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GENOVE TECHNOLOGIE

Zakladni technologie rekombinantni DNA:
Zakladni technologie rekombinantni DNA - enzymy, vektory, metody transformace, konstrukce genovych knihoven.

1 GENOVE TECHNOLOGIE — Z&kladni technologie rekombinantni DNA




5 TTGIEATCCT Ty s EERETCT T o

3 G CTAG Ga 5 TETAGAL . 5

RestrikCni enzymy v -

e ’ s v 7 . g . wvgr vy r v y ¥ CCTAG s 7 O 5'
— Bakterialni enzymy vazici se na specifickou sekvenci a Stipajici obé vlakna ®

— Ochrana bakterii pred cizi DNA (viry)

ANNEAL

'3'

i CCTAGA. 5

— Jsou citlivé na metylaci DNA

m

— RozliSujeme dva zakladni druhy: O
Ligase
Typ | — Stipou retézec DNA 1000 a vice bazi od rozpoznavané sekvence
5 MG GATTCT o
Typ Il - Stipou rfetézec DNA v misté rozpoznavané sekvence (tupé, ostré konce) ! hc-“-mgs'
Podet rozpoznavanych bazi uréuje miru fragmentace cilové DNA
— Spojeni fragmentul - ligaza (T4 ligaza) 5'- GTTAAG -3' 5'- GAATTC -3/ —
3'- CAATTG -5’ 3'- CTTAAG -5’ 3, CCTAGA | 5
'
CUT BY Hpa1 CUT BY EcoR1 @D Taop 1 pi
5'- GTT| |AAC -3 AATTC -3’ s EERTET™ ¢
3'- CAA TTG -5' 5'-G G -5’ ¥ G CTAG A 5
3'- Cm OMNE PIECE
BLUNT ENDS STICKY ENDS IVI U
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apoenzyme  non-specific  specific DNA NS
DNA complex complex
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Restriction Fragment Length Polymorphism

\ \/ e : .
cC Pouziti mis-match primeru
A A
cG Y Y — GGAATCG
Y \ \
GG i 1 1 — —— GGAATCG
GGAAACGTGTTA
cC CG GG Electrophoresis to
— e Separai‘e by size Taql _ TCG'A
/ o \
Parent 1 Parent 2
Homozygous for Homozygous for
the C allele the G allele
(or CC genotype) (or GG genotype)
Baby — —
Heterozygous for the C and G dllele
(or CG genotype)

—
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Fragmentaza

— Pouzivana k fragmentaci DNA u NGS Dzz::: Em

— Smés dvou enzymu (DNasa | a SD (strand-displacement) polymeraza)

i
-

Long dsDNA g, i,
o 10 Kb — g T —
Nicking by DNAse | FKD — m— '
— — 1.5Kb
1 Kb — s » e — 1.0Kb
[ S— L —-_‘-
Strand displacement DNA polymerization F — 0.5 Kb
\ \ with SD polymerase = i [
- - - .
<
N N — 0.1Kb
G Disjointed dsDNA fragments with et
overlapping sequences
Fragmented dsDNA Ignatov et al. 2019
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Klonovaci vektory

— Specializované plazmidy (jiné elementy) nesouci cizorodou DNA za ucelem studia/manipulaci

— V soucasné dobé pouzivame rovnéz arteficialni chromosomy a viry

— ZAakladni vlastnosti klonovacich vektor(: Rtjm,'1 R;i:,‘a R;ygm,ts R:;:,:
- mala velikost (snadna manipulovatelnost a izolace) + = - —
- snadny pfenos mezi burikami transformaci \”f' e steter /
- snadna izolace z hostitelského organismu ;}jymez - enzyme*(e\\\
- snadna detekce a selekce /}7 | \
- vyskyt ve vétSim poctu kopii (kontrola ori mistem) |"'/ ‘)
- mnohocetné klonovaci misto pro vliozeni klonované DNA \\ |

\ /
\ y

™ g
N S

\\ Plasmid """
\\_‘_—//’

- Metoda detekce pritomnosti viozené DNA ve vektoru

Clark and Pazdernik, 2016
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Klonovaci vektory

— Moznosti kontroly viozeni DNA:

- insercni inaktivace (gen rezistence na ATB)

- ccdB gene (gen smrti interferujici s aktivitou
DNA gyrazy) ntips:/ink springer.com/article/10.1007/BF00280310)

- alfa komplementace (3-galaktozidaza)

— Kvasinkové vektory zalozena na 2 circle

- ori misto dvou organismU, Cen sekvence
- selekce na zakladé syntézy AK

TYPICAL BACTERIAL VECTOR YEAST SHUTTLE VECTOR

_ MCS  Bacterial Origin and Yeast origin
Bacterial terminator replicalion genes of replication
promote ) / for bacler ]

h ! Anftibiotic v Leucine
e resistance biosynthesis

gene QEHGC\‘{} vy gene for
CLONING | SHUTTLE | | selection in

PLASMID VECTOR | yeast
Origin of replication . . Y':;st centromere
% Gene for {bacterial) B Multiple cloning sequence
antibiotic resistance site
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INSERTIONAL INACTIVATION

Antibiotic
resistance gene #1

LIGATE
INSERT INTO |
Vector | ANTIBIOTIC
J| RESISTANCE ||
(/) 'GENE#2
=
f kCLIISiIe
Antibiotic

resistance gene #2

CELLS CARRYING VECTOR
ARE RESISTANT TO
BOTH ANTIBIOTICS

Vector
plus
insert

Insert

CELLS CARRYING VECTOR
WITH INSERT ARE
RESISTANT TO FIRST

A ANTIBIOTIC ONLY

ALPHA COMPLEMENTATION

e

&5
’

! Plasmid | | || Chromosome | Plasmid Chvomosome |
W o L L ‘
& £/ LY, £/ L l)
Wt e ;U \
f \FacZa ' . lacZr is g
MCS split

TRANSCRIPTION AND TRANSLATION

Z)

« fragment combines with
rest of LacZ protein to
form active -galactoside

f-gal metabolizes
B X-gal to form blue dye

Clark and Pazdernik, 2016

TRANSCRIPTION AND TRANSLATION
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No o fragment so f-gal
is inactive

f-gal cannot metabolize
X-gal and bacteria stay white
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Virove vektory

— Bakteriofagové vektory

- upraveny, tak ze mohou nést ne-virovou DNA v
kapsidé

- spojeni cos sekvenci = tvorba replikacni formy
(RF) replikované valivou kruznici

- muze byt vloZen insert o velikosti 37 az 52 kb
- vyuziti pomocnych virt pro sbaleni DNA do
virovych castic
— Cosmidy

- vysoce modifikovany lambda vektor majici
pouze cos mista

- nutnost sbaleni pomoci pomocného faga
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LAMBDA REFLACEMENT VECTOR

cos

- -

Integration and |

recombingtion |
1

- fele
g 10 S0/ 40 48
Head and tail " MNonessential region : Regulation and
C proteins (mjay be replaced by cloned DNA)  DNA synthesis
COSMID ) D (amber
DNA insert moR lysoge
Hcos; 50 kﬁ- ﬁ-— oy INDUCE
L i LLYSIS
INVITROBACKAGING: Y .. ;
Tails ! Tails A
1 Assembly proteins, 1 Assembly proteins,
Protein D Protein E
: No pre-heads | i No pre-heads i
 —Tail 1 (due to lack of E) ; 1 (due to lack of D) ;
al 2 ivsoeceaEdell | doespsiEieinset
Lambda DNA
Linear form with insert
INFECTION @
Bacterial SUCCESSFUL PACKAGING
Circular chromosome

i p— i
form ~

'1___5&5\\_’_,._‘_,_ - - ._,»:'

E. colicell

D

Clark and Pazdernik, 2016




Arteficialni chromozomy

— Slouzi pro manipulace s velkymi ¢astmi DNA (150 — 2000 kb)
— Zahrnuiji:

- kvasinkové arteficialni chromozomy (YACs)

- bakterialni arteficialni chromozomy (BACs)

- P1 bakteriofagové arteficialni chromozomy (PACs)

— YACs obsahuji centromeru a telomery pro trvalé udrzeni v
kvasince

— BACs jsou cirkularizovany a mnozeny v bakteriich (ori misto
a gen rezistence)
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LEUZ2

|

ARS1

CENS3

TEL
TEL

Transform into yeast
spheroplasts

——E-

TEL LEUZ

Trends in Biotechnology 2000, DOI: (10.1016/S0167-7799(00)01438-4)

Mm&ﬂ
\

@ Bacterial plasmid

ARS1 CEN3 TEL

trends in Biotechnology

yal

Escherichia coli
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Transformace DNA

— Transformace je proces, kterym se cizi DNA zavadi do buriky. ~ _'” :

— Kompetentni bunky E. coli

- pouziti vapenatych iontl a teplotniho Soku pro zvyseni
permeability bunécneé stéeny a membrany

Before Pulse

Cell membrane

~ L 3
B —
& +

During E-field

Introduce
genes/drugs

Electric field induces a
voltage across cell
membrane

After Pulse

Cell "heals™ with
gene/drug inside

(" (P e
- pouziti elektroporace pro otevieni bunecné steny a | rensiomaten ) | Yenele
membrany H:Q Ii" .
— Kompetentni kvasinky: °' _,-@; I mﬁg&
- kombinace octanu litného, jednovlaknové nosné DNA a /
polyethylenglykolu (PEG) o & <>

7o

Electroporation:

QA
=
i RERRR
O i
&>

1
T

o
.
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Cut site

DNA kniho t 4y ¥ ¥ —
y sl BEearic Bacterial colonies
WITH 4-BASE SPECIFIC on agar each carry

RESTRICTION ENZYME a cloned fragment

of DNA
- POUiivané pI'O € ] + + ) + Mixlu;eogjér:arlems,
, , o y o with cut sites
- nalezeni novych genu _— s
= [ 3 TRANSFER TO
_ SekvenaCi genomlj MEMBRANE OR FILTER
., , o o , . o CLOME FRAGMENTS ‘
- porovnani genu z ruznych organizmu INTG JEcTOR Oﬁ[gg;g;*
— Zakladni kroky v ramci tvorby knihovny: O
- izolace chromozomaini DNA . O o
- nastepeni DNA restrikCnim enzymem U O ArSiE Cr DRI CELLE
- linearizace pfrislusného vektoru L. —
INTO BACTERIA ADD LABELED DNA PROBE

- vlozeni fragmentl do vektoru

- transformace do E. coli N Probe binds to DNA
each carrying from colonies with
different matching sequences

v cloned fragment

of DNA

Clark and Pazdernik, 2016
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Eukaryotické expresni khihovny

— Vektor obsahuje sekvenci nutnou pro transkripci a
translaci

— Konstruovany z komplementarni DNA (cDNA)

— Identifikace novych genu, sestfihovych variant
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Protein
bound
to me Tbrane

oo LYSE CELLS AAA A
7
°° EXTRACT &
PURIFY mRNA AAAA
Eukaryotic mRNA mixture

cells

REVERSE TRANSCRIPTASE
USING OLIGO(dT) PRIMER

5 LYY 3 mRNACDNA
i TEETER 5 Heteroduplex ADD ANTIBODY
SPECIFIC FOR TARGET PROTEIN

RIBONUCLEASE H

3 TTTTTE 5 fglhsljf-strandad

1) DNA POLYMERASE |
2) 81 NUCLEASE

) AANEAN 3 Double-stranded
3 TITIIT. 5 cONA
LIGATE LINKERS 7 Cut site
il R e ADD SECOND ANTIBODY THAT
—— BINDS FIRST ANTIBODY
Linker
s AARARA T
— L
' 0
il
DIGEST WITH Cut site
RESTRICTION ENZYME
AARAARA
- LLLLLE
Sticky end

LIGATE INTO VECTOR




Klonovaci strategie

— TOPO klonovani (Thermo)

- vyuziti topoizomerazy |
- Vaccinia virus topoizomeraza | specificky rozpoznava sekvenci e ] iﬁﬁ%
5-(C/T)CCTT-3 L ™ iy

. , . v v , . =y
- topoizomeraza je kovalentné prichycena na 3°konci vektoru /ﬁ R T0R

e
Perform PCR with Tag ora 1. Add 1 pL of PCR reaction to 1 pL 2. Incubate 5 min at 3. Transform the competent g T,D PD
proofreading polymerase. of TOPO cloning vector. room temperature. E. coli provided. =
Fx 39kb
OR
- Figure 3. The pCR2.1-
‘ TOPO TA Vector.
A i €
cloning » » [
vector |
Topoisomerase | recognition sites
P, 5 min at Jj?"‘;?i
a"‘h.\‘;" ﬁ%gg I room temperature - ﬁl""’“
| r
s/
— CC GEG
/® ®— 3 phosphate * .. G TTGCC .
. gg{é‘l;r | /'/ Topoisomerase |
z 5.‘;.-:?:\- is released
IOPO e
TOPO TA cloning vector Tag-amplified PCR product Ligation complete

Il I
[
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Klonovaci strategie

— TA klonovani

vyuziti vlastnosti Taqg DNA polymerazy pridat na 3’konec A
pMiniT 2.0 (toxic mini-genes) (NEB)

- pPGEM-Teasy (modrobila selekce) (Promega)
H ¢ o
|' Galactosdass M. Ty E - ! H_ .
X-Gal <\/ _ . F\E:\,»- N Mf\l
oS, R
: Y i Br = /“H—-u S Br
a }
o o oo
HO OH
H 1 2
Xmnl 2009 1

Scal 1890 Nael 2707 :;a\ 1 start

\ Aatll 20

1 ori Sphl 26

BstZl 31

Ncol 37

Amp" Noti | 43

pGEM®-T Easy lacZ g;jé“ 49

Vector ! EcoRl | 52

(3015bp)

Spel 64

EcoRlI 70

Notl 77

BstZ| 77

Pstl 88

ori Sall 90

Ndel 97

Sacl 109
BstXI 118 &
Nsil 1‘21';' §
>
T sps g
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BseYl 2105 Flanking
Toxic Minigene
AlwNI 2000 Cloning Site

Blg2i 100
Alel 144

Ndel 208
Nrul 226

Sapl 2526

BsaXl 2541

Poil - At 2408

o
Conslitutive '

Pramater

Drdl 2307
Bsall 2249

Sites

pMiniT 2.0
2588 bp

Xmnl 921
Begl 1017

Bmrl 1481
et e Fsol 1298 Stal -Rsal 1040
BsrFl 1436 Puul 1152
Bl 1403

NmeAlll 1373

Features within Sequence Flanking the Toxic Minigene/Cloning Site

Claning Anatysis Forward Primer SbllPstl

 MEC TEL CAA CCA AAG CEA GAA CAA AAC ATA ACA TCA AAC GAA TCE ACC GAT TGF TAG GTA ATC GTC AL T

1
5PS Promoter !
Pmel —_—] PsprliXhol | BamHi | EcoRl
6 IaA ACG CATSTTAIGRTOGACOARELATANGA: GTG TGT ATC GCT CGA GGG ATC CGA ATT CAG GAG BTA AAA ACC
37 ATI TGC GTA AAT CCA CTG TBA TAT CTT CAC ACA TAG LA GCT CCC TAG GCT Ta GIC CTC CAT TTT 766

ot ————— e

INSERT

Lo o AT AT
I TAC T

€ OTGA Tah TAA...
B ACT ATT ATT... |

Met Ila (interrupted)  + ¢+

| Two Aming Acid Toxic Minigena with Cloning Site Shown

SIS = ==

{As diagrammed, minigane inactivaied if insert cloned into site} |

Pazl ZraliAatil EcoRl/Xhal MotiEagl BsmBl
& TTAATT AAG ACH TCA Ak TG TG AGE COG CEA CAT 676 CRIGTC CLT AT STG AGT £GT ATT AAT TTC GCH GGC
37 AAT Taa TTC TGO AGT CTT AAG AGC TCC GEC GOC GTA CAC LA GAG GEARYATECACSTCAIBCALTRARITA AaG COC CCO
#
T7 Promater
§' GOA ACC CCT ATT TGT TTA TTT TIC TAA ATA CAT TCA AAT ATG TAT CLG CTC ATG AGA CAK TAA CCC TGA 3
37 CCT TG GGA TAA ACA AAT AAA ALG ATT TAT GYA AGT TTA TAC ATA GBE €AG TAE TCT GFT ATT GoG AGT 5
-
Glaming Anatysis Reverse Frimer

Pmel

AGG AAG BIT
© T86 ACG GTT GGT TTC GET CTT GIT TT6 FAT TGT AGT TT6 CIT AGC T66 CFA ACA ATC CAT TAG CAG TGG ACG TCC TTC CHA

=
(qup Y ==
i




PHAGE
DNA

Klonovaci strategie

— GATEWAY klonovaci vektory (Invitrogen-Thermo)
- vyuziti enzymu faga lambda integrazy a excisionazy
- pouziti ENTRY a DESTINATION vektord
- LR reakce odstranuje gen zajmu z attL mist a vklada ho do attR mist T
- BP reakce odstrani gen zajmu z attR mist a vlozi ho do attL mist.

MULTIPLE CLONING SITE

e — >
>—_ T _
SESxSopmE 5525
[ZXZ 0o W =X u|
atil
2 BOP
' GATEWAY® Gene of Interest coaB Gene of Interest
CLONING B i, 8
| atiL1 48 -, ar.2 atm1 atiR2 atBi a2 atP1
W ENTRY VECTOR & L/ . 4 ’ \ {’ ‘
Q JII‘..
: ) | |
\0'\9} II ENTRY -+ DESTINATION Litd unase' DESTINATION +
g ¥ ll. VECTOR VECTOR - — VECTOR
\\’/ BP clonase

i KanR AmpR AmpR
15 GENOVE TECHNOLOGIE — Zakladni technologie rekombinantni DNA

attP

FOP

atté

BOE'

EXCISION
REQUIRES
INT & XIS

PROPHAGE

Clark and Pazdernik, 2016
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Expresni vektory

— NejCastéji pouzivany promotor lacUV (upraveny lac promotor)
- misto pro vazby RNA polymerazy
- misto pro lacl represor
- misto pocCatku transkripce
- misto ukonceni transkripce

— DalSi ¢asto pouzivany promotor je lambda left promotor (P,)
- misto pro vazbu lambda represoru
- nejCastéjSi aktivace zvySenou teplotou (42°C)

Transcription

Cloning sites », ~ terminators
LacUv N & o ‘/

promoter
N4 °

EXPRESSION
VECTOR

Clark and Pazdernik, 2016

— Expresni systémy rovnéz vyuzivaji promotor vazajici pouze RNA polymerazu T7 bakteriofaga

- kmeny E. coli nesouci T7 RNA polymerazu po kontrolou induktoru

— Expresni vektory ¢asto obsahuji sekvence pro rizné kotvy (6His, Myc, FLAG, S-tag, MBP)

GENOVE TECHNOLOGIE — Zakladni technologie rekombinantni DNA
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6HIS TAG

Bakterialni expresni vektory —

— PET, prSET E. coli T7 expresni vektory _ .
- exprese v bunkach BL21(DE3)pLysS B

— pMAL expresni vektory o
- obsahuji maltose-binding protein (MBP) )

Ava I(i58) Binds to 6His Antibody
A or binds to a nickel column

Sac o
MYC OR FLAG TAG

e 6679
: Mscl 667 i e
' o PMI 7 Q"}}ﬁ’lﬁd—ﬂﬁﬂa Cloned gerg
Bpulol 6547 | i e
Wy Miul 431 > A
o8
L

/ BStEIl 612 Q@P

PAFI - Tth111l 5801 S S /
\ 4 apal- Q¥
AEp BsLZ1TI 5677\~ Vo P?lmﬂ & " TRANSCRIPTION & TRANSLATION " TRANSCRIPTION & TRANSLATION
SarA I(s40) Sanl 5768 N\ &, . . FcoRV 878 :
Sca I(4905) ap! y ©f oy P \ 4
B ees) Soh li9se) Pcil 5648 .\‘>/ —Hpal 935
EcoN I(1056) P (" Kasl - Narl - Sfol 1070
Pst 14760) —— / N - Narl - 5fol
paB I( . \ = - .
Bsa li4s7e) ‘."‘I o '\\_\’}) m’\\\f\’;—)Q
Eam1105 l(43s7 { g plieaver | AcchSI- Kpnl 1560 b b
PET-32a(+) i ' PMAL-plil T g ts0 @ 4 @ 4
(5900bp) Bd l(152s) | 6706 hp | 3] - ")
BSIE Il{1702) 1§ | D Q
Bmg I(1730) Nael - NgoMIV 4763 - & ‘;'_',\'* Bsiwl 1878 { oo
AlwN I4038) Al —X ‘%. &/ “pgm 1047
BssH li(1932) Dralll 4657 - 4? Q\\ gl
Hpa I2027) _,;\ . BmgBl 2131
Swal 44347 “Bsml 2202 _ .
BspLU11 Iiz622) Abdl 42607 N 1” Bipl 2373 B Antibody to Myc used to detect Antibody to FLAG used to detect
B expressed protein expressed protein

Sap I(3506) PshA I(2368) -
Bst1107 I(3as3) ™~
Tth111 (3367
BspG I3148)

Psp5 ll(z528) o S

scal 3787

I
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2CH,0H-

Kvasinkoveé expresni vektory

Inducibilni AOX promotor (methanol)
Moznost intracelularni a extracelularni exprese

Exprese v kvasinkach P. pastoris a S. cerevisiae

i
U i | EnercYmETABOLISM | !
— H H
INITIAL H i
HCHO———} —= —
OXIDATION : O &
H L]
P oNaD NADH, :
CH,OH HCHO ' \ ‘/ i
L]
FAD* ADX FADH, E ’
VR i
= v
i ! H,0 1120, :
H * : :
o] L}
HCHD i [MIOCHGNBIA vennt
CH]OH CAT HCHO' |_: :-.u-oq.oa-ca-a-u-c-a4-.1.-;5—-o-oq.a-.u.-s-aoooq.aa-.e-o-soai
H Hylulose H
H,0 E monophasphate cyclo H
"
: Cell !
GAP = F1,68P 1IGAP—- H
PEROXISOME i matorial §
opa : :
e :
] L]
L] L]
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Xho It

S

Comments for pPICZa A
3593 nucleotides
5" AOX1 promoter region: bases 1-941
5" AOXT priming site: bases 855-875
o-factor signal sequence: bases 941-1207
Multiple cloning site: bases 1208-1276
c-myc epitope: bases 1275-1304
Polyhistidine (6xHis) tag: bases 1320-1337
3" AOXT priming site: bases 1423-1443
AQOXT transcription termination region: bases 1341-1682
TEF1 promoter: bases 1683-2093
EM7 promoter: bases 2095-2162
Sh ble ORF: bases 2163-2537
CYCT transcription termination region: bases 2538-2855
pUC origin: bases 2866-3539 (complementary strand)

* Pstlis in Version B only
Cla lis in Version C only

TThe two Xho  sites in the vector allow
the user to clone their gene in frame with
the Kex2 cleavage site, resulting in
expression of their native gene without
additional amino acids at the N-terminus.
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