Izolace a purifikace nukleovych kyselin
METODY MOLEKULARNI BIOLOGIE




Nukleove kyseliny

DNA - jaderna, mitochondrialni,
chloroplastova, plasmidova

vodikové vazby v DNA jsou stabilni v
rozmezi pH 4-9

RNA — rRNA (80 %), tRNA (10-20 %),
mRNA (5 %), miRNA, ...
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Image adapted from: National Human Genome Research Institute.



/droje NK pro izolaci

bunky — bakterie (genomova nebo plasmidova DNA), kvasinky

virové castice
produkty PCR, DNA v gelu po elektroforéze
bunécné kultury —izolace genomové DNA, mRNA

tkané a organy eukaryot

klinické laboratore - leukocyty, amniocyty, bunky z bukalni sliznice,
bunky z cerebrospinalniho moku, vlasové korinky, biopticky material

forenzni genetika — télni tekutiny, vlasy, ¢asti tkani nebo organu



1zolace nukleovych kyselin

je treba NK oddélit od ostatnich bunéénych komponent, které by mohly
branit jejich dalSimu vyuziti a analyze

poruseni bunécnych stén — lyze bunék, homogenizace vzork(
pouziti enzymu — proteinaza K, RNaza, DNaza
centrifugace

adsorpce NK na silikat (SiO,)
fenol-chloroformova extrakce

precipitace (srazeni) NK




1zolace NK — lyze bunéek

degradace bunécnych stén : enzymaticka (lysozym), chemicka
(detergenty — SDS, Triton X-100) nebo fyzikalni (mechanické treni,
mrazeni a rozmrazovani, ultrazvuk)

Detergent reacts Detergent destroys Intracelbilar
: components are
with cell membrane the cell membrane
released

http://www.mdpi.com/2072-666X/8/3/83



Homogenizace vzorku

BREAKING CELLS AND TISSUES

The first step in the
purification of most
proteins is to disrupt
tissues and cellsin a
controlled fashion.

Using gentle mechanical procedures, called homogenization,
the plasma membranes of cells can be ruptured so that the cell
contents are released. Four commonly used procedures are
shown here.
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Break cells with 2 Use amild detergent
high-frequency to make holes in the
sound. plasma membrane.

—

cell
suspension

3 Force cells through 4 Shear cells between
a small hole using a close-fitting rotating
high pressure. plunger and the thick

walls of a glass vessel.

The resulting thick soup (called

a homogenate or an extract)
contains large and small molecules
from the cytosol, such as enzymes,
ribosomes, and metabolites, as well
as all of the membrane-enclosed
organelles.

When carefully conducted,
homogenization leaves most
of the membrane-enclosed
organelles intact.

http://cellbiologyolm.stevegallik.org/node/74




Metody izolace NK

1. Vyuziti vazby NK na silikatovou kolonu (SiO,)

2. Extrakce a precipitace NK

Protein DNA DNA
Removal Precipitation Rehydration

Cell Harvest Cell Lysis ‘5‘15
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Metody izolace DNA

1. Vyuziti vazby DNA na silikatovou kolonu

v pritomnosti chaotropnich soli (zvysSujicich iontovou silu, napt. Nal)
se DNA vaze na silikat (SiO,)

Na® Na® Na* Nat
O 0O 0O 0O
I I T
Si

Si  Si Si




=

p4 =] modified
|zolace DNA na koloneée S5E ety
gl i
==
, : =1 dclarification
= of lysate
SOS precipitate &)
11,000x g 11,000x g 11,000x g 11,000 x g E binding
lysis binding washing drying elution
(3%) S
washing
komercéné dostupné kity pro rGzné druhy a objemy vzorka: &S
rostlinné vzorky, plna krev, plasmidova DNA, celkova RNA, skition
MRNA, miRNA, izolace DNA z gelu, precisténi PCR produktt
clomng ana :‘lsm
sequencing / J \\ transformation

PCR  hybridization



resuspendacni pufr
lyzacni pufr — SDS, NaOH

neutraliza¢ni pufr - KAc

Plasmid

Plasmid QuﬁPure

promyvaci pufr - ethanol

eluéni pufr —nizka IS

Plasmid (NoLid)
1 Cultivate
and harvest
bacterial cells
11,000 % g, 11,000 % g,
308 308
2 Cell lysis 250 pL Bufler A1 250 uL Bufler A1
250 uL Buffer A2 250 uL Buffer A2
AT, up 1o 5 min AT, up 1o 5 min
300 pL Buffer A3 300 plL Buffer A3
3 Clarification of
the lysate
11,000 % g, 11,000 g,
510 min & min
4 Bind DNA
Load supernatant Load supernatant
11,000 X g, 11,000 x g,
1 min 1 min
5  Wash silica (Optional:
membrane 500 pl Buffer AW:
RT or 50°C) 450 pL Bufter AQY
600 Pl Buller A4
11,000 X g, 11,000 % g,
1 min 3 min
6  Dry silica
membraneg
Drying is performed during
cenlrifugation of the
single washing step
11,000 % g,
2 min
7  Elute DNA
50 pL Buffer AE 50 pL Buffer AE
AT, 1 min RT, 1 min
11,000 X g, 11,000 % g,
1 min @ 1 min

MACHEREY-NAGEL GmbH & Co. KG - Neumann-Meander-Sir. 6-8 - 52355 Daren - Garmany
Tel: +49 24 21 969-270 . Fax: +49 24 21 959-199 . tech-bio@mn-net.com - www.mn-net.com




Cells

|
Fenol-chloroformova extra kceﬁ

homogenize

fenol:chloroform:isoamylalkohol (25:24:1) pH 8,0 ¢

EDTA — chelatacni Cinidlo Add chioroform
o . . and shake

fenol — rozpoustédlo, chloroform — denaturuje proteiny

tfepanim a centrifugaci vznikne fazové rozhrani @ Separate phases

spodni ¢ast (organicka faze, lipidy)

Transfer
¢ aqueous phase

rozhrani (vysrazené proteiny)

horni ¢ast (vodna faze, polarni latky, NK)

http://physiology.med.cornell.edu/faculty/mason
/lab/zumbo/files/PHENOL-CHLOROFORM.pdf




Precipitace DNA

precisténi DNA napfr. po fenol-chloroformové extrakci

1. pridat 3M octan sodny (pH 5,2) do 1/10 celkového objemu

2. pridat 100% ethanol (vychlazeny) — 2,5x objem — zmrazit — precipitace DNA
3. centrifugace (11 000 g)

4. odebrat supernatant, pridat 80% ethanol

Salts
Discard ~
Salt | %% ¥ Centrifuge supernatant ;,"‘.
—_— (¢, — - s
Alcohol - Suspend in water
; Pure
Mucleic
aicd
Nucleic acid Precipitated Nucleic acids

solution nucleic acid



Precipitace DNA

5. centrifugace

6. odebrat supernatant, pridat 80% ethanol
7. centrifugace
8. odebrat supernatant, vysusit, rozpustit ve vodé nebo TE pufru

(pro lepsi vytézek lze pridat nosic — tRNA, glykogen)

Salts
Discard ~
Salt | %% ¥ Centrifuge supernatant Jf
I " g2 ) ) P !
Alcohol - Suspend in water
X Pure
MNucleic
aicd
Nucleic acid Precipitated Mucleic acids
solution nucleic acid



Analyza plasmidové DNA

Plasmid DNA:
Form Il I Nicked
Form Il — Icke

—

Form | Linear

Supercoiled

DNA photo-cleaving agents in the far-red to near-
infrared range — a review. RCS Advances DOI:
10.1039/C5RA28102D




Analyza plasmidové DNA
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Petr et. al. Bioscience Reports (2016) 36, e00397,
doi:10.1042/BSR20160232




lzolace RNA

http://physiology.med.cornell.edu/faculty/mason
/lab/zumbo/files/PHENOL-CHLOROFORM.pdf

guanidium thiokyanat-
fenol-chloroformova extrakce
pri pH 4,5

lochrana proti pusobeni RNaz!

Phase separafion |sopropancl precipitation

Organic phase

(®) pH 4.5

Negative charges
on carboxylic acid
side-chains remain

Proleins precipitate

Negative charge on
PO,* is neutralized
with H*
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FIGURE 2. Acid phenol specifically leaves RNA in the aqueous phase. As the pH decreases,
the concentration of protons increases. DNA caries a negative charge because of the
phosphate groups in its sugar-phosphate backbone, which are neutralized in acid by
protonation. In this case, DNA dissolves in the organic phase (like dissolves like). RNA, on the
other hand, is not neutralized in acid because, even though it also has a negative charge, it

has exposed nitrogenous bases (it is single-stranded). which can form hydrogen bonds with
water, keeping it in the aqueous phase. (3]




lzolace RNA

guanidium thiokyanat-fenol-chloroformova extrakce

Harvest + Guanidinium + Phenol _ Agqueous
cells thiocyanate + CHCly Centrifuge phase
—_— B —_ =
Crganic
! phase
/ Remove
agueous
| phase
Resuspend ANA )
in sterile HO Centrifuge _ + |sopropanol |- ] ANA
Total | Lv'll 1 DNA + protein
ANA J DNA
RMNA pellet
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Izolace RNA/Protein

U

cell lysis

filtration of lysate
NucleoSpin® Filters

bind RNA/DNA

protein in column flow-through

tei ificati

RNA/DNA bound to silica membrane é‘
RNA purification o

membrane desalting :
rDNase incubation direct!
¢
g

recipitate protein
special Protein Precipitator)

on the membrane at R
wash RNA
elute highly pure RNA E‘
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all typical
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Integrita RNA
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RNA integrity following Balch homogenization. Two methods were employed to
extract RNA from C. elegans following sample disruption with the Balch
homogenizer. (A) Guanidinium isothiocyanate method employing a NucleoSpin RNA
Isolation Kit. (B) Trizol (phenol-based) method. In both instances, worm samples
were homogenized before molecular disruptants were added. No obvious
compromise in RNA integrity was observed in either method. Listed in each panel
are DNA marker sizes (bp) and RNA species (28S, 18S, and 5S ribosomal RNA and
transfer RNA [tRNA]).

Bhaskaran, Shylesh et al.(2011). Breaking
Caenorhabditis elegans The Easy Way Using The
Balch Homogenizer — An Old Tool For a New
Application. Analytical biochemistry. 413.123-32.
10.1016/j.ab.2011.02.029.




