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Nukleové kyseliny



Prace s nukleovymi kyselinami

- Izolace DNA

- Izolace RNA

- Gelova elektroforéza

- Detekce mRNA - Northern blotting, RNAse
protection assay, RT-PCR, expression
microarrays




Isolation of Nucleic Acids

Goals: Types of Methods:

* removal of proteins - differential solubility

* DNA vs RNA « ‘adsorption’ methods

« isolation of a specific - density gradient
type of nucleic acid centrifugation

Types of DNA:

* genomic General Features:

(chromosomal)
« organellar (satellite)
» plasmid (extra-
chromosomal)

« denaturing cell lysis (SDS,
alkali, boiling, chaotropic)
++ enzyme treatments

' - protease
* phagelviral (ds or ss) - RNase (DNase-free)
- complementary - DNase (RNase-free)
O] (MRNA)




High MW Genomic DNA Isolation

Typical Procedure

1 Cell Lysis

— 0.5% SDS + proteinase
K (565° several hours)

2 Phenol Extraction

— gentle rocking several
hours

3 Ethanol Precipitation

4 RNAse followed by
proteinase K

5 Repeat phenol extrac-
tion and EtOH ppt

Phenol Extraction

* mix sample with equal volume
of sat. phenol soln

* retain aqueous phase

 optional chloroform/isoamyl
alcohol extraction(s)

\J/

<« aqueous phase
(nucleic acids)

dSC
< phenol phase
(proteins)




High MW Genomic DNA Isolation

Typical P_rocedure EtOH Precipitation
1 Cell Lysis « 2-2.5 volumes EtOH, -20°
— 0.5% SDS + proteinase * high salt, pH 5-5.5
K (55° several hours) - centrifuge or ‘spool’ out

2 Phenol Extraction
— gentle rocking several

hours <

3 Ethanol Precipitation

4 RNAse followed by
proteinase K

5 Repeat Phenol Extrac-
tion and EtOH ppt




Isolation of RNA

Special Considerations

 RNAse inhibitors!

« extraction in guanidine salts

* phenol extractions at pH 5-6
* (pH 8 for DNA)

 treatment with RNase-free DNase

- selective precipitation of high MW
forms (rRNA, mRNA) with LiCl

* oligo-dT column

oo




Adsorption Methods

* nucleic acids selectively absorb to silica or
diatomaceous earth in presence of certain
chaotropic agents or salts

- - - 1 i i
- applications: Plasmid Miniprep Protocol
* plasmid preps 1. Solubilize bacteria in alkali
» fragments after solution

electrophoresis 2. Neutralize with Na-acetate
* PCR templates 3. Centrifuge, discard pellet
4. Mix supernatant with resin
+ chaotropic agent
. Wash resin
. Elute DNA with low salt
buffer

o O,




IZOI(lce plazmidﬁ Pelleted bacteria




RNA extraction and isolation

"Isolation of high quality RNA is one of the most
challenging technigues in modern molecular biology”

Nice versus nasty

Chomczynski, P. and Sacchi, N. Single-Step Method of RNA Isolation by Acid
Guanidinium Thiocyanate- phenol-chloroform extraction. Anal. Biochem. 162,
156-159 (1987).

Will require use of inhibitors to inactivate
endogenous RNases

e.g. guanidinium isothiocyanate (GITC)
RNAzol/Trizol/Ultraspec (14M GITC and urea salts)

Qiagen RNeasy - use of columns to avoid organic
extractions.



Issues related to RNA isolation

» protection of RNA against degradation by RNases
avoid touching samples

* RNase inhibitors such as Guanidinium Thiocyanate

<+ removal of contaminating DNA
» acid-phenol chloroform extraction
» oligo d(T) methods (only eukaryotic mRNA)
* DNases




Best methods for removing DNA contamination

< Oligo d(T) methods (for eukaryotic mMRNA only)

exploit the poly(A) tail of eukaryotic mMRNA
hybridize Oligo d(T) + a with poly(A) tail
separate bound mRNA

q

~-bound mRNA
pellet




Best methods for removing DNA contamination

* DNase

1. degrade contaminating DNA with Dnase

2. disable / remove DNase




Izolace RNA pomoci kitl

RNeasy Mini RNeasy Plant
Procedure Mini Procedure
Cells Plant material
Animal tissue l 1 Fungus
© Stabilize sample in ©  RNAlater g‘zfe T Gt @
N RNA ays a [j se
RNAlater RNA Stabilization stabilization 4 wcfeks 2-8°C
Reagent. Reagent archive -20°C
1 or -80°C l
@ Disrupt sample and lyse
with GITC-containing buffer 2 Centrifuge ©
(Buffer RLT). 0:0 el through
mogene QlAshredder
© Homogenize sample to shear genomic
DNA and reduce viscosity of lysate.
@ Add ethanol to adjust binding (4] é Add ethanol

conditions.

|

Bind total RNA
Total RNA

O Apply sample to RNeasy spin (5]
column for adsorpfion of RNA to

i
membrane. ¢
|
-~

® Remove confaminants with simple (6] Wash 3x

wash spins (Buffers RW1 and RPE).

@ Elute ready-to-use RNA in water. (7] E§ Elute
Tolal RNA




Evaluation of Nucleic Acids

» spectrophotometrically
* quantity
+ quality

* fluorescent dyes
 gel electrophoresis

A260 1.0 ~ 50 ,g/ml
Azso/A280 1.6 -1.8

A 260 1.0 ~ 40 ,g/ml
A260/A280 ~2.0

DNA

RNA




RNA extraction and isolation

Total RNA versus mRNA
Depends on final usage

mRNA will comprise 2-5% of
total RNA

mRNA usually requires a
further purification step -
polyA tail

Degradation can be
visualised with total RNA
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Nové technologie pro analyzu Cistoty a koncentrace NK

NanoDrop® ND-1000 UV-Vis Spectrophotometer

Small samples: designed for 1 ul samples
Dynamic range: measures 2-3700 ng/ul (dsDNA) on a
single sample.
Full Spectrum (220-750nm)
] 10 second measurement time
No cuvettes or capillaries
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Nové technologie pro analyzu Cistoty a koncentrace NK

Agilent 2100 Bioanalyzer
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Metody analyzy RNA

“» Northern blot analysis

RNA extraction, isolation & size fractionation

< Ribonuclease protection assay

- hybridization with anti-sense RNA
selection of desired RNA
protection against RNase

“» RNA-targeted Fluorescent In Situ Hybridization




 DNA strands can be separated under
conditions which break H-bonds

* double-stranded molecules can be
reformed in vitro

» formation of duplexes dependent on
sequence complementarity

- homologous ‘probes’ are used to
detect specific nucleic acids
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Northern and Southern Blots

transfer to membrane

\
RNA molecules § | § _—
‘.:..”l\:-“\ IDCU 9
B =
UN"d -.':'.," electrophoresis § \\\f
L
(RN
QAN detect specific fragments
WA - by autoradiography
DNA fragments
) ~2
N

J I

\\I\J-\s"’, >
restriction e 2
endonucieasas = 5 electrophoresis

incubate
wash

denature and transfer to membrane




Transfer DNA/RNA to Membrane

weight

¢ Capi"ary Action Iif__;_g______ = I glass plate

« original method Sapor towels| ——————— =

* no special apparatus =———————~—

- efficient, but slow o e— "1 P2por
«Vacuum ] — - J

» special apparatus

* quick and efficient B B
* Electro phoretic buffer reservoir

. gel mask

* not widely used B 0
*Fix Membrane membrane S porous support

) ‘baking’ (heat 800) to vacuum source

- * UV cross-link L




Factors Affecting Hybridization
g0

DNA bound to membrane

temperature

ionic strength
chaotropic agents
probe length
probe mismatch
% GC




Labeling DNA Probes

*random priming

» used for cloned DNA fragments
* T4 nucleotide kinase

» used primarily for synthetic oligonucleotides
*(nick translation)

+ earlier method replaced by random priming
+ quality control and reproducibility problems
*(terminal transferase)
» adds nucleotides to 3’ end
» used primarily for generation of
homopolymer tails



Random priming:

Labeling principle

The method of “"random primed” DNA labeling developed by Feinberg
and Vogelstein (1,2) is based on the hybridization of a mixture of all
possible hexanucleotides to the DNA to be labeled. All sequence
combinations are represented in the hexanucleotide primer mixture,
which leads to binding of primer to the template DNA in a statistic
manner.Thus an equal degree of labeling along the entire length of the
template DNA is guaranteed.

The complementary strand is synthesized from the 3° OH ftermini of
the random hexanucleotide primer using Klenow enzyme, labeling grade.
Modified deoxy- ribonucleoside triphosphates ([32P]-, [35S]-, [3H]-,
[125I]-digoxigenin or biotin-labeled) present in the reaction are
incorporated into the newly synthesized complementary DNA strand.

gcgtaa
tagcg gtaat

X Gp%AUCGCAUUAUGCGAAGGGCL




T4 nucleotide kinase:

Labeling principle

The bacteriophage T4 polynucleotide kinase catalyzes two
reactions: forward and exchange. In the forward reaction, the
enzyme transfers the y phosphate of [y-32P]JATP to the 5'-
hydroxy group of a DNA molecule (oligonucleotides or nucleoside
3'-monophosphates) or RNA, previously dephosphorylated with
alkaline phosphatase. In the exchange reaction, T4
polynucleotide kinase transfers the 5'-terminal phosphate group
of the DNA molecule to ADP. Then, the enzyme transfers the y
phosphate of [y-32P]JATP to the 5'-hydroxy

group of a DNA molecule.



Northern Blotting

5 -10ug isolated RNA
260/280nm ~ 2.0
(c.f. DNA 1.8)

Heat in formamide to denature

Denaturing agarose gel electrophoresis
Formaldehyde 0.66M/2.2mM

Glyoxal/Methyl Mercuric Hydroxide

weight

Y /////,,j.::::;';::.s.zzz”"“ <
ge
mgnassmm Blot/transfer the RNA

/ \ tray onto a membrane using

' 3 10X SSC salt solution




Filter

Northern Blotting

Hybridize with unique | RNA transferred to nylon or nitrocellulose

nucleic acid probe membrane/filter
[ |
~
Filter in j
"Seal-a-Meal" .

Probe (cDNA fragment/antisense RNA) can be
radiolabelled or chemiluminescent. Random
priming is the usual method for generating a
labelled probe

Remove
unbound ~“~ , Probe hybridized
probe y// to complementary

sequence

bag

Hybridization buffer is important as is
stringency of washing (Rapid Hyb ~ 1hr)

Expose
X-ray film
to filter

Y

Autoradiogram




Northern Blotting

Tissue stored Tissue stored Tissue stored
at 37'C for | da at RT for | week at 4°C for | month

- 285 RNA

(4.8 kb)
- 185 rRNA

(1.8 kb)

-

(2.5 kb)

- GAPDH

3 (1.4 kb)

Mowe House Howve Mownre Moure Mowe HMowe Mowse Meosne
Liver INA Sglewn LRA Kidney INA Liver RNA Splaen RNA Kidney ANA Liver ENA Splesa RNA idnay RNA

Probe can be stripped off the membrane which can be reprobed or
multi-probed.
Use a housekeeping type to probe to analyse changes

Glyceraldehyde 3’ phosphate dehydrogenase (GAPDH),
B-actin, B,-microglobulin
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The ribonuclease protection assay (RPA) is a highly sensitive and
specific method for the detection of mRNA species. The assay was
made possible by the discovery and characterization of DNA-
dependant RNA polymerases from the bacteriophages SP6, T7 and
T3, and the elucidation of their cognate promoter sequences. These
polymerases are ideal for the synthesis of high-specific-activity RNA
probes from DNA templates because these polymerases exhibit a
high degree of fidelity for their promoters, polymerize RNA at a very
high rate, efficiently franscribe long segments. The strategy for the
development of multi-probe RPA systems is to generate a series of
related gene templates, each of distinct length and each representing
a sequence in a distinct mRNA species. The templates are assembled
into biologically relevant sets to be used by investigators for the T7
polymerase-directed synthesis of a high-specific-activity, [32P]-
labeled, antisense RNA probe set. The probe set is hybridized in
excess to target RNA in solution after which free probe and other
single-stranded RNA are digested with RNases. The remaining
"RNase-protected" probes are purified, resolved on denaturing
polyacrylamide gel, and quantified by autoradiography or
phosphorimaging. The quantity of each mRNA species in the original
RNA sample can then be determined based on the intensity of the
appropriately-sized, protected probe fragment.

Two distinct advantages of the multi-probe RPA approach are its
sensitivity and its capacity to simultaneously quantify several mRNA
species, in a single sample of fotal RNA. This allows comparative
analysis of different mRNA species within samples and, by
incorporating probes for housekeeping gene transcripts, the levels of
individual mMRNA species can be compared between samples.




Advantages & disadvantages of RT-PCR

“+» RT-PCR is very sensitive because of the ability to
amplify product

Northern blot 5 ~ 10mg
RNasePA 100ng-1mg

RT-PCR < 1ng (even single cells)

<+ Able to look at multiple mRNA simultaneously by
using multiple primers

“» May be too sensitive?



Applications of RT-PCR

\/

<+ diagnosis of viruses
» expression of specific genes in specific tissues

* rRNA:rDNA ratio as an indicator of growth
universal activity

activity of specific organisms

< expression of specific mMRNA as indicator of activity
nifH gene

degradation of xenobiotic compounds

< RT /n situ PCR



Reverse transcription (RT)-PCR

Convert the RNA to cDNA using reverse transcriptase

: 5 3

Ollgo dT AAAAAAA

< TTTTTTT

: 5 3

Random primers (pdN) AAAAAAA
< INPNININININ————NINNINNN

e : 5' 3

Gene-specific primer AAAAAAA

< AGCGA




Reverse transcription (RT)-PCR

Reverse transcriptase - AMV or MMLV
Typical RT reaction

1 ug total RNA Tul
500ng primer (pdNg) 1ul
0.1mMDTT 1ul
ImM dNTPs 2ul
1U RNase inhibitor 1ul
Nuclease free H,O 13ul

19ul - heat 80°C 4', snap on ice
+ 1ul 200U MMLYV - superscript (Invitrogen)

25°C - 10’
42°C - 50
95°C - 2

1-20ul into 50 pl typical PCR




Reverse transcription (RT)-PCR
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Note - the RT and PCR can be done in the same
tube in a one-step reaction.




Reverse transcription (RT)-PCR

Semi-quantitative vs. quantitative
Quantitative Real-Time PCR e.g. TagMan
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Figure 4. Detection formats commonly used for real-time PCR. For explanations, see the
text; D, donor; A, acceptor; R, reporter; Q, quencher. a) SYBR Green I; b) hybridisation
probes; ¢j TagMan probes. The grey circle indicates the Taq polymerase hydrolysing the
TaqMan probe; d) molecular beacon; e) Sunrise primer; f) Scorpion primer.




3 . = Priklad: Kvatifikace
CYP1A1 mRNA v bunkach
ovlivnénych PCB

Induction of cytochrome p450 (CYP)
1A1 mRNA by PCBs in WB-F344
cells. (A) PCB 126 induced CYP1Al
MRNA expression in WB-F344 cells

I e in a dose-dependent manner. Cells
1 PCB105\\ were ’rreang with the indicated
3 DMSO concentrations of PCB 126 or DMSO

as a solvent control for 24 h. Total
RNA was isolated and quantitative
real-time RT-PCR was performed as
described in the Materials and
Methods. One representative
experiment is shown out of three
independent experiments. (B)
Induction of CYP1A1 mRNA
expression following the 24-h
treatment of WB-F344 cells with
PCBs (1 mM). (C) Expression of the
reference gene porphobilinogen
deaminase in samples analyzed in

5 10 15 20 25 30 35 40 par--rsAand B.
Cycle number
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o Protein
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S
DNA mRNA Protein-bound DNA or RNA
Sample labeling
Hybridization to
microarray of probe | Transcribed and/or untranscribed DNA RNA DNA or RNA
sets for
Readeut DNA copy number at thousands of Detﬁ_}‘gf:a?]gg g;‘;’;}ﬂfgﬂn of Binding sites for DNA binding
sites across the genome Y proteins or protein bound RNA
generated transcripts
* Aneuploidy + Spatial gene expression patterns ChIP
+ Gene amplification * Temporal gene expression patterns | . Trapscriptional network construction
Interpretations * Replication dynamics « Transcriptional network construction | . Binding sites for proteins involved in
+ Polymorphism detection genome maintenance and replication
* Recombination break point map RNA binding protein immunoprecipitation
* RNA binding protein targets

TRENDS in Cell Biology

Current applications for DNA microarrays. Classical microarray experiments use isolated genomic DNA or mRNA
from a whole organism or tissue. The DNA or mRNA is transformed and amplified into fluorescently labeled cDNA or
cRNA, respectively, which is then hybridized to microarrays. These types of experiment have been used to identify
changes in DNA copy number and mRNA expression patterns. Recent innovations in microarray approaches have used
an additional purification step by protein immunoprecipitation to identify DNA (chromatin immunoprecipitation or ChiP) or
MRNA-binding proteins. Protein bound to DNA or mRNA is first crosslinked and then immunoprecipitated by an antibody
to a specific protein of interest. Crosslinks are then reversed, which releases the co-purified DNA or mRNA for
amplification, labeling and hybridization to microarrays. These procedures have been successful in determining the
targets of transcription factors, as well as genomic DNA-binding and mRNA-binding proteins.



P.A. Clarke et al. / Biochemical Pharmacology 62 (2001) 13111336

NYLON MEMBRANE ARRAYS GLASS SLIDE ARRAYS

Test RNA Reference RNA DNA clones Test RNA Reference RNA
(eg. cDNAs or

AL NI ASA A
ASA Y a v ESTs) —~ A A
PV e P AN P P o
a [**P] | Radiolabel by reverse > [Cy5] | Fluor-label by reverse | [Cy3]
dCTP transcription dUTP transcription dUTP
PCR amplification, l
purification and
% M,M robotic printing % ’J::,\“-\,\_,
SN SN r\/\f\/ ,M
l Hybridise to l < 3 \ / Mix and
array hybridise
{.(\ e s / \ {é(\ to array

Measure Cy3 and Cy5
fluorescence separately

i S
lDetect bound probe byl

phosphorimaging Cy3

Normalise and express
ratio of test reference —_—)

Normalise and express
ratio of Cy5:Cy3

Pseudocoloured @ ==000 reessaeeees
Reference Pseudocoloured

Test

Microarray experiment. Plasmid clones are propagated in bacteria, and the cloned inserts are amplified by PCR and then purified. The
purified PCR products are then robotically printed onto glass or nylon solid supports. Modifications of this approach include the use of
oligonucleotides instead of PCR products or the in situ synthesis of oligonucleotides directly onto the glass support using
photolithographic or other techniques. Separate nylon based arrays are hybridised with 33P-radiolabeled cDNA prepared from the test and
reference sample, whereas glass slide arrays are hybridised simultaneously with Cy5 and Cy3 fluorescently labeled test and reference
samples, respectively. Following stringency washes, hybridisation to nylon arrays is detected by phosphorimaging. Hybridisation to glass
slides is detected by excitation of the two fluors at the relevant wavelength and the fluorescent emission collected with a charge-coupled
device. The test and reference images are overlaid using specialist software and can be displayed in a number of ways, including as a
scatter plot of the ratio of test:reference gene expression.



.Disease-specific" exprese gend:

ALL

A

AML
A
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Normalized Expression
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high

Proteasome iota (X59417)

MB-1 (U05259)

Cyelin D3 (M92287)

Myosin light chain (M31211)
RbAp48 (X74262)

SNF2 (D26156)

HkrT-1 ($50223)

E2A (M31523)

Inducible protein (L47738)
Dynein light chain (U32944)
Topoisomerase 11 B (Z15115)
IRF2 (X15949)

TFITEB (X63469)
Acyl-Coenzyme A dehydrogenase (M91432)
SNF2 (U29175)

(Ca2+)-ATPase (Z69881)

SRP9 (U20998)

MCM3 (D38073)

Deoxyhypusine synthase (U26266)
Op 18 (M31303)

Rabaptin-5 (Y08612)
Heterochromatin protein p25 (U35451)
IL-7 receptor (M29696)
Adenosine deaminase (M13792)

Fumarylacetoacetate (M55150)
Zyxin (X95735)

L.TC4 synthase (US0136)
LYN (M16038)

HoxA9 (U82759)

D33 (M23197)

Adipsin (M34526)
Leptin receptor (Y12670)
Cystalin C (M27891)
Proteoglycan 1 (X17042)
IL-8 precursor (Y00787)
Azurocidin (M96326)
p62 (U46751)

CyP3 (M80254)

MCLI (L08246)

ATPase (M62762)

IL-8 (M28130)
Cathepsin D (M63138)
Lectin (M57710)
MAD-3 (M69043)
CD1l1¢ (M81695)

Ebp72 (X85116)
Lysozyme (M19045)
Properdin (M83652)
Catalase (X04085)

T.R. Golub et al.,
Molecular classification of
cancer: class

discovery and class
prediction by gene
expression monitoring,
Science 286 (1999) 531-
537.



Nova generace metod pro analyzu genové exprese:

) sequencing analysis of gene expression
‘ GE) measures global gene transcript levels
from only 1 to 2 ug total RNA by massively

lel sequencing of cDNA tags.

expression profiles obtained are highly
oducible, enabling sensitive detection of
m rences between experimental conditions as

yell as assessment of the relative transcript
dance of different genes.
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Convert to cDNA and
add sequencing adapters
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