/B

Purification and SDS-PAGE analysis

Transformed
bacteria colonies
turn white
Transformed
bacteria :> Colony PCR and
Rc\lmlmn Analysis

Untransformed Bacteria colonies
bacteria transformed with
empty vector turn blue
S Analysi : e
== = TnbglB sub-cloned in pET-2 la(+)
and propagated in £. coli BL-21
V\ MN\M!\ A CodonPlus (DE3)-RIPL
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-
- =t Recombinant £. coli BL21 CodonPlus
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Cultivation of cloned cells
and induce with IPTG

https://doi.org/10.1016/].prochio.2017.12.007
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; §iépeﬁi“DN A restriktazami

Neorientované klonovani - spojujeme fragmenty DNA s
vektorem po jejich rozstépeni stejnou restriktazou =
stejné precnivajici konce na obou stranach

Orientované klonovani - pro s$tépeni vektoru a
klonované DNA jsou pouzity rlzné restriktazy = riizné
precnivajici konce na kazdé strané

Restriction site ) ) .
Foreign DNA Plasmid — The fprglgn DNA and plasmid are cut with the same
ECTAGE w1 acz gene  Festriction enzyme, which recognizes a particular
sequence of DNA called a restriction site. The restriction
site occurs only once in the plasmid, and is located within

Ampicillin the lacZ gene, a gene necessary for metabolizing
resistance  |j.oce

gene

AMP'
GA?Q
* .:;c‘
Jee The restriction enzyme creates sticky ends that allow the
o G P foreign DNA and cloning vector to anneal. An enzyme
called ligase glues the annealed fragments together.

Sl oI
56‘“% T
L¥] ‘el
T
ne &%&c Y The ligated cloning vector is transformed into a bacterial
¥ host strain that is ampicillin sensitive and is missing the
Bacteria (may take lacZ gene from its genome.

up plasmid with or
without the insert,

e or may not take up
* plasmid at all).
4 Bacteria are grown on media containing ampicillin and
X-gal, a chemical that is metabolized by the same
pathway as lactose. The ampicillin kills bacteria without
/ plasmid. Plasmids lacking the foreign insert have an
Bacterial genome is intact {acz gene and are able to metabolize X—ga!. .
missing the JacZ gene. releasing a dye that turns the colony blue. Plasmids with
i i an insert have a disrupted /acZ gene and produce white
White colonies colonies

have plasmids
Blue colonies with the foreign
have plasmids insert.
without insert.

cut insert (what you want to put in) and vector (home you
want to put it in) with the same 2 restriction enzymes

EcoRI
& BamHIQ QP BamHI EcoRlI QD BamHOI
\ .o : & . »
\| 5'...GGATCC...3  5..GIAATIC..3'  [peop (™ Mg o
0% ~ 3'...CCTAGG...5 3'...CTTAAG...5 &3
do do
the rest

This generates DNA pieces with complementary “sticky ends”you

can mix & match (once you separate them)

...G3"  5'GAICC... o s 5'AATTC. .. ..G3 5'GATCC... ..G3 5'AATTC. ..
...CCTAGS' 3G... ...CTTAAS’ 3I8].. _..CCTAGS  3'G... ...CTTAAS’ 36 ..

purify the pieces you want 5y
. mix em
run an agarose gel to separate by size, then v >
cut out & purify those you want =] = 4

o0 , ‘%o ’
\/ stitch ‘em
T TN
DNA
-- f. =] e ligase

v

science/molecular-cloning-using-restriction-enzymes/

https://thebumblingbiochemist.com/365-days-of-
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Ligace = kovalentni spojeni vektoru s fragmentem

OH P
5°... GA ATTC ... 3°

SE}MPEPPEW wieioa 3 . .. CTTA AG ... 5°

P ( i P / OH

\ T samovolné pripojeni
i E LB L 5°... GA ATTC ... 3’
RN L

. CTTA AG ...

%EEEE spojeni Iigé% 5°... GAATTC ... 3°

+2XATP 3°... CTTAAG ... 5°
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Vytvoreni precnivajicich koncu - linkery |

ligace
5°... CCGAATTCGG ... 3~ , [cilova DNA
3°... GGCTTAAGCC ... 5° cilova DNA

} } }

CCGAATTCGG cilova DNA |CCGAATTCGGCCGAATTCGG
GGCTTAI}GC cilova DNA |GGCTTAAGCC GGCTTAA?CC
EcoR |

w

5°... AATTCGEcilova DNA|CCG -
GCJcilova DNA|GGCTTAA ... 5°

W
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| Klonovani produktu PCR -1 —
pripojeni restrikEnich mist a restrikcni stepeni

GCNNN TACGTCCATC

‘ATGCAGGTAG

}

GCTAGTGTCA‘
CGATCACAGT NNNCG
amplifikace

!

1

restrikcni stépeni

—

you can use use PCR to make lots of copies
of the insert

something with
insert you want

.=.

and you can use the primers to add on cut
sites you want

¥ e
= . | o W3
& %
this cutting leaves you with phosphorylated ends but the

primers are usually synthesized without phosphates - this
only comes into play if your vector is dephosphorylated

https://thebumblingbiochemist.com/365-days-of-science/molecular-
cloning-using-restriction-enzymes/



" Klonovani produktii PCR-1l - 3

TA klonovani
X —— . — ~ Gc ~  PCRILTOPO NLaz-Prom  pCRI-TOPO
Taq polymeraza vytvari jednonukleotidové " -O-

3‘-presahy, nejcastéji A

o -

N

T-vektor

pCRII-TOPO
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T -
s
~ e
=

4
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\ s
\
W

~ 58

DH5a™ Escherichia coli

D. Pérez Torres et al. / Revista Clinica (2011)
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Vneseni konstruktu do hostitele

e Transformace = vneseni

nevirové DNA do prokaryot a
nezivocCisnych eukaryot
vektor
» Transfekce = vneseni DNA s inzertem \
do euraryotické bunky

 Transdukce = prenos DNA
pomoci virovych vektoru
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Metody transformace/transfekce

LAk NG A n N )
Heat shock + CacCl, > >BIE

Delivery of proteins into the cell
- B

\ 4

I \ s
] I Bulk éléc(rop&raucn Single cell Nanofountain probe
A\ U localised electroporation localised electroporation
I
\
“““““ 42°G

Lipofekce Trans_f_t_)"r_'_r_t_\atlon

Elektroporace

Nanopore electroporation (NanoEP) Nanostraws electroporation system (NES)

Mikroinjekce a ,gene gun®

Cell membrane

Phospholipid Genes or proteins (phospholipid
bilayer to be delivered bilayer)
Cancer
cell
MAKE LIPOSOME Apb DNA FUSE LIPOSOME TO

OR PROTEIN CANCER CELL
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,Heat shock® w.om—

negatively-charged so they’d normally repel

DNA

I've got all this
negativity in my head

Ch emo kO m p e- i o '+ phospholipids ’_
tentni bunky s Prlda:tg(l))m,ib«r,] 4°C, : ——Ne
CaC| 2 | Mine's even in my hair!

lipopolysaccharides

It's in our back! Negative charges on DNA
Ca?*lets them stick -//\‘ g
‘(

Allow me to bring you
uys some positivity!

Prijem cizi DNA do

PO Ca?* helps the DNA get “in place”
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Calcium ions treatment

@@ [ Lipid loss Srpromdtm
®

Bacteria
Temperatu re treatment
@_ @ o o _ ,G @ ©)] (©]

00008 o 99009

. gm ~-Protein loss

42:0°C
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olnn
@

. ==+~ heatshockopens the

o S ‘. pores wider and
Selekce ~  helps some of the
transformantu . L (), DNAgetin
' | J
3 i

Ste @ wr e

https://thebumblingbiochemist.com/365-days-of
science/bacterial-transformation-heat-shock-
chemically-competent-cells/

DNA transferred into the cell

https://doi.org/10.3389/fmicb.2017.02169
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Elektroporace

 Elektrické impulzy zpusobuji vznik péru bunééné membrany a vstup
exogenni DNA do bunky

Before Pulse During E-field After Pulse
Cell membrane
Introduce Cell "heals" with
genes/drugs gene/drug inside
Au +
- MlTuk YTV + o~ -
> e
~ ™ ~ b
" + ~
= +

Electric field induces a
voltage across cell
membrane

https://www.socmucimm.org/news-media/bacterial-transformation-electroporation/
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Structure of the synthetic cationic lipid component of the TransFast™ Reagent.

Tvorba liposomu s enkapsulovanou DNA
Moznost transfekce oligo DNA, RNA, siRNA, YAC
* Hojneé vyuzivané u eukaryot

Moznost transfekce in vivo

DNA Escape to
Nucleus

Internalisation Endosomal Release

Cationic Liposome : U
Moghaddam, B. (2013). Design Cell Membrane
and development of cationic

I|p(_)somes as DNA vaccine Figure 1.5: Proposed mechanisms of cationic lipoplex condensation and uptake. In brief, cationic liposomes are attracted by electrostatic interactions to the negative charges of DNA forming
adjuvants. a lipoplex. Lipoplex binding to the cell surface followed by internalisation and then release of DNA from the lipoplex. DNA enters the nucleus and in the nucleus, RNA will be transcribed.



https://doi.org/10.1016/C2011-0-05817-9

’,,Gene gun“ a mlkromjekce e

 Mechanickeé vneseni DNA
do bunky — kvuli velikosti
,2vektoru® vhodné hlavne pro
eukaryota

« Mikroinjekce — vneseni DNA
primo do jadra bunky
(vajiCka, embryonalni
kmenove bunky...)

» ,Gene gun* (biobalisticka ool i
technika) — vstrelovani T yseen
n an O /m | krocaStI CoO ba I en yCh S:Qmiﬁg : Gene gun Helios™ by BioRad is used to transfect cells in cultures and plant leaves
DNA do bunek

Target plant cells



Y. aN ] 7 |
Selekce bunék s rekombinantnim genem !

1) RestrikCni analyza plasmidové DNA po minipreparaci
2) Inzercni inaktivace

3) a-komplementace

4) Hybridizace kolonii

5) Test PCR

6) Sekvenovani



" Selekce probiha primarné na zaklade

rezistence k antibiotikum
Cloning foreign DNA using E. coli, cont.

Klonovaci misto . B0 1 I{;’_‘iﬁ‘}?gg‘;g’“
Hostitelska bunka je senzitivni «O) 5
k antibiotiku | i

Vektor prinasi geny rezistence

selection of
transformed cells

All colonies Agar con.taining
l @ P 4 have plasmids tetracycline

replication & Colonies with
Puull recombinant

plasmlds for testing
Transformovana bunka je Determine coloniss
rezistentni k antibiotiku witiinspriusing.
selection on antibiotic
p| ates Agar containing Agar containing

tetracycline (control) ampicillin + tetracycline

https://library.uams.edu/assets/COM/BioChem/Molecul
arTools/MolecularToolsSDL10.html

colonies transferred

AR



" Inzeréni inaktivace — selekce na TETS 4

kolonie transformovanych
bunék

£coRl, Xapl 43
Astll 4284,
Sspl 4188

£c0321 185

Nhel 220
BamHl 375

Sgrhl 409 Pael 362

/ Xagl e22 TET

Sall B3
Boxi 712

Scal 3844

AMP

Pyul 3733

Vspl 3337 5 5 o o
Eco31l 3433 i preocko’va’nl sterilnim
Eam 1081 61 Bopal 072 paratkem

SsoMi 1083

Mva12691 1333
~.Eco130] 1359
Fco88l 1425

Mist 1444

Se TET AMP

AR, BpLUTIL 2473 ' Kpn2! 1664 inkubace pfres noc pri 37°C

gst11071
22441 || peyy
Bsahl 2225

an7

AMPR. TET®S kolonie
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4 Restrikcni stepeni plasmidu
q smér transkripce
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‘ kce ﬁ galakt02|dazy a-komplementace 1

@ N-konec
C-konec
Q}%

B-galaktozidaza
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Funkce 3-galaktozidazy

OH OH

OH
HO H
ST
| . o OH
Ve o iiabdhy-s0% / Lactose Hydrolysis, -50%

H OH
O HoOH OH
HO e o H o, H (o)
HO O
HO
HO
H OH OH HOH
Allolactose Galactose

! Glucose
| ® @ || ac Repressor with Allolactose

Lac Repressor bound to Operator

Glycolysis
n (7G ATP/Lactose)

Induction of Lac Operon

Figure 1: Diagram summarizing the functions of B-galactosidase in the cell. The enzyme can hydrolyze lactose to galactose plus glucose, it can transgalactosylate
to form allolactose, and it can hydrolyze allolactose. The synthesis of allolactose which binds to the lac repressor and reduces its affinity for the lac operon is as
a result of the presence of lactose. This in turn allows the synthesis of f-galactosidase, the product of the lacZ gene.

J Multidis Res Rev 2018
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enzymy pro metabolismus laktozy

Regulatory gene

4 B

5 3’
lacFmRNA

Y

lac operon
4 A 7
Promoter

g

e O lacZ gene [ lacY gene lacA gene

e
Operator
5/

lac-mRNA l 1 1

permease acetylase

Repressor B-galactosidase Galactoside Trans-
protein

© 2012 Pearson Education, Inc.

I kéduje represor

Z. koduje enzym beta-galaktozidazu (lac = glu + gal)
Y: kéduje enzym permeazu

A: kéduje enzym thiogalaktozidtransacetylazu

Induktor - laktoza

3’
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Regulace lac operonu

a) glc nepfitomna, lac nepfitomna CA ,
i promot operator

— vazba represoru na operator Q

b) glc nepritomna, lac pritomna
. CA
—> enzymova IndUkce pro ot operétor
<::::::>( re%resor :I

c) glc pritomna, lac pritomna promotor |operator

— katabolicka represe Q
represor
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Regulace lac operonu

NOTRANSCRIPTION
Glucose HIGH
Lactose LOW el
RNA polymerase bound RNA polyerase bound
to lacl promoter loosely to promoter
Glucose HIGH

Lactose HIGH

RNA polymerase bound
to lacl promoter

Glucose LOW

Lactose HIGH

RNA polerase bound RNA polymerase bound eré{
to lacl promoter tightly to promoter  “ 5

IacY lacA

Figure 17-10 Biological Science, 2/e © 2005 Pearson Prentice Hall, Inc.
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Regulace exprese 3-galaktozidazy

polylinker (MCS) IPTG

\/ Isopropyl 3-D-1-thiogalaktopyranosid

°Perat°f oc2 _ cmon |

OH
*& ‘ on

Medium nesmi obsahovat glukozu !
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" Vznik modrého zbarveni

HO

- - a4 . - ¥ -—-. e e . _

CH,OH

HO o OH
OH
H

/ H,0 OH H

s L i
0 : > >
OH B-Galactosidase \ Spontaneous
Br dimerization
Cl and oxidation

OH e cl
Br
X-Gal 5,5'-Dibromo-4,4'-dichloro-indigo

Dr. Subhadeep Sarker

http://seramporecollege.org/a-s-c/wp-content/uploads/2020/03/Blue_White_Screening_ss.pdf
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- Selekce na zakladé a-komplementace

« Cast genu pro p-
galaktosidazu je pritomna
na chromosomu, druha na
vektoru

* Bunka musi exprimovat obée
podjednotky soucasne, aby
vytvorily funkcni enzym

http://seramporecollege.org/a-s-c/wp-
content/uploads/2020/03/Blue_White _

Screening_ss.pdf

®  LiPTe)

lacZ 3'
F' Plasmid Q \ SEPPSS
_@_ - R R B 2 S
PAVAVAVAVAVAVAVAVAVAVAV

B-Galactosidase ‘

Plasmid vector C-Terminal
P ® Fragment
r"‘l \‘v
|| l‘t
| D
p-Galactosidase \\"\*--\
P N-Terminal + X-Gal - °
s a Protein
",' v NO X-Gal
\_ lacz 5' cleavage so
sequences bacterial colony
remains white
Y
A lati f
Dr. Subhadeep Sarker # m?;'('?c.t,’;r ;?Ed‘f,ct

results in blue colonies
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Selekce na zaklade a-komplementace 4

bunky bez plasmidu bunky bez plasmidu
LB médium LB médium, ampicilin, X-gal, IPTG
buniky s plasmidem bunky s plasmidem bunky s plasmidem
bez inzertu s dlouhym inzertem s kratkym inzertem

LB médium, ampicilin, X-gal, IPTG
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blue-white screening empty [antibiotic |
vector resistance
gene

IPTG w;&iderepressuon
-fragment
hostx

a-pep
gen
’ -

4

bacterial . \/ vector
DNA ‘ | \\ X With \
lacZAm15 J % |

: dimer .- ‘l‘- insert

a-peptide
a- cdmplementatlon

X

interrupted
HzO /

a funCtg':ln al  g-peptide gene
' our insert

hite colonies have y

X-gal '@

CH,OH I ' 7 hYdfO'YSIS &
e - A0
OH CH,OH
cl
I Br-‘J OH 0O. OH HM% s

5 5'-dibromo-4,4'-
dichloro-indigo

5-bromo-4-chloro-
3-hydroxyindole

galactose

S AN T,
blue-white screening

is a way to check if you inserted a sequence
into a plasmid vector

blue colonies don’t have insert

‘ﬁ gal part (a-peptide)

plasmid
vector

| needed for |
i blue-making
antibiotic

resistance

gene-;
LY

plasmid
vector

disrupted
by insert
both have plasmid if

they're able to grow
on the antibiotic

white colonies have insert

https://thebumblingbiochemist.com/365-days-of-science/blue-white-screening-2/
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Klonovani do bakteriofaga A

roste na bakteriich ve formeé plak

k infekci potfebuje jen asi 2/3 genomu
naklonovat lze az 20 kbp DNA

efektivne lze sbalit DNA o délce 78-105%

YV V VYV V
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Hybridizace kolonii

nylonova membrana

4

lyze, denaturace,

otisk kolonii na fixace
membranu
o oS < o O
o — &0 - &5
® e - -
o O " V4 V4
— otisk chromozémové
ey . ] DNA
bakterialni kolonie
(genomova banka)
RTG film

(- (-
/ Q/ = &
expozice inkubace pres noc,




' Testovani rekombinantnich plasmidu 1
metodou PCR

primery pro sekvenovani



FPotvrzeni pritomnosti inzertu vyuzitim primeru '
pro sekvenovani

primer 1
ﬁ
_
primer 2
primer 1
ﬁ
inzert délky X
_

primer 2
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Stanoveni orientace inzertu ve vektoru I

sekvenaéni primer 1 primer forward

ﬁﬁ

inzert délky X

__

primer reverse sekvenaéni primer 2

Amplikony vznikaji kombinaci primeru

sekvenacni primer 1 + sekvenacni primer 2 (délka amplikonu =N + X)
primer forward + primer reverse (délka amplikonu = X)

sekvenacni primer 1 + primer reverse

sekvenacni primer 2 + primer forward

VvV VVY

sekvenacni primer 1 9SJanal Jawid

ﬁﬁ

X Aj19p pazul

__

pJemio} Jawlid sekvenacni primer 2
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Sekvenovani

» rozhodujici metoda

» kazdy inzert je treba sekvenovat

A BEY | o g
P “ . as L
T -
B -= “
L= . -
*q 1 el
: B - -S
— -
- - cBw®
. — - AAAGC CTGGGGTGCCTAATGAGTGAGC TAAC TCACATTAAT TGC TGC C(‘ TCACTGCCCGCT'
- - - 180 190 200 210 220 240
—— -l -
= . m - ' A
-~ -5
e .- ..- z I'| tli
- o - po = — ‘1“\‘ ‘ ‘ '|'| ﬁll
- . o & — |ea t
- v TEaT
. = - - PCt GA .—'-.TCGGf CAACGCGUCGGGGA GAGGC GG
90 K|
- a - . : : 300
b J A
= - = ~ f\n | 1\
V " A
..~ ‘ : l| Hul I.| ‘,"ll\ """' “‘l"l /| ]I 4HI IL \
> { ' I\ ' (
2 N L Ul u o
- -— - 51 ACTCGCTGCGCTCGGTC GTTC GGC TG
, . . ‘ 350 360 370
-~ . ! "7‘
’ - - o |
\I l’JI‘I




