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Pokrocilé metody v soucasné
genomice a proteomice

Genomika je obor biologie zaméreny na studium
veskeré DNA organismu - tedy jeho genomu. To
zahrnuje identifikaci a charakterizaci vsech genu a
funkénich prvki v genomu organismu a jejich
vzajemné interakce.

https://www.genome.gov/genetics-glossary/genomics



Pokrocilé metody v soucasné
genomice a proteomice

Metody extrakce, purifikace a kvantifikace
nukleovych kyselin

(OIO!
Klasika je stale moderni ...



Nukleové kyseliny
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Obr.1a dostupne z https://facellitate.com/ribonucleic-acid-an-essential-intermediate/ 28/6/2024
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Nukleové kyseliny

phosphate e

nukleotid

deoxyribose °

OH

Pyrimidines
NH, o o)
¢ Loy A
lré \ﬁH HT/ \|(I:/ 3 HT/ \I(I:H
C CH (€. CH (¢ CH
0/ SN O/ NN O/ N
H H
Cytosine Thymine (in DNA)  Uracil (in RNA)
C T U
Purines
NH, (I?
N C N C
/ SC7 SN / N7 ONH
- P
N= N2 N= NP
b N b N”NNH,
Adenine Guanine
A G
(0] (e}
" N b N
Base —| H—</ | 5' carbon H—</ |
A N
N N NH, N N NH,
o o
1l -
O™—P—0O-+—+CH, (o) o —'I’—O z (0}
| =3
o~ — Deoxyribose o
or ribose
sugar 3' carbon 2' carbon
Phosphate | 1
OH OH
HOCH, _o. OH HOCH, o OH
H H H H
H H H H
OH H OH OH
Deoxyribose (in DNA) Ribose (in DNA)

Obr.1b https://bio.libretexts.org/Courses/University_of _Arkansas_Little_Rock/Genetics_BIOL3300_%28Leacock%29/Genetics_Textbook/01%3A_Chemistry_to_Chromosomes/1.01%3A__The_Structure_of_DNA 18/9/2024



Nukleové kyseliny

nitrogenous bases:
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DNA je negativné nabita https://www.rcsb.org/3d-view/1BNA

Obr.1c https://bio.libretexts.org/Courses/University_of_Arkansas_Little_Rock/Genetics_BIOL3300_%28Leacock%29/Genetics_Textbook/01%3A_Chemistry_to_Chromosomes/1.01%3A__The_Structure_of DNA 18/9/2024
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Nukleové kyseliny

DNA

Jadro (nucleus, ntDNA)
Mitochondrie (mtDNA)

Obr.2 dostupne z http://www.ib.bioninja.com.au/standard-
level/topic-2-cells/23-eukaryotic-cells.html vid. 01/09/2023

Rostlinné bunky

uuuuuu

Am,k,p..ﬂ_E@ D (s Jadro (nucleus, ntDNA)

m€® Chloroplasty (cpDNA)
% wi

& ——— Mitochondrie (mtDNA)

Obr.3 dostupne z http://www.ib.bioninja.com.au/standard-level/topic-2-
cells/23-eukaryotic-cells.html vid. 01/09/2023

Bunky kvasinek

Jadro (nucleus, ntDNA)
Mitochondrie (mtDNA)

Obr.4 dostupne z https://www.britannica.com/science/bacteria vid. 01/09/2023

Bakteridlni bunky

Chromosome
Plasmidy

Obr.5 dostupne z https://www.britannica.com/science/bacteria vid. 01/09/2023



Nukleové kyseliny
RNA

Obr. 6 dostupne z https://rna.umich.edu/about/about/ 28/6/2024

https://en.wikipedia.org/wiki/List of RNAs



https://rna.umich.edu/about/about/
https://en.wikipedia.org/wiki/List_of_RNAs

Chromatin - komplex DNA a proteinu

W Usek Jadro typické lidské bunky obsahuje
I 2nm dvousroubovwe DNA o délce asi 2 metrd (Alberts)

Koralkova forma
chromatinu

30nm 0 nmviakno

Rozvinuty usek
300 nm chromosomu

Kondenzovany
700 nm  usek

chromosomu

Uplny mitoticky
chromosom Obr. 7 dostupne z
1400 nm https://dspace5.zcu.cz/bitstream/11025/55045/1/BP_Stanicek_David_NGS.p

df vid. 01/09/2023
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Rozvaha — ucel izolace

.oé_w Na zacatku kazdého experimentu je treba si polozit otazku:
\?‘—-’r K ¢éemu bych chtél izolovanou nukleovou kyselinu pouzit?

> Vychozi material pro izolaci NK

(mnozstvi, kvalita, typ bunék...).
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Vychozi material

Centrioles Microvilli
l Cytosol
Mitochondria —
—— Peroxisome
Golgi Body — . «f—— Ribosome
(80S)
Lysosome ——
“——— Rough ER
Nucleus / , )
(with nucleolus) Pinocytotic
Vesicle
Smooth ER Cell Membrane

Obr.2 dostupne z http://www.ib.bioninja.com.au/standard-
level/topic-2-cells/23-eukaryotic-cells.html vid. 01/09/2023

Zivocisna bunka:

* ma pouze cytoplazmatickou membranu (lipidova membrana)
* nemaji plastidy ani barviva

* misto vakuol maji lysozomy

e zasobni latky jsou tuky a glykogen

* mitochondrie (mtDNA, lipidova membrana)

http://www.ib.bioninja.com.au/standard-level/topic-2-cells/23-eukaryotic-cells.html
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Vychozi material

Nucleus

RO St I i n n a’ b u ﬁ k a e o (with nucleolus) ——

Ribosome
Amyloplast
<+«—— Cell wall
(cellulose)
Large central
vacuole
Golgi body
Cell membrane Mitochondria Chloroplast

Obr.3 dostupne z http://www.ib.bioninja.com.au/standard-level/topic-2-
cells/23-eukaryotic-cells.html vid. 01/09/2023

Rostlinna bunka:

* ma bunécnou sténu z celuldzy

* obsahuji plastidy a barviva

* ma vakuoly (nizké pH)

e zasobni latky: olej a Skrob

* obsahuje chloroplasty (tj. i coDNA, lipidova membrana)
* svékem rostlin vzrista mnozstvi polyfenolickych latek

http://www.ib.bioninja.com.au/standard-level/topic-2-cells/23-eukaryotic-cells.html
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Vychozi material

Bunka kvasinek —

Cytoplasm
Nucleus

Golgi

Obr.4 dostupne z https://www.britannica.com/science/bacteria vid. 01/09/2023

Bunka kvasinek:

* bunécnd sténa je sloZena zvlasté z polysacharidti (mannan a B-glukan)
* neobsahuji chloroplasty (cpDNA)

e zasobni latky: lipidy a glykogen

e vakuola

https://www.britannica.com/science/bacteria
http://www.ib.bioninja.com.au/standard-level/topic-2-cells/23-eukaryotic-cells.html



Bunka bakterii

Vychozi material

(bacillus type)

cytoplasm:
chromosome

ribosomes

plasma

flagella
membrane 9

p
capsule mesosome

Obr.5 dostupne z https://www.britannica.com/science/bacteria vid. 01/09/2023

Bunka bakterii:

e grampozitivni bakterie - silna vrstva peptidoglykanu

e gramnegativni bakterie - vnéjsi membrana, periplazmaticky
prostor s tenkou vrstvou peptidoglykanu

* nemaji organely

* nemaji mtDNA Ci chIDNA

https://www.britannica.com/science/bacteria
http://www.ib.bioninja.com.au/standard-level/topic-2-cells/23-eukaryotic-cells.html
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Membranové organely
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Rozvaha — ucel izolace

’9&_, Na zacatku kazdého experimentu je treba si polozit otazku:
\Q T K cemu bych chtél izolovanou nukleovou kyselinu pouzit?

» Kontaminace RNA: :
Vadi nasledné analyze pritomnost RNA? = P "

Voronoi diagram: slozeni
bunky E. coli (po 40 min od
déleni). Kazda oblast
mnohouhelniku predstavuje
relativni podil odpovidajici
slozky v suché hmoté bunky.

proteln seyamines g - DNA3%

* RNA 20%
glycogen ® prOteIny 55%
« lipidy 10%

Obr.8 dostupne z foto autor Obr. 9 dostupne z https://book.bionumbers.org/what-is-the-

macromolecular-composition-of-the-cell/ vid. 01/09/2023

» Jaky poutziji postup (vhodny pufr, detergenty...)?
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Rozvaha — ucel izolace

.oé_w Na zacatku kazdého experimentu je treba si polozit otazku:
\?‘—-’r K ¢éemu bych chtél izolovanou nukleovou kyselinu pouzit?

> Cistota izolované DNA

> Casova naroénost metody @

RS X » Ekonomicka narocnost

> Pocet vzorku:

> Vytszek e izolace jednoho vzorku (jedna zkumavk)

Ol

* mnoho vzorkl (automaticky robot) \\;\\\*

Obr.9b dostupne z https://bioprocessintl.com/upstream-processing/assays/high-throughput-
chromatography-screenings-for-modulating-charge-related-isoform-patterns-342686/ vid. 01/09/2023

e nékolik vzorku (kity) [ 1 ,_.
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Rozvaha — ucel izolace

napt.: DNA je fragilni a ma sklon k fragmentaci -
vadi mé nasledné analyze fragmentovana DNA?

~= +<— Genomova DNA

=i
2 Fragmentovana genomova DNA
 Fragmentace DNA pro PCR analyzu - nemusi byt problém.

* Fragmentace DNA pro analyzu délky telomer - zasadni nedostatek. ()

Obr.9c dostupne z foto autor



» Extrakce nukleovych kyselin (NK)

» Extrakce a purifikace NK:

1. Rozruseni bunéénych membran / stén

2. Inhibice nukleaz (DNaz/RNéz)
3. Odstranéni polysacharidu
4. Odstranéni polyfenolt

5. Odstranéni proteinu
a.Vysoleni protein(
b.Proteinaza K
c.Fenol-chloroformova extrace

» Vlastni izolace NK

1.
2.

N O UhEWw

Vysolovani
Srazeni
a.EtOH / Isopropanol

b.Multivalentni kationty
c.Polyethylene glycol (PEG)

Adsorpce na silikat

lzolace vysokomolekularni DNA
lzolace RNA

Izolace plazmidové DNA
Selektivni izolace RNA/DNA

a.lzolace mRNA

b.lIzolace RNA/DNA dle specifické sekvence
c.lzolace pomoci asociovanych protein
d.Selektivni izolace RNA pomoci aptamer

19



» Kvantifikace a detekce
izolované NK

% Detekce NK:
1. Fluorescencni detekce
2. Barveni NK stribrem
3. Pomoci metylenové modfri
4. Radioaktivni vizualizace

< Kvantifikace NK
1.0dhad z gelové elektroforézy
2. Pomoci absorbance
3. Fluorimetricka kvantifikace

20



» Extrakce nukleovych kyselin (NK)

Nucleus

(with nucleolus)
Smooth ER Rough ER

Ribosome

< Extrakce a purifikace NK: -
1. Rozruseni bunéénych membran / stén
2. Inhibice nukleaz (DNaz/RN4&z) =
3. Odstranéni polysacharidu |
4. Odstranéni polyfenolu catmanane e

Obr.3 dostupne z http://www.ib.bioninja.com.au/standard-level/topic-2-
5 O d St ra n é n I' p rotei n Cl cells/23-eukaryotic-cells.html vid. 01/09/2023
a.Vysoleni proteint
b.Proteinaza K
c.Fenol-chloroformova extrace

<«— Cellwall
(cellulose)

Golgi body

protein -2

Obr. 9 dostupne z https://book.bionumbers.org/what-is-the-
macromolecular-composition-of-the-cell/ vid. 01/09/2023



lzolacni pufr

udrzuje stabilni pH v roztoku

Bunky suspenduji v roztoku o vhodném pH, které by mélo byt
stejné jako pH cytosolu ¢i dané organely.

B - .
& -
secretory vesicle
5.0-6.0
carly endosome
6.3

late endosome
o1 2 TGN <6.0
s 2o 2
6.2-6 7 <55
Low pH

e o
oy ER
;‘*\ 7.1 peroxisome ER

(4 84 7215 l z
‘ nucleus ‘

W J mitochondria matrix s

\‘ mitochondria matrix 7.9
asm 8.1 cytoplasm '
L 13 High pH
Arabidopsis cell Mammalian cell

Srovnani pH v intraceluldrnich organelach rostlin a savcu.

Obr.10 dostupne z https://www.researchgate.net/publication/236907552_Organelle_pH_in_the_Arabidopsis_Endomembrane_System/figures?lo=1
vid. 01/09/2023
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MES
BIS-TRIS
BIS-TRIS PROPANE
PIPES
ACES
MOPSO
BES
MOPS
HEPES
TES
PIPPS
DIPSO
TAPSO
HEPPSO
TRIS-UP
TRIS-HCI
TRICINE
HEPPS
GLY-GLY
BICINE
TAPS
CHES
CAPSO
CAPS

lzolacni pufr

udrzuje stabilni pH v roztoku

pH 6 7

Obr.11 dostupne z https://www.mybiosource.com/category/MG?page=122 vid. 01/09/2023

Tris pufr
TrisH*= Tris + H*

' Buffering Capacity

Tris Buffer
tris(hydroxymethyljJaminomethane

Obr.12 dostupne z https://www.chegg.com/homework-help/questions-and-answers/buffer-preparation-
lab-oh-tris-buffer-tris-hydroxymethyljaminomethane-nh2-pk-81-25-c-tris--q30749516 vid. 01/09/2023
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1. Rozruseni
bunéénych membran / stén

Osmoticka lyze:
(E' COI' » ZIVOCISne t ka ne... ) Isotonic solution Hypotonic solution Hypertonic solution

H,0
H,0 H,O H,0

Membrany jsou selektivné permeabilni.

Bunky jsou pfizptusobeny vysSimu

osmotickému tlaku. ; . .
(1) Normal (2) Lysed (hemolysis) (3) Shriveled (crenation)

Osmoticka lyze - vné bunky mensi Plasma H,0

v v . v veesrs ’ "0 membrane
koncentrace nez v bunce tj. bunka pfrijima o=

vodu a zvétSuje svlj objem az praskne. :;
e vev 7 v v o P ' ¢

Zivocisna bunka praskne - avsak rostlinna 2 e\
burika osmotickému tlaku odolava diky (5) Turgid (6) Shriveled

Vs . vv s v (plasmolysis)
pritomnosti bunécné stény.

Obr.13 dostupne z https://quizlet.com/329244170/cell-membrane-and-osmosis-test-diagram/ vid.
01/09/2023



1. Rozruseni
bunéénych membran / stén

Fyzikalni nebo fyzikalné-chemické postupy:
(kvasinky, houby, rostliny, zivocisné pojivové tkané...)

Priklad rozpadu DNA pfri
mechanickeé lyzi

v mechanickém
disruptoru

Mechanicka lyze:

v tfeci misce

}

® v treci misce v tekutém dusiku

genomova DNA
(nefragmentovana)

= mechanicka homogenizace
(pomoci sklenénych kulic¢ek)

Obr.15 dostupne z

Obr.14 dostupne = tyCové homogenizatory (rotor—stator) foto autor

https://www.thelabwarehouse.com/colle
ctions/laboratory-homogenisers vid.
01/09/2023




1. Rozruseni
bunéénych membran / stén

Fyzikalni nebo fyzikalné-chemické postupy:
(kvasinky, houby, rostliny, zivocisné pojivové tkané...)

Ultrazvuk: Vliv ultrazvuku na morfologii fas

(Liu et al., Ultrasonics Sonochemistry, 2022)

Chlorella
ve zkumavce

Chlamydomonas
mexicana

Obr.17 dostupne z
https://www.researchgate.net/publication/361031339_Ultrasound
_for_microalgal_cell_disruption_and_product_extraction_A_review
/figures?lo=1 vid. 01/09/2023

g elsqher.co&\

Obr.16 dostupne z
https://www.scimed.co.uk/product/the-
hielscher-range/ vid. 01/09/2023




1. Rozruseni
bunéénych membran / stén

Enzymaticka lyze:
(spory, kvasinky, rostliny ...)

napf.: lysozym
pro rostliny napr.: celulaza, macerozym, pectolyaza ...

Dalsi typy lyzi:

Chaotropni cinidla: (napr. guanidium hydrochloride) HoN

Alkalicka lyze: NaOH (v pritomnosti SDS) rozvolriuje bunécné stény u E. coli a uvolniuje plazmidovou DNA
(viz. Birnboimova metoda)

RozmrazZeni/zmrazeni

Lyzacni protokoly jsou casto kombinaci nékolika postupu



1. Rozruseni
bunéénych membran / bunécnych stén

Detergenty: slouzi k rozruseni a solubilizaci proteinu z lipidovych membran

hydrofilni hlavicka —

Biologické membrany jsou tvoreny fosfolipidy - ‘ FoapustnG ve vods

maji nabitou polarni hlavicku.
Detergent  hydrofobni Fetézec
Pokud do roztoku s lipidickou membranou pridame
detergent, dochazi k integraci molekul detergentu
dovnitf membrany a molekuly detergentu se stavaji
soucasti membrany.

Pokud je koncentrace detergentu dostatecné
vysoka, to znamena, Ze je vyssi nebo rovna hodnoté
CMC, je membrana detergenty saturovana a dochazi
k rozpadu membrany a uvolnéni proteinli do
roztoku.

Obr.18 dostupne z
https://info.gbiosciences.com/blog/prot
eomic-grade-detergents-why-you-
should-use-them vid. 01/09/2023

CMC: Critical micelle concentration

28



2. Inhibice nukleaz
(inhibice DNaz a RNaz)

Nukleaza: hydrolyticky enzym, ktery je schopen stépit molekuly DNA Ci RNA.
V zivé bunce oddélen od NK.

DNazy - hydrolyza DNA:
DNazy |: vyzaduji Ca?* a Mg?* ionty
DNazy II: fce v nizkém pH (napfr. lysozémy)

(Kabsch et al, 1990)

RNazy - hydrolyza RNA:

(RNazy jsou velmi stabilni a vSudypritomné; v bézném
prostredi jsou molekuly RNA velmi rychle degradovany)
RNazy: RNase A: ssRNA, 3’ konce nesparovanych C/U rezidui...

RNase |: ssRNA
RNase H: RNA, RNA/DNA duplex...
RNase T1: ssRNA, z 3’ konce nesparovanych G rezidui...

R
RNase T1
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2. Inhibice nukleaz
(inhibice DNaz a RNaz)

Nukleaza: hydrolyticky enzym, ktery je schopen stépit molekuly DNA Ci RNA.
V zivé bunce oddélen od NK.

DNazy - hydrolyza DNA:
DNazy |: vyzaduji Ca?* a Mg?* ionty
DNazy II: fce v nizkém pH (napfr. lysozémy)

* Nizka teplota zastavuje enzymatickou aktivitu
vétSiny enzymu - tj. izolace DNA na ledu
EGTA / EDTA (chelatacni cinidla)

(Kabsch et al, 1990)

RNazy - hydrolyza RNA: * Nizka teplota
(RNazy jsou velmi stabilni a vSudypfitomné; v bézném « oplach EtOH: materidl (napf. pipety):
prostredi jsou molekuly RNA velmi rychle degradovany)  DEPC (Diethylpyrocarbonate): oietieni roztok,

RNazy: RNase A: ssRNA, 3’ konce nesparovanych C/U rezidui...
RNase |: ssRNA
RNase H: RNA, RNA/DNA duplex...
RNase T1: ssRNA, z 3’ konce nesparovanych G rezidui...

kovalentné modifikuje His, Cys a Tyr NA RNazach

* Guanidium thiocyanatu / hydrochloride: bunécna
lyze Casto provedena pomoci chaotropni Cinidla-
rozrusi bunky rozrusi proteiny - vcetné Rnaz

e Skladovani RNA: vzdy pfi-70 °C (ochrana proti
plUsobeni RN4az)

R
RNase T1
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Odstranéni RNA
(pFi izolaci DNA) poren

lipid

RNase (RNase A, RNase |, RNase T1, RNase H...):

Priklad nedostatecného odstranéni RNA

RNA je v nadbytku nad DNA. o _ )
RNasou pri izolaci genomové DNA.

Obr.21 dostupne z foto autor
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3. Odstranéni polysacharidu

Rostliny, houby a nékteré bakterie obsahuiji:

» Neutralni polysacharidy (mannan, inulin...): neinhibuji restrikéni enzymy

» Negativné nabité (pectin, xylan..): mohou inhibovat restrikéni enzymy ¢i polymerazy
Negativné nabité polysacharidy mohou byt odstranény za pouziti cetyltrimethylamonium bromide (CTAB)
— kationtovy detergent.
o Kladné nabity CTAB interaguje s negativné nabitymi polysacharidy.
o Polysacharidy precipitovany a DNA zustava v roztoku.

|
NANANANANANNS N'—ch,

| &°
cH, CTAB

Obr.23 dostupne z https://cs.wikipedia.org/wiki/Cetrimoniumbromid vid. 01/09/2023
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4. Odstranéni polyfenolu

e Polyfenoly jsou vysoce reaktivni - tvorba chemickych vazeb
mezi proteiny a DNA béhem homogenizace.

e V nativni bunce oddéleny od DNA kompartmentaci. Mnozstvi
polyfenolickych latek vzrista s vékem rostlin.

e Fce. polyfenol(:
e ochrana pred oxidacnim stresem (antioxidanty)
e ochranu pred bylozravci svou sviravou, horkou chuti (taniny)

e rostlinné obranné latky - proti priniku patogenu ...

Flavonols *‘Q quercetin

Flavonoids ‘ .
o Flavanones ¢ .  hesperidin
. OH L
HO. 0, Q
O - Isoflavones : daidzein
OH
epicatechin ) ) o
Anthocyanins & cyanidin

Flavan-3-ols k epicatechin gallate

Phenolic acids .
HOQOOH Benzoic acids % ellagic acid |

H H

L Hydroxycinnamic acids o s CO0H
gallic acid :@A/ caffeic acid &

Lignans

o on
HOOH secoisolariciresinol k.
HaCO OCHj

Stilbenes
HO
MOH resveratrol &
H

Odstranéni polyfenol:
PVP: (Polyvinylpyrrolidone) — PVP vytvari vodikové vazby s taniny
B-mercaptoethanol: silné redukéni Cinidlo
BSA (Bovine serum albumin)

Obr. 24 Fraga et al., Food Funct. 2019
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5a. Odstranéni proteinu

Vysoleni proteinu o

Rozpustnost proteinu v koncentrovanych roztocich soli je zavisla na
pritomnych aniontech a kationtech v Hofmeisterové sérii:

* Increase protein stability + Decrease protein stabili
Less denaturing * More denaturing
ing out (aggregates) + Salting in (solubilizes)
psmotropic + Chaotropic

‘I HOFMEISTER SERIES

N(Me)/+ > NH;* > K* > {:Na:‘} > Cs* > Li* > Mg?** > Ca?* > Ba** > Gdm*

Wicky te al., PNAS 2017 114 (37) 9882-9887

Obr.25 dostupne z https://www.pnas.org/doi/full/10.1073/pnas.1705105114 vid. 01/09/2023

prof. Franz Hofmeister
30. srpna 1850 v Praha
26. Cervence 1922 Wiirzburg
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o

5a. Odstranéni proteinu
Vysoleni proteinu

* Vsolovaci a vysolovaci soli ovliviuji rozpustnost proteinu.

Pfi zvysujici se koncentraci soli naboj na povrchu proteinu interaguji se soli a ne
s vodou - protein se vysoli.

Priklady soli:
Na citrate = LiSO, = Na,SO, = K,HP0, = Na,HP0, > (NH,),S0, > MgS0, > KAc = NaAc > NaCl > NaN0,

Solubility
@®
| ®
[
Hydrate
shell Salting in

Salting out

Obr.26 dostupne z https://academic-
accelerator.com/encyclopedia/salting-
out vid. 01/09/2023

Salt concentration ——»

@ Za urcitych podminek se muaze vysolit i chromosomalni DNA.
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5b. Odstranéni proteinu
Proteinaza K

» Proteinaza K: (pUvod jména: Stépi Keratin)

kj

= Stépi prednostné za hydrofobnimi (nepolarnimi) aminokyselinami (alifatické, aromatické).

= Stabilni v Sirokém rozmezi pH (4 az 12), s pH optimem pH 8.0.
= Pfi zvyseni teploty z 37°C na 50-60°C se silné zvysuje aktivita enzymu.

= Neni inhibovana guanidinium hydrochloridem, mocovinou, Triton X-100, Tween 20, SDS,
EDTA - naopak, nékteré v nizkych koncentracich jeji aktivitu zvysuiji.

= NevyZaduje ke své aktivité Ca?* a Mg?* ionty (jako napf. na aktivitu nukleazy). Pti odstranéni
vapenatych iontt (EDTA): stabilita enzymu je snizena, ale proteolyticka aktivita zustava.

NNNNNNNNNN

o Proteinaza K z(stava ve vzorku. | AW
o Ve vzorku zlstavaji rozStépené peptidy. T

CCCCCCCCCC

http://agscientific.com/blog/index.php/2013/02/19/10-questions-you-want-to-ask-about-proteinase-k/
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5c. Odstranéni proteinu
Fenol-chloroformova extrace

Pomérné pracna a zdlouhava metoda avsak poskytuje velké mnozstvi velmi Cisté DNA.

» Fenol v porovnani s vodou mnohem méné polarni. . .
» DNA: se diky své polarité rozpousti snadnéji v polarnim Protein
, Protein (less polar
VOd nem rOZtOkU. [polar residues residues

. v s v v . ’ / ’ v s r v outside) flip to ide} |
» Proteiny: Cdst fetézce je vice polarni a ¢ast méné ey DNA (polar)

polarni (dle AMK sekvence) jsou —tj. proteiny hromadi

na rozhrani mezi vodnym roztokem a organickou fazi qeg,? ‘13‘
. v, Vv . s 7 . Protein
nebo jsou rozpustény ve fenolické fazi. el (polan) || (1ess potar)
DMA + protein Phenol added Phases separated
aqueous and vigorously oy
I'IEI"IIJ' water solution miixed centrifugation
P Obr.27 dostupne z https://www.smacgigworld.com/blog/principle-dna-
OH 6 extraction.php vid. 01/09/2023
/7 O\
H
&+ ot

less polar more polar



5c. Odstranéni proteinu
Fenol-chloroformova extrace

Pomérné pracna a zdlouhava metoda avsak poskytuje velké mnozstvi velmi Cisté DNA.

» Fenol v porovnani s vodou mnohem méné polarni. . .
» DNA: se diky své polarité rozpousti snadnéji v polarnim Protein
, Protein (less polar
VOd nem rOZtOkU. [polar residues residues

on outside) flip to gutside] | pNA [polar)

» Proteiny: Cast fetézce je vice polarni a c¢ast méné
polarni (dle AMK sekvence) jsou —tj. proteiny hromadi

na rozhrani mezi vodnym roztokem a organickou fazi qeg,?
. v, v . , ) DNA (polar) I Protein
nebo jsou rozpustény ve fenolické fazi. & polan) || (iess polar)
DMA + protein Phenol added Phases separated
d vi | by
I'IEI"IIJ' water ﬂs?;ﬁ?;f " 2?;"5“5‘1' centrifugation
P Obr.27 dostupne z https://www.smacgigworld.com/blog/principle-dna-
OH 6 extraction.php vid. 01/09/2023
y O N Phenol, pH 4 Phenol, pH 8
H
&+ ot

| <= RNA (aqueous) «— DNA + RNA

(aqueous)

less polar more polar

< DNA
«— Protein <«— Protein
(organic) (organic)
RNA DNA

Obr.28 dostupne z https://www.genetargetsolutions.com.au/wp-
content/uploads/2016/05/?SD vid. 01/09/2023
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» Extrakce nukleovych kyselin (NK)

» Extrakce a purifikace NK:

1. Rozruseni bunéénych membran / stén

2. Inhibice nukleaz (Dndz / RNaz)
3. Odstranéni polysacharidu
4. Odstranéni polyfenolu

5. Odstranéni protein(
a.Vysoleni proteinU
b.Proteinaza K
c.Fenol-chloroformova extrace

» Vlastni izolace NK

1.
2.

N oA W

Vysolovani
Srazeni
a.EtOH / Isopropanol

b.Multivalentni kationty
c.Polyethylene glycol (PEG)

Adsorpce na silikat

Izolace vysokomolekularni DNA
lzolace RNA

Izolace plazmidové DNA
Selektivni izolace RNA/DNA

a.lzolace mRNA

b.lzolace RNA/DNA dle specifické sekvence
c.lzolace pomoci asociovanych protein(
d.Selektivni izolace RNA pomoci aptamer(
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1. Vysolovani

e Rozpustnost DNA ve vodnych roztocich zavisi na koncentraci iontl v roztoku pfi zachovani
soucinu rozpustnosti

* Vsolovani: oslabuji se intramolekulové iontové vazby DNA a molekula se vsoluje do H,0O
 \Vysolovani: pri vysokych koncentracich iontl dochazi k vysolovani DNA v dusledku
nedostatecnych interakci s molekulami rozpoustédia tj. H,0

e Siran amonny

e NaCl
Solubility o 9 * o=
“ + *
® 0 %9 09 :\ . 5+
T oe'o 1 » (2 ‘/'"./’ \\ ® ® +
© E : o\fh\0 L1/ @ N o
@ @ 9 g \//) ® =
Q @ “oe e O _ E
O] + e ® + 2 e i
A ® . o +
) (COEE a0 \\_\ 5
@ —/© Boa® Ono *'\- " +
| 9 .
Hydrate e ® o +
shell Salting in

Salting out

Salt concentration ——»

Obr.30 dostupne z Adapted from Physical

Obr. 30b https://brainly.i tion/12666660 18/9/2024 40
Biology of the Cell, Fig. 9.14 vid. 01/09/2023 ' ps://brainly.in/question/ /91

Phillips, et al., Physical Biology of the Cell.



2. Srazeni
a. EtOH/lIsopropanol

Ethanol (EtOH) —"oH
nebo ov + stl (napf. NaAc) A S
Isopropylalkohol PS o A ' ; ,§'_. |

(= 1zopropanol)

« Diky elektrostatickym interakcim je polarni molekula DNA snadno rozpustna v polarni H,0

e Kationty soli (napf. Na*, Mg?*, Li*...) neutralizuji naboj cukr-fosfatového retézce DNA (PO3), ale v
H,O jsou ionty soli jsou viceméné volné (obklopené molekulami H,O), netvofi iontové pary s DNA

e Ethanol / Isopropanol umozni zformovani iontovych paru DNA-kationt

Before After
Adding Ethanol

Obr.31 dostupne z https://www.flickr.com/photos/damon_tighe/4799892345 vid. 01/09/2023



2. Srazeni
b. Multivalentni kationty

napfr. polyaminy spermidine (3*) NN g
spermine (4+) HzN/\/\N/\NHWm
putrescine (2*) HN A~

e Polyvalentni kationty stabilizuji dvousroubovici DNA (obvykle v B-formé) coz vede k precipitaci DNA.

e \/ysoce selektivni precipitace DNA (nevhodné pro genomovou DNA a fragmenty <50bp).
e Pokud se chcete vyhnout F:CH:IAA extraci.

e Vhodné pro izolaci DNA-vazebnych proteind.
e Odmyti polyaminu oplachem srazeniny DNA koncentrovanou soli (napr. LiCl, NaOAc...).

A strands and grooves
1z in register (attraction)

<
minor + V -+
< groove - -
i major + G
— / groove - / -
adso - z +
polycation % & phosphate< ‘ +
strands + —
v - p—
“y » — + +
«z) ‘ - -
=B - ‘ + +
2 A
Qz) strands and grooves Obr.32 dostupne z
b out of register (repulsion)| https://www.researchgate.net/publication/24189143_The_homology_recognition_well_as_an_innate_proper
a c

ty_of DNA_structure/figures?lo=1 vid. 01/09/2023

A. A. Kornyshev and S. Leikin, Phys. Rev. Lett., 2001, 86, 3666
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2. Srazeni
c. Polyethylene glyco

| (PEG)

Délkové selektivni precipitace - polyethylene oxide
pridavek PEG ve spravné koncentraci a . ]
zarovenl pridavek iontd (Na*) > HJf \/\}O/
zpusobuje DNA agregaci a srazeni. rozsah Mr:

300 g/mol - 10,000,000 g/mol

il Fig. 33

Obr.33 dostupne https://pubs.rsc.org/en/content/articlelanding/

2013/cc/c2cc38627e vid. 01/09/2023
Khimji et al., Chem. Commun., 2013, 49, 1306-1308

Precipitace zavisi na:
B NaCl-0anmM
" delce p0|ymeru (napr PEG 6 OOO 8 OOO 10 OOO ) | PEG(/) 63 69 75 81 88 94 10 106 PEG (%): 104 11.4 125 13.6 14.6 15.6

koncentraci PEG et — -

koncentraci divalentnich iontd (napf. NaCl) T ——— e 500 — e

. 700 — — 400 ‘=) .
koncentraci DNA SOPPRPE — S = T —

pH 300 — — 220 e

¢asu precipitace ... T o=
15 — o ——— —— —

oplach 70% EtOH odstranuje zbytky PEG .

Obr.34 dostupne z
https://www.researc
hgate.net/publicatio
n/43131703_Increas
ed_Throughput_by_
Parallelization_of _Li
brary_Preparation_f
or_Massive_Sequen
cing/figures?lo=1&u
tm_source=google&
utm_medium=organ
ic vid. 01/09/2023

Lis JT, Schleif R., Nucleic Acids Res. 1975 Mar;2(3):383-9.

K.R.Paithankar and K.S.N.Prasad, Nucleic Acids Research, Vol. 19, No. 6,1991
http://blog.genohub.com/peg-size-selection-and-precipitation-of-dna-libraries-how-ampure-or-spriselect-works/
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https://pubs.rsc.org/en/content/articlelanding/

3. Adsorpce na silikat

NK se za urcitych pH podminek v pfitomnosti chaotropnich soli adheruji na silikatovy povrch.

Plantiissue
Chaotropni soli = iontové slouceniny snizujici strukturovanost v R
vody. Ve vodeé v tekutém stavu totiz vznikaji pfechodne vodikove e G -’
mustky mezi kyslikem a vodikem sousednich molekul, tzn. je v : —
urcitym zplsobem "strukturovana".
napf. Guanidium hydrochloride
DNA
Binding
Cutlj]on
Bridge DNA —
H;0 : ! o / & Wash
X / -~ 0O"Na"0=P-0 |
-OH ; ! Base
o [ - @
—O " Na*O=P-0O
-OH? § ! Base Elution
Silica o o m Silica $:Sugﬁr
—_— ~O"Ne"O=P-O-
-0 e 1 1 Base
—oht e S:Sug’ar
o S
Obr.35 dostupne z QO dna-z-telnich-tekutin/ vid. 01/09/2023
https://www.bio.davidson.edu/courses/Molbio/MolStudents/spring99/lauren/genec

lean.html vid. 01/09/2023

Vogelstein B, Gillespie D. Preparative and analytical purification of DNA from agarose. Proc Natl Acad Sci U S A. 1979;76(2):615-619.
https://www.sophia.org/tutorials/molecular-structure-of-water--3
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35 Products found

.=

DNeasy Blood & Tissue
Kits

For spincolumn or 96-well

on of total DNA from

oxtro
animal blood ond fissues
and from cslls, yeost,

bacleria, or viruses

QlAamp DNA Blood Kits

For purification of genomic
mitochondrial or viral DNA
from blood and other body
Hluids

Obr.37 dostupne z https://www.giagen.com/us/product-categories/discovery-and-translational-research/dna-rna-purification/dna-purification vid. 01/09/2023

-—

& I

QlAwave DNA Blood &

Tissue Kit

For o more eco-kriendly
alternative to our stondard
it for extracting fotol DNA
from animal blood and
tissues, cells, yeast, or

bacteria.

EZ182 DNA Blood Kits

For automated purification
of high-quality DNA from 1-

24 samples per run

Home

Products  Applications & Insights

>

DNA Purification

When purifying DNA, it is critical to use an optimized method for your sample type. Our trusted DNA

Knowledge & Support

Products > Discovery & Translational Research

About QIAGEN

>

DNA & RNA Purification

>

T uckorder 17 Con

DNA

purification kits ensure high yields of high-quality DNA free of contaminants and inhibitors. Streamlined DNA

extraction protocols simplify handling and are optimized for your specific sample types, formats and

throughputs, as well as for manual and automated processing.

Browse DNA

DNA Clean Up

QlAamp DNA Kits

For isclation of genomic
mitochondrial, boctsrial,

parasite or viral DNA

EZ1&2 DNA Tissue Kit

For avtomated purification
of high-quality DNA from 1-
24 somples per run

EZ1&2 DNA Investigator
Kit

For automated purification
of DNA from forensic and
HID samples on the EZ1 Adv
Xl or E22 Connact Fx

Instruments

QlAsymphony DNA

Investigator Kit

For automoted purification
of DNA from 1-96 somples
on the QlAsymphony SP

Instrument

Cell-Free DNA

Genomic DNA

Sevewe

DNeasy Plant Pro and
Plant Kits

For extraction of tofal
cellular DNA from plant cells
and tissues or fungi, or
genomic DNA from plant

cells, fissues and seeds

QiAxcel DNA Kits

For automoted anolysis of
DNA fragments using

QlAxcel instruments

Microbial DNA

L=

QlAamp DNA FFPE Tissue
Kit
For purification of genomic

DNA from formalin-fixed

paraffin-embedded fissues

Puregene Kits

For purification of archive
quality DNA from a wide

variety of sampla types

Plasmid DNA

QlAamp 96 DNA
QlAcube HT Kit

For automated high-
throughput isolation of total
DNA from blood, cells, and

tissues

GeneRead DNA FFPE Kit

For efficient recovery of
high-quality genomic DNA
{aDNA) from formalin-fixed
paraffin embedded (FFPE)

tissue

il

\!ll»hj[

,.f«i.rﬁ_fr A ﬁ

QlAamp Fast DNA Stool
Mini Kit
For isolation of gDNA from

stool samples

Blood & Cell Culture DNA
Kits

For isolation of up to 20 pg,
100 yg or 500 pg high-
molecular-weight DNA from

blood and cultured cells

Q

FlexiGene DNA Kit

For scalable isolation of
genomic DNA from whole
blood, buffy coat, and

cultured cells in a single tube

QIAGEN Genomictips

For isolation of up to 20 pg,
100 pg or 500 pg high-
molecular-weight DNA from

a wide range of samples

QlAsymphony Certal Kits

For purification of residual
host cell DNA and viral
nucleic acids from

bioprocess samples

QlAamp 96 DNA Swab
BioRobot Kit

For automated high-
throughput DNA purification

from swabs
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1+2+3

Vazba na magnetické kulicky v pritomnosti PEG=
Solid-Phase Reversible Immobilization (SPRI) beads

_

impurities

Kazda kulicka je vyrobena z polystyrenu obklopeného
vrstvou magnetitu.

Paramagnetické (magnetické pouze v magnetickém poli)
- to zabranuje jejich shlukovani a vypadavani z roztoku.
Potazené oxidem kremicitym nebo karboxylem:
reverzibilné vazi NK v pritomnosti PEG a soli.

Selektivné vazi nukleové kyseliny dle typu a velikosti
Jelikoz je imobilizace je zavisla na koncentraci PEG a soli
v reakci, je dulezity objemovy pomér kulicek k DNA.
Pomérné cenoveé narocné (cca. 5 ml ~ 10 tis. Kc)

binding

nucleic acid ; SPRI beads

separation  washing elution

= =i =

r;agnet magnet magnet

Obr.38 dostupne z https://www.beckman.com/resources/technologies/spri-beads vid. 01/09/2023

Shear 1ug in 100ul

napf. pomér 0,8x (tj. 40 ul kulicek na 50 pl vzorku) navaze

vSechny fragmenty vétsi nez ~200 bp
diagnostech.co.za/next-generation-sequencing-tips-n-tricks-part-2/
Stortchevoi et al., ) Biomol Tech. 2020

Obr.39 dostupne z
https://diagnostech.c
o0.za/next-generation-
sequencing-tips-n-
tricks-part-2/ vid.
01/09/2023
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4. Izolace vysokomolekularni DNA

Pro specifické analyzy (pocatecni stadia apoptozy, délka telomer)

+¢ Standardni izolace DNA: 30 — 50 kb
¢ Vysokomolekularni DNA: > 1 Mb

¢ Agardza (2% ,,low melting point) plsobi jako pevn3, ale porézni
matrice, ktera umoznuje difuzi rlznych reagencii pro purifikaci DNA
a nasledné manipulace, prficemz zabranuje fragmentaci DNA

genomova DNA .
(nefragmentovana)

tzv. agarozové blocky

IﬂﬂﬂﬂTﬂéﬂ

v tfeci misce

}

v mechanickém
disruptoru

Obr.15 dostupne z
foto autor

phenylmethylsulfonyl fluoride (PMSF) je inhibitor serinovych protedz
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5. lzolace RNA

RNA je v bunkach v nadbytku oproti DNA:

< Genomova DNA

«— RNA

DNA L metab°“::;doglmn Voronoi diagram: sloZzeni bunky E. coli (po 40 min

od déleni). Kazdd oblast mnohouhelniku
- | predstavuje relativni podil odpovidajici slozky v
2 suché hmotg bufiky.
* DNA 3%
proteln ot * RNA 20%

* proteiny 55%

< * lipidy 10%

16S i
rRNA 235 tRNA sla'zd?ar?ée
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5. lzolace RNA

RNA je v burikach v nadbytku oproti DNA: A B .
s Pouze 3 -5% je mRNA.
s* Nekddujici RNA (ncRNA) — vétsSina celkové RNA
eukaryotickych burnkach.
** Ribozomalni RNA (rRNA) — vyrazny podil v rychle >
se délicich bunkach. RNA by mass RNA by number of molecules

Estimate of RNA levels in a typical mammalian cell.
Obr.40 dostupne z https://www.researchgate.net/publication/272188718_Non-
coding_RNA_What_is_functional_and_what_is_junk/figures?lo=1 vid. 01/09/2023

7SL
snRNA
mMRNA Other IncRNA

rRNAs

Izolace RNA: podobny postup jako u izolace DNA
s bunécnd lyze casto provedena pomoci Guanidium

hydrochloride (chaotropni Cinidlo):
* rozrusi bunky
* rozrusi proteiny - v€etné RNaz
* pomuze separaci rRNA od ribozomalnich proteint

s separace RNA z roztoku s proteiny (pokud se
pouzije F/C extrakce — fenol mé pH=4)
¢ pozor na RNazy

Phenol, pH 4 Phenol, pH 8

—

«— DNA + RNA

~| «=— RNA (aqueous) F‘/‘
(aqueous)

& 255 rRNA

18S rRNA
mtRNA/cpRNA

<— DNA

<«— Protein
(organic)

<«— Protein
(organic)

Obr.41 dostupne z foto autor 49



25 Products found

QlAwave RNA Mini Kit

For o more eco-riendly

alternative fo our standard kit

for extracting total RNA from

cells, tissues, and yeast.

RNeasy FFPE Kit

For purification of total RNA
from formalin-fixed, paraffin-

embedded tissue sections

Obr.42 dostupne z https://www.giagen.com/us/products/discovery-and-translational-research/dna-rna-

RNeasy Kits

For purification of total RNA

from cells, tissues, and yeast

RNeasy DSP FFPE Kit

For purification of total RNA
from formalin-fixed paraffin
embedded (FFPE) fissue
sections for in vitro diagnostic

use

RNA

Products Applications & Insights Knowledge & Support About QIAGEN

Home > Products > Discovery & Translational Research > DNA & RNA Purification > RNA

Optimized RNA isolation - even from difficult samples

When purifying RNA, it is critical to use an optimized method for your sample type. Our trusted RNA

extraction kits ensure high yields of high-q

lity RNA free of i and inhibi

(s

protocols with optimized RNA extraction reagents simplify handling and are optimized for your specific

sample types, formats and throughputs, as well as for manual and automated processing.

Browse RNA

RNA Clean Up Total RNA

RNeasy Plus Kits

For fast purification total RNA
from cells and tissues using
gDNA Eliminator columns or

plates

QlAamp RNA Blood Mini
Kit

For purification of cellular RNA

from fresh whole blood

purification/rna-purification/total-rna/rneasy-kits vid. 01/09/2023

Cell-Free RNA Microbial RNA

RNeasy Plant Mini Kit

For purification of total RNA

from plants and fungi

RNeasy 96 QlAcube HT Kit

For automated high-throughput
isolation of RNA from animal

and human cells and tissue

miRNA mRNA

QlAzol Lysis Reagent

For efficient lysis of fatty and
standard tissues before RNA

isolation

PAXgene Blood RNA Kit IVD

For isolation and purification of
intracellular RNA from blood
stabilized in PAXgene Blood
RNA Tubes

P Quick Order Y7 Cart (@ECNEYNEeIe | a

QlAsymphony RNA Kit

For automated purification of
fotal RNA, or total RNA with

miRNA, from fissues or cells

RNeasy Universal Kits

For purification of total RNA

from all types of tissue

RNeasy Lipid Tissue Mini Kit

For purification of up to 100
pg total RNA from fatty tissues

and other types of tissue

RNAprotect Reagents and
Tubes

For immediate stabilization of
RNA in tissues, cultured cells

and bacterial cultures

PAXgene Blood miRNA Kit

For purification of miRNA and
total RNA from whole blood

RNeasy Fibrous Tissue Mini
Kit
For purification of up to 100

pg total RNA from fiber-rich

tissues

Fig. 42
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5. lzolace RNA

Phenol, i
-
»@uanidinium — phenol — chloroform extraction” & o
TRI Reagent (Sigma) o pron
TRIzol (Invitrogen) AnA

Trisure (Bioline) ...

Homogenize sample in TRI?Reagent

|
Phase separation using
bromochloropropane or chloroform

| Aqueousphase: RNA | Interphase and

Organicphase
Toe [
Isopropanol precipitation Qe
aqueous phase: RNA P S‘; dime’r"otRb?A [ Ethanol precipitation |
interphase: DNA
| | WashRNA pellet | | DNA pellet | |Organicphase: proteins|
/
( Solubilize RNA | | WashDNA pellet | |lsopropanol precipitation
+ Sedimentproteins
Solubilize DNA
in 8mM NaOH [ Wash protein pellet |

Neé:tralize DNA solution Solubilize proteins

emove debris by Remove debris by
sedimentation sedimentation

Obr.43 dostupne z https://toptipbio.com/tips-rna-extraction-trizol/ vid. 01/09/2023

Phenol, pH 8

DNA

«— DNA + RNA
(aqueous)

<«— Protein
(organic)
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6. Izolace plazmidové DNA
,Birnboimova metoda“

plasmidova DNA x bakterialni genomova DNA

E.coli

i~ Owernight Culture

Pellet and resuspend cells E
Alkaline lyse and neutralize

Add Column Preparation E
Solution and spin

——

Bind DNA E
Spin

Wash
Spin

Obr.44 dostupne z P

https://www.selectscience.net/products/giaprep- Elute ready-to-use
in-mini -kit- ? = i .
spin-miniprep-kit-250/?prodiD=8134 vid. 01/09/2023 plasmid DNA E
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6. Izolace plazmidové DNA
,Birnboimova metoda“

Postup:

» alkalicka denaturace (NaOH, pH=12.0 + SDS) ™

» neutralizace (KAc, pH 5.5)

= plasmid renaturuje, dlouha bakterialni DNA ne

» centrifugace
= supernatant: plasmid

= pelet: proteiny, genomova DNA ...

» (RNase A)

> p re C| p |ta Ce p Ia S m id OVé D N A et h a n O | e m Obr.45 dostupne z https://www.giagen.com/us/products/discovery-and-

» centrifugace

plasmidova DNA x bakterialni genomova DNA
- separace dle velikosti

.| pLASMID
=T DNA

(1) Detergent (SDS) lyses bacterial cell; sodium hydroxide denatures
chromosomal and plasmid DNA into single strands.

(2) Potassium acetate/acetic acid returns solution to neutral pH and
precipitates lipids and large proteins. Partially renatured

PRECIPITATE chromosomal DNA is trapped in precipitate, while renatured
CONTAINING plasmids remain in solution.

HROMOSOMAL ) o
SNA (3) Centrifugation separates plasmid DNA from precipitate.

translational-research/dna-rna-purification/dna-purification/plasmid-dna/qiagen-
plasmid-kits vid. 01/09/2023
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7a. Selektivni izolace RNA/DNA

MRNA

Izolace mMRNA (messenger RNA)
MRNA, ktera tvori pouze 1 —5 % totalni RNA

Typickd mRNA je chranéna na 5‘ konci ¢epickou a 3‘ konci poly(A).
MRNA navaze na oligo dT matrici Casto umisténou ve specialni

kolonce ¢i konjugované s kulickami.

DNA mRNA. Metabolites
rRNA peptidoglycan

165 4N
rRNA 23S tRNA ooy,

lipid

rRNA 55

protein -

glycogen

cell-specific Dynabeads’
Animal / Plant Serum / Plasma
tssue |
Cultured \‘ @ / Total
cells RNA
%’
Add Dynabeads Oligo (dT),,
1o crude lysate containing
polyadenylated RNA
| s
and wash

transcription
l TTTTTTTTI T Fovveeeees Vst strand CONA
AAAAAAAAAAAA
Downstream applications

Obr.46 dostupne z https://www.cd-
bioparticles.com/t/Nucleic-Acid-Separation 49.html
01/09/2023
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7b. Selektivni izolace RNA/DNA
dle specifické sekvence

Selektivni vychytani RNA ¢i DNA diky
casticim, které se vaii:

» na specifickou sekvenci DNA/RNA

I J\-’\.’\f\."-:\”l[lTﬁGGGG{.(((C{_/\/\/

.ITTTT'ﬂﬂﬂhthCCCcEGGGGG

—

~ NN

—_—

ple - specific sequence

MPs

AAAAAATTTTTTGGGGGGCCCCC

Separation of specific sequence from interferences

NN\

AAAAAATTTITTITGGGGGGCCCCC

Elution of target nucleic acid

AAAAAATTTTTTGGGGGGCCCCC

 —

HEATING |

Obtaining of isolated specific sequence

-'l TTTTTAAAMAAACCCCCCGGGGEG

Isolated specific sequence prepared for other analysis

Obr.47 dostupne z

Chomoucka et al., International Journal of Nanotechnology, 2012
Nanotechnologies for society: new designs and applications of nanosensors and
nanobiosensors in medicine and environmental analysis.

https://www.researchgate.net/publication/257948895_Nanotechnologies_for_society_New_designs_an
d_applications_of_nanosensors_and_nanobiosensors_in_medicine_and_environmental_analysis/figures
?lo=1 vid. 01/09/2023
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7c. Selektivni izolace RNA/DNA
pomoci asociovanych proteinu

Selektivni vychytani RNA ci DNA diky protilatkam,
které se vazi na protein, ktery se specificky vaze na danou oblast
(ChIP — Chromatin Immunoprecipitace)

Cross-linking

N D R

R~ R —
Crosslink Wash steps | 3\‘2\ }Immunoprecipitatior) & }
reversal } ®

Ay Ay

P % po V% — DNA and protein analysis

DNA purification and
quantitative PCR

Obr.48 dostupne z https://www.sigmaaldrich.com/CZ/en/technical-documents/technical-
article/genomics/gene-expression-and-silencing/chromatin-immunoprecipitation-chip vid. 01/09/2023
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7d. Selektivni izolace RNA pomoci aptameru

RNA aptamery:

vazebny

MS2: je rozpoznan MS2 vazebnym proteinem

I0RCAC) %
S1: je rozpoznan Streptavidinem S A B
9000 R0, ®®© %’_
3
@© ©®
® ®
@@@@@

review Gemmill et al., 2019
doi.org/10.1139/bcb-2019-0041 Obr.49 dostupne z review Gemmill et al., 2019 doi.org/10.1139/bcb-2019-0041 vid. 01/09/2023



Izolace DNA z cibule

https://www.youtube.com/watch?v=priDTavoEK4

Chopped Onion

Isolated

DNA of Onion

PRINCIPLE

Isolation of DNA from Onion

S.N. PROCESS

PRINCIPLE
This degrades the cell walls and membranes further, permitting the release of

01 |Blending DNA. Do not blend for too long as this will break up the DNA fibers.
The detergent and heat tr degrades brane phospholipids and

02 | Detergent & Heat proteins, releasing the DNA.
The positively-charged sodium ions from the salt shield the negatively-

03 |Salt charged phosphate groups of the DNA molecules, helping them to precipitate
out of solution

g This slows the breakdown of the DNA which would occur if a high
04 | Cooling temperature was maintained.
05 |Ethanol It will precipitate into the upper (ethanol) layer. The DNA is the white

material in the clear alcohol layer.

Uploaded by- Solulmn-l’hum\:ﬂ

https://edu.ceskatelevize.cz/video/5531-pokus-izolace-dna-z-cibule-a-rajcete
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> Detekce a kvatifikace
izolované NK

% Detekce NK:
1. Fluorescencni detekce
2. Barveni NK stribrem
3. Pomoci metylenové modfri
4. Radioaktivni vizualizace

< Kvantifikace NK
1.0dhad z gelové elektroforézy
2. Pomoci absorbance
3. Fluorimetricka kvantifikace
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*¢* Detekce NK

Elektroforéza - separace makromolekul na zakladé naboje, konformace nebo velikosti

Supercoiling

konformace

Agardzovy gel

Mixture of - {Power . 7
DNA mol- iy source
ecules of ’ @ Cathode Anode € /
different ~J il B
sizes ¥~ 4‘” “77 N e R
} : \ Zarrintaj et al., Carbohydrate Polymes 187(2018) 66-84
Gel
1
: Power
source 1)
Longer 9 = .
molecules v o o e v s ;
P - P £ /\ .
(2 Shorter
molecules

(3% agardzovy gel, EtBr)
Nesvadbova et al., ACTA VET. BRNO 2019

https://www.thermofisher.com
datahttps://worldwide.promega.com/resources/pubhub/enotes/how-do-i-determine-the-concentration-yield-and-purity-of-a-dna-sample/ 01/09/2023
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¢ Kvantifikace NK
1. Odhad z gelové elektroforézy
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** Detekce NK 1) Fluorescenéni detekce

Ethidium bromide

(2,7-diamino-10-ethyl-9-phenylphenanthridinium bromide)

Interkalaci EtBr do hydrofobniho prostfedi DNA se diky
zbaveni se molekul H,O zvysi sila fluorescence zhruba
10x

Interkalace EtBr dsDNA kazdych 2.5 pb

Limit detekce DNA pouhym okem je zhruba 10 ng/band
ssRNA nebo ssDNA také muze byt detekovana - (vytvari
Casto helikalni struktury) je nutno davat na gel zhruba 5x
vice nez dsDNA

EtBr retarduje mobilitu DNA zhruba o 15%

EtBr inhibuje polymerizaci PAGE gelu

Semi-intercalation Intercalation

e Interkalace je zavisla i na sekvenci
(GC/AT).

e \edle standardni interkalace se mUze
EtBr semi-interkalovat.

Obr.58 dostupne z

https://www.scielo.br/j/jbchs/a/cvCGDs6rph79SxmTwlcJtNt/?lang=en vid.
01/09/2023 Vardevanyan et al., J. Braz. Chem. Soc. 2012

62



Interkalaci EtBr do hydrofobniho prostredi DNA se diky
zbaveni se molekul H,O zvysi sila fluorescence zhruba

10x

*¢* Detekce NK

1) Fluorescencni detekce

Ethidium bromide

(2,7-diamino-10-ethyl-9-phenylphenanthridinium bromide)

Interkalace EtBr dsDNA kazdych 2.5 pb

Limit detekce DNA pouhym okem je zhruba 10 ng/band
ssRNA nebo ssDNA také muze byt detekovana - (vytvari
casto helikalni struktury) je nutno davat na gel zhruba 5x

vice nez dsDNA
EtBr retarduje mobilitu DNA zhruba o 15%
EtBr inhibuje polymerizaci PAGE gelu

Obr.59 dostupne z
https://www.scielo.br/j/jbchs/a/cvCGDs6rph79SxmTwlJcJtNt/?lang=en vid.
01/09/2023

EtBr

1-5 NE (limit detekce DNA)

5 Nng (limit detekce RNA)

Vardevanyan et al., J. Braz. Chem. Soc. 2012
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Syber Green | —

*¢* Detekce NK

e \VaZe se na dsDNA.

e Senzitivita Syber-greenu je zhruba 25x vyssi nez EtBr

(pomoci 300 nm transiluminatoru).

e Detekcni limit dsDNA je ~60 pg/band pomoci 300 nm
transiluminatoru (zhruba 20 pg s 254 nm epillluminatorem).

e Detekce ssDNA and RNA: 100-300 pg/band

(s pouzitim 254 nm epi-illuminace).

trans-iluminatory-svétlo prochazi skrz, detektor na druhé strané vzorku
epi-iluminatory-osvétleni a detekce z jedné strany vzorku

e \yuziti pri fluorescencni kvantifikaci Ci real-time PCR.

1) Fluorescencni detekce

SYBR Green |

60 pg (limit detekce DNA)

1 Ng (limit detekce RNA)

(bp) (kb)

-5,0

-25
2000 -

1000 -

-0,5

200 -

Obr.62 dostupne z https://encrypted-
tbn0.gstatic.com/images?q=tbn:ANd9GcTbIIS_Y6TIJH5
M4naFpDZ2tZCFnO2ACkxwHBN66_qyLT4jYps_O vid.
01/09/2023
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*»* Detekce NK 1) Fluorescenéni detekce

Syber Green | a mnoho dalSich:

= Syber Green Il ...senzitivnéjsi pro RNA

= Syber Gold ... 10x senzitivnéjsi neZ EtBr

= Syber Safe ...podobna senzitivita jako EtBr
= GelGreen ...ekvivalent k 2 molekulam EtBr
= GelRed ... 10x senzitivnéjsi neZ EtBr

EtBr GelRed SYBR Safe GelGreen

https://biotium.com/technology/gelred-gelgreen-nucleic-acid-gel-stains/
http://www.mecanusa.com/genetic/filterwork.htm
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*¢* Detekce NK

1) Fluorescencni detekce

Akridinova oranz:

dsDNA, dsRNA: emise zelené fluorescence.

ssDNA, ssRNA: emise ¢ervené fluorescence.

Pozn.: pfi vySsSim poméru barva/DNA - emise jen zelené fluorescence.
Excitace / Emise (nm): 460/650 (RNA),500/526 (DNA).

Total dsRNA Poly!l Polyl:C
RNA

Jorg Hermann Fritz, Visualizing Virus-Derived dsRNA

Obr.67 dostupne z
https://www.researchgate.net/publication/319107687_lsolat
ion_of_Group_2_Innate_Lymphoid_Cells_from_Mouse_Lung
s/figures?lo=1 vid. 01/09/2023

acridinova oranz

50 Ng (limit detekce DNA)

100 NE (limit detekce RNA) 66




s* Detekce RNA

1) Fluorescencni detekce

RNA aptamer vazici zeleny fluorofor

Spinach (spenat)
Paige et al., 2011
Stem loop 2 /_&

l/
Stem loop 3 . \\ . Stem loop 3

Stem 1

Stem loop 4
Spinach Spinach-DFHBI
fluorescent complex

VarnBuhler et al., 2022

5
Target RNA-templated

Lettuce DNA Nonfunctional Lettuce with flanking
Aptamer Split Lettuce sequences

Filonov et al., 2014

¢

qo

shrnuto v Yin et al., 2022
doi.org/10.1002/anse.202200090

Obr.68 dostupne z https://chemistry-europe.onlinelibrary.wiley.com/doi/full/10.1002/anse.202200090 vid. 01/09/2023
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*¢* Detekce NK

2) Barveni NK stribrem

Barveni stribrem:

e Dusi¢nan stribrny - redukce stfibrnych kationtl na nerozpustné stribro.

e Detekuje ssDNA, dsDNA i RNA.
e Mirné vyssi citlivost nez EtBr.

e Vhodnéjsi pro polyakrylamidové gely.

Postup barveni:

e fixace (metanol, ledova kyselina octov3d, glycerol, formaldehyd...)

e vlastni barveni (AgNO,)
e zastaveni (ledova kyselina octova)

e promyti v destilované vode

stribro

1 Ng (limit detekce DNA)

5 Ng (limit detekce RNA)

Bassam and Gresshoff

Nature Protocols (2007)

Obr.69 dostupne z
https://www.nature.com/articles/
nprot.2007.330 vid. 01/09/2023
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s Detekc

e NK 3) Pomoci metylenové modfri

Metylénova modr:

* nekarcinogenni
* asi 40x méne citliva detekce ve srovnani s EtBr

* nenitfeba zdroj UV (vice Setrna k DNA — pri absenci UV zareni
nevznikaji pyrimidinové dimery (jako napf. jako u detekce EtBr)

Obr.70 dostupne z https://www.istechhk.com/product/dna-
fingerprinting-using-restriction-enzymes/ vid. 01/09/2023

methylénova modr

40-200 Ng (limit detekce DNA)

= (limit detekce RNA)
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TELEFSFFER
DANGER

* Detekce NK 4) Radioaktivni vizualizace vy

RABIOACTIVE

FETASFTER

vhodné pro vizualizaci malého mnozstvi DNA/RNA, specifické sekvence:
(southernlv n. notherntv prenos na nylonovou membranu, hybridizace s radioaktivné znacenou sondou)

RNA or DNA Solution passes through
R gel and filter to paper towels
\" & _ ¥ i
32p-labeled \ 5 . Migration |
size markers\> - i apertowe’s
S .= f’-i:':;:/ o 2 £k S5
%= = Electrophoresis i L b 5
T g —— £ 20 B { J
Gel e
Filter in i :

Expose *Seal-a-Meal" al | A

x-r:;) film Probe hybridized bag solution hitr °§§2‘r"°5°

to filter 4 to complementary

‘ sequence

R oo Gel\ -2
Remove Hybridize with unique # DNA
Autoradiogram unbound 32pP-labeled transferred
probe nucleic acid probe to filter

Obr.71 dostupne z https://microbiologynote.com/cs/Southern-blotting-definice-princip-kroky-
d%C5%AFle%C5%BEitost/ vid. 01/09/2023 Griffiths et al., 2000
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*¢* Detekce NK

TELEFEFFLR
DANGER

4) Radioaktivni vizualizace  *'®

l BRARIOACT TIVE
(P77 727271

vhodné pro vizualizaci malého mnozstvi DNA/RNA, specifické sekvence:

Identicky gel / membrana:

Gel:
EtBr vizualizace

» celkova genomova
DNA je viditelna

Membrana:
32p koncové znaceni

» pouze telomerickd DNA
je vizualizovana

A

» pouze chloroplastova DNA
je vizualizovana

LY N ’i'.““- o svuls ? Bensuy

Fig. 72

71



¢ Kvantifikace NK
1. Odhad z gelové elektroforézy

Koncentrace DNA a celkovy vytéZzek muize byt odecten po gelové elektroforéze
- porovname-li intenzitu bandu vzorku DNA s prislusnym standardem.

GeneRuler™ 1 kb DNA Ladder

0’GeneRuler™ 1 kb DNA Ladder,
ready-to-use

| bpng/oSpg %
Mixture of - Power | = e . -
B ST source Y
g.c:‘::?e's"g‘lf\’ ' ’ @ cathode Anode € b B P "1 ﬁ '
leren ~ ]
sizes y ~ $,5,  ;§" & °

Longer.
mohcd\:;;;’gzl

| |0l
[

®
/
2
Y
'v!'
.
Q.'
.8

Obr.51 dostupne z foto autor

Schrumpfova et al., unpublished
https://www.thermofisher.com

o‘l

Obr.52 dostupne z
https://eshop.biogen.cz/ogenerul
er-1-kb-plus-dna-ladder-ready-
to-use vid. 01/09/2023

datahttps://worldwide.promega.com/resources/pubhub/enotes/how-do-i-determine-the-concentration-yield-and-purity-of-a-dna-sample/

O NP DO D
OO0 OO oO

1% TopVision™ LE GQ Agar

0.5 pafane, 8 cm length gel,
1XTAE, 7V/iem, 45 min
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Vybér vhodného zebricku (ladder

Separace stejnych DNA fragmenta
»Low melting agarosa ,Bézny" agardzovy gel

«

pb

10 000
6 000

3 000
2 000
1 000

750
500

{1 T

il e el Bl s GeneRuler™ 1 kb DNA Ladder | | GeneRuler™ High Range DNA Ladder | | RiboRuler™ High Range RNA Ladder
eneRuler ra Low Range aader, 0’GeneRuler™ 50bp DNA Ladder, ) ™
ready-to-use o b 4 0’GeneRuler™ 1 kb DNA Ladder, bpng/0Spg % bases ng/2 yl bases
bpng0Spa % bp b n0Sun__ % . ready-to-use
—300 300 60 bpng0Spg %
i % % _ 300 [, 1000 200 60 " 120 — 6000
100 375 75 000 = @i E é%% 5 120 s
Bl — =g N - f00’ 00 60 120 - 3000
50 1050 210 100 = by~ 5 750 150 500 [ .0 14,
5 3 975 75 _ 7 2 -400 00 60 e— "8'0'8 588 38 pex 43502 0.0 16.0 e 120 — 2000
g 2 35 75 i ERS- 0 w0 0 = = R o [/ 24508 880 177 - 120 C i
H - R - 50 " — 300 =]~ 2000 700 140 S Ry 2055 800 159 g 120 = 1000
H i S 5 o 7o 20 g f—f - 20 20 50 % D 17000 500 1138 s ' -
3 10 600 120 § — 100 350 70 — 200 % _ %500 950 50 g — {5055 g‘o 118 % 120 "
I 5 50 B0 70 — 150 @ S R — 13825 500 100 g S — 200
L £ e 1000 60.0 120 I 5 :
2 - z S ) 50 5o < el 12119 470 94 s 120 8
= g — 100 g " . w 2 3
% 15 £ § —500 250 50 = g 10171 37.0 73 g gf
0.5 paftane, 8 em length gel, P 05 pgians, 8 cm kngth gel, = — 250 250 50 é 2 E’
1XTEE, 5V/em, 1 h 2 _ 10 1XTEE, 5 Vem, 1 h 2 — 50 % 3 g 2
g : 5 = g g
g g = S - 2
2 £ £ S 2 il of SM1821/kane, 2 pl of #SM1821/ane,
6 gk a0 : e, 20 cm ength oo, | | 03 H/iane, 8 cm length gel, 0.4 pgane, 8 cm length gel, 8 cm length gl 8 cm length gel,
TSV an Ut svenan | | IXTAE, 7Vicm, 45 min 1XTAE, 5 Viem, 1.5h XTAE, 5 Viem 1X MOPS, 5 Vicm
Pro rozliSeni super-  Pro rozliSeni velmi Nejéastéji Zebti¢ek vhodny pro Zebficek RNA
s ’ o , ’ o v ” s 7 H . A
kratkych fragmentG: kratkych fragmentd.  pouzivany vysokomolekuldrni transkriptu: vhodné
vhodné pro PAGE 7ebticek: vhodny dsDNA. pro gely s RNA.

gely, napr siRNA.

pro rozliseni
béznych PCR
produktd.

Obr.53 dostupne z https://eshop.biogen.cz/generuler-50-bp-dna-ladder vid. 01/09/2023
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** Kvantifikace NK

2. Pomoci absorbance

Absorpce svétla vinové délky:
» 260 nm - nukleové kyseliny
» 280 nm - proteiny

» 230 (320) nm — kontaminace (fenolické Iatky, EDTA, mocovina.. )

UV-transparentni
kyvety:

> s

Wi |

e nugagy |

Pro vzorky s malym
objemem (~1 pl):

Obr.54 dostupne z https://www.directindustry.com/prod/harvard-bioscience-inc/product-23613-59124.html vid. 01/09/2023
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** Kvantifikace NK

3. Fluorimetricka kvantifikace

Vhodné zvlasté pro malo koncentrované vzorky DNA / RNA

Invitrogen™ Qubit™ 4 Fluorometer

* KitPicogreen dsDNA Assay Kit
* OliGreen ssDNA Assay Kit
* Qubit RNA HS (High Sensitivity) Assay Kit

6 @ T
bt W |
Add Qubit working '
Standards SN TN soltion for a total j
i 10 PL?‘\' 10 PL-‘:-J volume of 200 pl '
| l
N |
v v Vortex tubas B
for 2-3 2ec
Incubate at room i
e Hell e temparature for
Ussr [ | | ‘ Add Qubit working 2minor 15 mn
samples W ‘v‘ ' sobtion for a total /
12op\ 1-20p0\ 1-20pL\ VORETI 4 200 14 Read tubes in

™ - T Qubit 4 Fluocrometer
[ | |
| {
\ \

Obr.55 dostupne z https://clinomicsdiag.hu/en/technology/ vid. 01/09/2023
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Porovnani metod kvantifikace

RNA

~
3 N Mo O NN N O . ¥
Kvantifikace 3mMmooOoOwmowno Kvantifikace IS 0w
. O N MO O < N omoci S0 MM
pomaoci = c q: q: q: N N (Yi p -~ téo o~ O O
absorbance: J absorbance: 3
Detekce na 1% — - . vysledna
. 00 0 o0 N
agardzovém gelu N " = . ' ' - Kvantlflkace, 3 O I~ 00 N koncentrace
pomoci EtBr: ‘ pomoci a0 AN AN 0N N nenjovlivnéna

fluorescence: kontaminacemi

Obr.56 dostupne z https://bitesizebio.com/25329/nanodrop-spectrophotometer-pros-and-cons-2/ vid. 01/09/2023



Souhrn: extrakce, purifikace a kvantifikace NK

Detekce a kvantifikace

Sekvenace

Amplifikace pomoci PCR
/ real-time PCR

Extrakce Purifikace

NS



Kratka navstéva laboratofi...

L Ve = QXN 77 g

Dékuji za pozornost

Pokrocilé metody v soucasné genomice a proteomice

Metody extrakce, purifikace a kvantifikace nukleovych kyselin (NK)

4

Metody sekvenovani DNA a RNA

Financovano
Evropskou unii
NextGenerationEU

o, Mirodi B

\ obnovy imEEnesesn




