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Originalni prace o Northern-blottingu :
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Method for detection of specific RNAs in agarose gels by transfer to
diazobenzyloxymethyl-paper and hybridization with DNA probes

{singlesstranded nueleic acids/ methyl merenric hydeoride-agarose gels Trascphila melonogaster KA hybrid plasmids)
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Depariment of |§im-|'u'mislr}-_ Stamfard University Sehool of Medicine, Stanford, California 605

Cammnmicaied by Dyaveidd 5 Hogness, September 12, 1977

ABSTRACT We describe a technique for transferring
electrophoretically separated bands of RNA from an agarose

el to paper strips. The BNA is coupled covalently to diazo-

snzyloxymethyl groups on the paper, After transfer and ap-
propriate treatment of the paper o destroy remaining diazo
groups, s]pccific RNA bands can be detected by hybridization
with “P-labeled DNA probes followed by autoradiography. This
procedure allows detection of specific BNA bands with high
sensitivity and low background.

was allowed to erystallize. Tt was collected on a sintered glass
filter, washed with pyri{line‘ then washed thnrmlgh]}' with
petrolenm ether and dried under reduced pressure. The NBPC
(267 gl was stored at —20° in a desiceator,

Preparation of Aminobenzyloxymethyl-Paper. The method
for making aminobenzylosymethy] {ABM)-paper and its sub-
sequent conversion Lo the  diazobenzyloxymethy]l form
{DBM-paper) b}r dizzeization is outlined in Fig. 1. The




Background Information - Northern Blot Technigque

Morthern analysis despite its age in the high tech warld of Real Time PCR, nuclease protection assays (RPAs) and microarrays, is still the

gold-standard for the detection and quantitation of mREMA levels. This is because northern blot analysis allows a direct comparison of the messenger RMA
abundance between samples an a single membrane.

In northern blot the main difference between the other blotting technigues is that BMNA is the factor being detected. Also, due to the fact that RMNA s

usually single-stranded, it creates camplex secondary structures which affect its migration and hence denaturing conditions are used to run the gels
(unlike Southern).

RMA is separated out by RNA gel electrophoresis (usually agarose gel electrophoresis), subsequent transfer to membrane, hybridization with probe,
and finally detection.

Similarly to Southern blotting, the hybridization probes may be DMA, or
A in narthern blotting.

Acvariant of the procedure known as the reverse northern blot was

RNA Separate RNA on an ccasionally (although, infrequently) used. In this procedure, the substrate
gpiersion et Transfer or BLOT RNA from ucleic acid (that is affixed to the membrane) is a collection of isolated DMA,
PROBE GEL to Nylon Membrane fragments, and the probe is RMA extracted from a tissue and radioactively
Membrane with Radiclabeled probe abelled.
RNAbands Incubated with Bound RNA Bands _ _ _ _
u transferred to it Nylon Membrane H are Exposed on Film The use of DMNA microarrays that have come into widespread use in the

ate 19890s and early 20005 is more akin to the reverse procedure, in that
hey invalve the use of isolated OMA fragments affixed to a substrate, and
- yhridization with a probe made from cellular RMA. Thus the reverse
rocedure, though originally uncormmon, enabled the one-at-a-time study of
ene expression using northern analysis to evolve into gene expression

rofiling, inwhich many (possibly all) of the genes in an organism may have
heir expression manitared

Applications of the Northern Blot

Marthern blats have been superceded in most areas by Real Time PCR and microarray approaches. It is not often used for clinical or diagnostic
puUrposes.

The northern blot protocol and its variations are used however in molecular biology research to:

B 35 gold-standard for the direct study of gene expression at the level of mRMNA (messenger RMNA transcripts).
® detection of mREMNA transcript size

m study RMNA degradation

m study RMA splicing - can detect alternatively spliced transcripts

m study RHMA half-life

® study IRES (internal ribosomal entry site) - to remove possibility of RMNA digestion vs 2nd cistron translation.
® often used to confirm and check transgenic / knockout mice (animals)



Real-time polymerase chain reaction

In molecular biclogy, realtime poelymerase chain reaction, also called quantitative real time polymerase chain reaction (gPCR) or kinetic polymerase chain reaction, is a laboratory technigue
based on the polymerase chain reaction, which is used to amplify and simultaneously guantify a targeted DMNA molecule. It enables both detection and guantification (as absolute number of copies or relative
amount when normalized to DNA input or additional normalizing genes) of a specific sequence in a DMA sample.

The procedure follows the general principle of polymerase chain reaction; its key feature is that the amplified DMA is quantified as it accumulates in the reaction in real time after each amplification cycle. Two
cammon methods of quantification are the use of fluorescent dyes that intercalate with double-stranded DNA, and modified DNA oligonucleatide probes that fluoresce when hybridized with & complementary
DA,

Frequently, real-time polymerase chain reaction is combined with reverse transcription polymerase chain reaction to gquantify low abundance messenger RNA (mRMA), enabling a researcher to guantify relative
gene expression at a particular time, or in & particular cell ar tissue type.

Although realtime quantitative polyrmerase chain reaction is often marketed as RT-PCR, it should not be confused with reverse transcription polymerase chain reaction, also known as RT-PCR.

Contents [hide]
1 Background
2 Realtime PCR using douhle-stranded DRA dyes
3 Fluorescent reparter probe method
4 Quantitation
4 Applications of real-time polymerase chain reaction
§ References
7 Further reading
8 External links

Background [edit]

Cells in all organisms regulate their cellular activities by activating or deactivating the expression of their genes. Gene expression is usually directly
proportional to the number of copies of messenger RMA (mRMA) of & particular gene in a cell or tissue.

Traditionally, the expression level of a gene has been estimated by visualizing the abundance of its mRMNA transcript in a sample with a technigue called
northern blatting. In this method, purified RNA is separated by agarose gel electrophoresis, transferred to a solid matrix (such as a nylon membraneg),
and probed with a specific DMA probe that is complementary to the gene of interest. Although this technigue is still used to assess gene expression, it
reguires relatively large amounts of RMNA and provides only qualitative or semiquantitative information of mRMNA, levels.

Inorder to robustly detect and quantify gene expression from small amounts of RNA, amplification of the gene transcript is necessary. The polymerase
chain reaction is a common method for amplifying DRA, for mRMA-based PCR the RMA sample is first reverse transcribed to cDMNA with reverse
transcriptase.

Development of PCR technalogies based on reverse transcription and fluorophores permits measurement of DNA amplification during PCR in real time,
i.e., the amplified product is measured at each PCR cycle. The data thus generated can be analysed by computer software to calculate relative gene
expression in several samples, or mRNA copy number. Realtime PCR can also be applied to the detection and guantification of DMA, in samples to
determine the presence and abundance of a particular DMNA sequence in these samples.

Real time guartitative PCR uses fluorophores in order to &
detect levels of gene expression.

Real-time PCR using double-stranded DNA dyes [edit]

A DMA-binding dye binds to all double-stranded (ds)DMA in a PCR reaction, causing fluorescence of the dye. An increase in DNA product during PCR therefore leads to an increase in fluorescence intensity
and iz measured at each cycle, thus allowing DMA concentrations to be quantified. However, dsDNA, dyes such as SYBER Green will bind to all dsDMA PCR products, including nonspecific PCR products (such
as "primer dimers"). This can potentially interfere with or prevent accurate quantification of the intended target sequence.

1. The reaction is prepared as usual, with the addition of fluorescent dsDMNA dye.

2. The reaction is run in a thermocycler, and after each cycle, the levels of fluorescence are measured with a detector; the dye only fluoresces when bound to the dsDMA (i.e., the PCR product). With
reference to a standard dilution, the dsDMNA concentration in the PCR can be determined.



In situ hybridization

[ iy HEONE, yLIUREONA

In situ hybridization (ISH) is a type of hybridization that uses a labeled complementary DA or RMA strand (e, probe) to localize a specific DMA or RMA sequence in a
portion or section of tissue (in situ), or, if the tissue is small enough {e.g. plant seeds, Drosophila embryos), in the entire tissue fwhole mount ISH). This is distinct from
irmmunchistochemistry, which localizes proteins in tissue sections. DMA ISH can be used to determine the structure of chromosomes. Fluorescent DMA ISH (FISH) can, for
example, be used in medical diagnostics to assess chromosomal integrity. RNA 1SH thybridization histochemistry) is used to measure and localize mRMAs and other
transcripts within tissue sections or whole mounts.

Process [adit] - -

nn e

For hybridization histochemistry, sample cells and tissues are usually treated to fix the target transcripts in place and to increase access of the probe. As noted above, the In situ-Hybridization of wild type &
probe is either a labeled complementary DMA, or, now maost commaonly, a complementary RMA (riboprobe). The probe hybridizes to the target sequence at elevated Drozophila embryos st different
temperature, and then the excess probe is washed away (after prior hydralysis using RMase in the case of unhybridized, excess RMNA probe). Solution parameters such as developmental stages for the RhA

. . . . . . ; . . from & gene called hunchisack.
temperature, salt and/or detergent concentration can be manipulated to remove any non-identical interactions (i.e. only exact seguence matches will remain bound). Then, the
probe that was labeled with either radio-| fluorescent- or antigen-labeled bases (e.g., digoxigenin) is localized and guantitated in the tissue using either autoradiography,
flunrescence microscopy or immunohistochermistry, respectively. |SH can also use two or mare probes, labeled with radioactivity or the other non-radioactive labels, to simultaneously detect two or more
transcripts.

References [edit]

1. Jin L, Lloyd RY. In situ hybridization: methods and applications. J Clin Lab Anal. 11(13:2-9, 1997, PMID 2021515 &
2. Comprehensive and annotated in situ hybridization histochemistry &
External links [edit]
= hleSH intSiutHybridization &
= Whale-Mount In Situ Hybridization of RMA Probes to Plant Tissues g

= Preparation of Complex DMA Probe Sets for 30 FISH with up to Six Different Fluorochromes 62
» Transcript In Situ Hybridization of Whale-Maount Embryos far Phenotype Analysis of RMNA-Treated Drosophila &



Duplikativni prenos MADS-boxového genu

Z autozomu na chromozom Y
Detekce exprese (MRNA) genu na histologickém preparatu
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Immunohistochemical Staining Methods
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A4.6  Appendix 4: Enzymes Used in Molecular Cloning

TABLE A4-1 Isoschizomer Pairs That Differ in Their Sensitivity to
Sequence-specific Methylation

ISOSCHIZOMER PAIRS?

METHYLATED SEQUENCEP Cur BY Not Cur BY
T"CCGGA Acclll BspMII
TC™CGGA Acclll BspMII
GGWC™C Afll Avall (Eco471)
TCCGG™A BspMII Acclll
CMCWGG BstNI (Mval) EcoRII
GGTAC™C Kpnl Asp718l
C™CGG Mspl Hpall (Hapll) |
GG Mspl Hpall
GM™PATC Sau3Al (FnuEl) Mbol (Ndell)
TCGCG™A Sbo131 Nrul
RG™ATCY Xholl Ml
CC™CGGG Xmal (Cfrol) Smal

In each row, the first column lists a methylated sequence, the second column lists an isoschizomer
that cuts this sequence, and the third column lists an isoschizomer that does not cut this sequence.
For references, please see McClelland and Nelson (1988). (Reprinted, with permission, from
McClelland and Nelson 1988.) _

“An enzyme is classified as insensitive to methylation if it cuts the methylated sequence at a rate
that is at least one tenth the rate at which it cuts the unmethylated sequence. An enzyme is classified
as sensitive to methylation if it is inhibited at least 20-fold by methylation relative to the unmethy-
lated sequence.

bSequences are in 53" order. R = Gor A; Y = C or T; W = A or T; ™C = 4-methylcytosine,
m5C = 5-methylcytosine, and ™®A = 6-methyladenine.



Mspl ﬂ E]

|
Catalog # Lize Concentration Price Oty
RO10GL 25,000 units 20,000 unitz/mil $224,00 |1
RO10&M 25,000 units 100,000 units/ml $224,00 |1
RO10GS 5,000 units 20,000 units/ml $56.00 |1
RO10ET 5,000 units 100,000 unitsfml $5&,00 |1

Prices are in US Jdollars and valid orly for US ordars.

Download: MSDS PDF

Recognition Site:

5...CCGG...3 h
3...GGCC...5

izaschizarers | compatible ends | single letter code

Source:
A E. celi strain that carries the Mspl gene fram Moraxells species (ATCC 49670).

Reagents Supplied:
MEBUffar 2

Activity in NEBuffers:
MEBuUffer 1: 75%
MEBuffer 2:100%
MERBuUffar 3: S0%
MEBuUffar 4: S0%

Wwhen uzing a buffer ather than the aptirnal (supplied) NERBuffer, it Fnay be neo
rmorte enzyrie to achieve complete digestion.

Methylation Sensitivity: ~Fr
Fam rethylation: Mot sensitive Stl pe
dem rethylation: Mot sensitive

Cpa rmethylation: Mot sensitive h C/m CGG

Heat Inactwvation:
&5°C for 20 minutes

Hpall SThi]o!

I

Catalog # LSize Concentration Price Dty
RO171L 10,000 units 10,000 units/mil $224,00 |1
RO171M 10,000 units 50,000 units/ml $224,00 I'I
RO1715 2,000 units 10,000 units/rml $56.00 |1

FPricas are in US dollars and valid only for US ordars.

Download: MSDS PDF

Recognition Site:

5...CCGG...3 h
¥ ..GGC‘LC. .5
izoschizormers | compatible ends | single letter code

Source:
A E. celi strain that carries the Hpall gene from Haemophilus parainfloenzas (ATC

Reagents Supplied:
MEBuffer 1

Activity in NEBuffers:
MEBuffer 1: 100%
MEBuUffer 2: S0%
MEBuffer Z: 10%
MEBuUffer 4: 100%

When using a buffer other than the optimal (supplied) NEBuUffer, it may be nec
rmore enzyme to achieve complete digestion.

Methylation Sensitivity:

dam rmethylation: Mot sensitive neétipe '

dem methylation: Mot sensitive

CpaE methylation: Blocked h CmCGG

Heat Inactivation:
&5°C for 20 minutes



DNA izolovana z hypometylované rostliny Stépena enzymem Hpall
citlivym na CmCGG metylaci (Southern blot)

kontrola
3 ‘;‘ I <
Restriktaza Hpall Tz xrzzexx RestrikiazaMspl
je metylaci cytozinu ' “ W W Stepijadernou DNA
blokovana bez ohledu na metylaci

cytozinu na mensi

ssledk 2 2
vysieakem jSou jen fragmenty

velké fragmenty DNA




CG mCG

; *
e »
Treatmeant with
methy l-sansitve
restriction enzynmsa
* . (e.g., Hpall) »-
: - » -
PCR am plification
claavage Mo Cleavagsa
no PCR product PLR product

i -




(a) PCR-MEDIATED MEASUREMENT OF C-METHYLATION (b) [

R_|
«ces (CCGG or CMCGG) i3
CRTARGE
—— | -e—
primer A primer B
414bp
313bp
| [w ]
PCRREFERENCE (N0 CCGG) 2 -
primer A primer B ?; .‘E %
< G -

NO CLEAVAGE oF ccaGsiTe (Hpall) cLeavace oF ccesITE

CCGG C CGG i
I 4@ I I e
orrm—

i

Y reference
(control)



Journal of Molecular Biology
Yolume 98, Issue 3, 5 Movermber 189745, Pages 503-517

References

v Abstract =% PODF (2669 K}

doi10.1016/30022-2836(75380083-0 (3 Cite or Link Using DO

Copyright @ 1974 Puhblished by Elsevier Lid.

Podle WoS prace citovana 31.304-krat !

Detection of specific sequences among DNA fragments separated by gel electrophoresis

E.M. Southern

Medical Research Council Mammalian Genome Linit Department of Zoology Uiniversity of Edinburgh West Mains Road, Edinburgh, Scotland

Received 3 March 1975, revised 26 June 1874, Available online 1 August 2006,

Thiz paper describes a method oftransferring fragments of DMA from agarose gels to cellulose nitrate filters. The fragments can then he hybridized to radioactive RRHA and hyhrids
detected by radioautography ar fluoragraphy. The method is illustrated by anaklvses of restriction fragments complementary to ribosomal RMAS from Escherichia coll and Xenopus

faewvis, and from several mammals.

Prof. Sir Edwin M. Southern. FRS

(Emeritus Professor, formerly Whitley Professor of Biochemistry, Department of Biochemistry, Oxtord)

EMS joined Peter Walker in the MRC Mammalian Genome Unit, Edinb
{2,3). These studies led to thearies, still accepted, of the structure and e
sequences inthe genomes of the higher eukanyotes (1). The studies of

endonucleases to study the structure of sequences from eukaryotic DNA §

With Peter Ford, EMS showed that the 55 RMNAS of ovaries and somatid
polymerase lll. An attempt to isolate the genes coding for the two types

subsequently became known as the "Southern blot" and found marny ap
Adrian Bird, he developed a method to characterize methylation pattern
basis of Jeffrey's DMNA fingerprinting technigue and was used to isclate

EMS set up the first project to map the human genome using malecular
need to analyse sequences on the large scale required by such projects
sequences from seqguencing gels (10); a news method for the separation
the influence of an electric field (11). In 1985, he moved to Ouxford to taky
chips", which are used to analyse DMNA sequences by molecular hybridi

steps by efficient combinatorial methods (12,13). The array method has

\‘ 12rn

DMA sequencing with an analysis of satellite DNAS from guinea pig (1) and mouse
bquences and set the scene for the debate on the existence of non-coding
ethods of analysis. EMS was the first to introduce the use of type |l restriction

5], an observation which led to the discovery of the internal promaoters of RNA

&8 rific sequences amondg restriction fragments by molecular hybridization (8, which

b EMS used it in studies of the structure of ribosomal (7,8) and histone genes. YWith
showy, are important for gene regulation in vertebrates. The method formed the
and to create the first genetic maps of the human genome.

ytogenetics Unitin 1979 (7). Technical innovations he developed in response to the
tion fragments by gel electrophoresis (8}, automated methads for reading DMNA
lectrophoresis, based on a theory of how DMNA fragments move through gels under
In 1988, he introduced methods of analysis using oligonuclectide arrays ar "DNA
Eets of oligonuclectides could be made on a glass surface by in situ synthesis in few

ping, resequencing and expression analysis. In addition to his genome studies his

current interests include basic studies of hybridization behaviour of nucleic amds pamcularly how the duplex formation is influenced by structure in the single strands (14-16). His group are also involved
in the dewvelopment of more effective antisense reagents for therapeutic apphcanons and for use as knockdown reagents in the study of uncharacterized gene sequences (17 ,18).

Other research on methods for high throughput analysis of nucleic acids is carried out in Oxford Gene Technology, a company founded by EMS in 1996, EMS is the Chief Scientific Officer of OGT. EMS
founded a research charity, Kirkhouse Trust, and an educational charity, formerly the EM Southern Trust, now the Edina Trust, using royalty income from licensing the microarray technology. The
Kirkhouse Trust supports research and training on crop improvement in semi-arid regions of the developing world. EMS is chairman and a trustee. The Edina Trust supports educational projects which

promote an interest in science in primary schools.



Southern blot

A Southern blot is a method routinely used in molecular biology to check for the presence of a DNA sequence in a DMA sample. Southern blotting combines agarose gel electrophoresis for size separation of
DMA with methaods to transfer the size-separated DNA to a filter mermbrane for probe hybridization. The method is named after its invertor, the British hiologist Edwin Soothern ! Other blotting methods (e,
western blot, northern blot, southwestern blot) that employ similar principles, but using RMA or protein, have later been named in reference to Southern's name. As the technigue was eponymously named,
Saouthern blat should be capitalized, whereas northern and western blats should nat.

References

1. & Southern, E.M. (1975): "Detection of specific sequences among DNA fragments separated by gel electrophoresis”, J WMol Biof | 98:603-517.

Method

1. Restriction endonucleases are used to cut high-molecular-weight DMA strands into smaller fragments.

2. The DNA fragments are then electrophoresed on an agarose gel to separate them by size.

3. If some of the DNA fragments are larger than 15 kb, then prior to blotting, the gel may be treated with an acid, such as dilute HCI, which depurinates the DNA fragments, breaking the DA into smaller
pieces, thus allowing maore efficient transfer from the gel to membrane.

4. If alkaline transfer methods are used, the DMNA gel is placed into an alkaline solution (typically containing sodium hydroxide) to denature the double-stranded DNA. The denaturation in an alkaline
emvironment provides for improved binding of the negatively charged DMA to a positively charged membrane, separates it into single DMA strands for [ater hybridization to the probe (see below), and
destroys any residual RNA that may still be present in the DNA,

5. A sheet of nitrocellulose (or, altermatively, nylon) membrane is placed on top of (or below, depending on the direction of the transfer) the gel. Pressure is applied evenly ta the gel (either using suction, or
by placing a stack of paper towels and a weight on top of the membrane and gel), to ensure good and even contact between gel and membrane. Buffer transfer by capillary action from a region of high
water potential to a region of low water potential (usually filter paper and paper tissues) is then used to move the DMA from the gel an to the membrane; ion exchange interactions bind the DNA ta the
membrane due to the negative charge of the DMA and positive charge of the membrane.

B. The membrane is then baked, i.e., exposed to high temperature (B0 to 100 °C) {in the case of nitrocellulose) or exposed to ultraviolet radiation (nylon) to permanently and covalently crosslink the DMA to
the membrane.

7. The membrane is then exposed to a hybridization probe—a single DNA fragment with a specific sequence whose presence in the target DMNA is to be determined. The probe DNA is labelled so that it
can be detected, usually by incorparating radioactivity or tagging the molecule with a fluorescent or chromogenic dye. In some cases, the hybridization probe may be made from RMNA, rather than DMA,
Tao ensure the specificity of the binding of the probe to the sample DMA, mast common hybridization methods use salmon testes (sperm) DNA for blocking of the membrane surface and target DNA,
deionized formamide, and detergents such as SDS to reduce non-specific binding of the probe.

8. After hybridization, excess probe is washed from the membrane, and the pattern of hybridization is visualized on ¥-ray film by autoradiography in the case of a radioactive or fluorescent probe, or by
development of calor on the membrane if & chromogenic detection method is used.

Result

Hyhbridization of the probe to a specific DMNA fragment on the filter membrane indicates that this fragment contains DMA sequence that is complementary to the probe.

The transfer step of the OMA from the electraphoresis gel to a membrane permits easy binding of the labeled hybridization probe to the size-fractionated DNA. It also allows for the fixation of the target-prabe
hybrids, required for analysis by autoradiography or other detection methods.

Southern blots performed with restriction enzyme-digested genomic DNA may be used to determine the number of sequences (e.g., gene copies) in a genome. A probe that hybridizes only to a single DNA
segment that has not been cut by the restriction enzyme will produce a single band on a Southern blot, whereas multiple bands will likely be obsered when the probe hybridizes to several highly similar
sequences (e.g., those that may be the result of sequence duplication). Modification of the hybridization conditions (for example, increasing the hybridization temperature or decreasing salt concentration) may
be used to increase specificity and decrease hybridization of the probe to sequences that are less than 100% similar.



Southern Blotting: Gel Transfer
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Technika znaceni DNA sondy nick-translaci ...
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METYLACE DNA |Ize studovat
na zaklade :

(b) sifiCitanového pusobeni na DNA, které
deaminuje cytosin na uracill,
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Protocol

. Isolate genamic DA with the quality sufficient far restriction enzyme digestion.

Digest DMA (50 to 200 ng) with any enzyime which does not cut the region ofinterest, hut resulting in as shot fragments as possible
in smallest possible walume. Note: Ihereasing the amount of ONA will make denaturing hot efficient enough and therefore make
Blsuinhite reaction incompletar

Stop the reaction by boiling DRA for 5 min.

Add 100 Ma0H to 0.3 final concentration and denature DA 37° C for 15 min.

Prepare 4-5 eppendorf tubes with cold mineral oil.

Add Zxwvolume of 2% low melting agarose to the DRNA solution, mix by pipetting up and doswrn.

Faorm agarose beads by pipetting 10 pl aliguots of DRAfagarose mixture into cold mineral oil. NMobe: Dont pipelt the second aiiquot In
the tuhe where you alteady have ohe bead

Transfer beads in the tuhe containing 1 ml of modifying solution (5W sodium bisulﬁhite (2.8M sodium metahisulphite), 100mM
Hydroguinom.

. Incubate the tubes 4 b at 50° C in the dark.

. Wash the beads GTTTE I TRTRERE——— L 5.0,

. Complete the modification by incubating the beads 2 times for 18 min in 0.2 M MNaOH.
. Wash the beads 3 times for 15 min in double distilled HzO. I

. Lze one ul ofthe ohtained DA for PCR with selected primers.



Kontrolni vzorek DNA indikuje pozice nukleotidll — sekvence bez sifiitanového pusobeni

G C GT T 6 G OC¢C Q.. T8 & ST B ¢ RNE RN oo R« B R S

o
- it

Nezbytna kontrola tranzice vSech cytosintl po plisobeni siri¢itanu

Gl B NG & ORG SR R R -SSP w C F TP RN T WT TG TG
e Drme

e \

Stejna DNA po pusobeni sifiitanu ukazuje tranzice vSech cytosint v uracil (tymin)



Genomoveé sekvenovani (po aplikaci sifiCitanu) ukazuje tranzice
cytosinu v tymin, zatimco metylovany cytosin je rezi tni
a projevi se jako cytosin

PGCTTGCGCGCTCACT ... puvodni sekvence DNA

PCTTGCCGCGTTTATTGTT . pogenomovém sekvenovani




Methylation-Specific Oligonucleotide
Microarray (MSO)

A new high-throughput methylation analysis method ... vyuziva
techniky sifiCitanové konverze C-T v analyzovaném vzorku DNA a
jeho naslednou (chipovou) hybridizaci na komeréné pripravené
oligonukleotidy markerovych genovych sekvenci

Alexander Olek, EPIGENOMICS AG

C

T

mC ——C




Oligonucleotide-Based
Hybridization Microarray

Oligonucleotide microarray for detecting single nucleotide
polymorphisms and gene mutations

GATTCGGAATT GTACGGCGTTC

|

GATTCGGAATT GTACGGCGTTC




Methylation-Specific Oligonucleotide
Microarray (MSO)

Test DNA Reference DNA
— CG emCl e e CG e CG
Bisulfite treatment
and PCR \ (
G

CG AT
GC CG

3’ end-labeling with or Cy5 \
and co-hybridized on the chip c




METYLACE DNA |Ize studovat
na zaklade :

(c) chromatinoveé imunoprecipitace s vyuzitim
protilatky vuci metyl-cytosinu ... kvantifikace
metylace na DNA primo izolované z genomu .
MeDIP (methylated DNA |mmunopre0|pltat|on)
copuled with comparative genomic hybridization
(CGH) microarray



KOMPENZACE DAVKY GENU VAZANYCH NA
CHROMOZOM X U ROSTLIN ?

anti-5-mC late-BrdUrd

Silene latifolia female 2X 2A



DNA metylace
studovana pomoci
imunochemického
barveni '
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Metocy studia eolgeneticiycr j2vu

(P

- analyza genoveé exprese:
Northern, in situ hybridizace,
RT-PCR, microarrays
- analyza metylace DNA:
restrikCni enzymy, nukleazy, Southern,
genomove sekvenovani
- analyza modifikaci histonu:
Western, imunobarveni,
chromatinova imunoprecipitace
- aplikace inhibitoru modifikujicich enzymu




Chromatin
Immunoprecipitation

Chromatin immunoprecipitation, or ChIP, refers to a procedure used to determine
whether a given protein binds to or is localized to a specific DNA sequence in vivo.
The diagram below illustrates the basic steps of this procedure.

Mw DNA-binding proteins are crossiinked to DNA
with formaldehyde in vivo.

DNA purification and

amplification »QX Isolate the chromatin. Shear DNA along
WX with bound proteins into small fragments.
—- X WX
WX X
Hybridization to DNA
microarray

Bind antibodies specific to the DNA-binding
protein to isolate the complex by
precipitation. Reverse the cross-linking to
release the DNA and digest the proteins.

-

, Use PCR to amplify specific DNA sequences
i Mapping probes to genome MO Y to see if they were precipitated with the
WANR YO antibody.
=== YN Yoo

Genomic coordinates



HISTON H4 ACETYLACE CHROMOZOMU
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control + TSA
anti-H4Ac5



Heterochromatickée chromozomy Y Rumex acetosa

jsou H4 hypoacetylovaneé
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Western blot

The western blot (alternately, immunoblot) is a method of detecting specific proteins in a given sample of tissue homogenate or extract. It uses gel electropharesis to
separate native or denatured proteins by the length of the polypeptide (denaturing conditions) (Figure 1) or by the 3-D structure of the protein (native/ non-denaturing

conditions). The proteins are then transferred to a membrane (typically nitrocellulose or PYDF), where they are probed (detected) using antibodies specific to the target
protein. There are now many reagent companies that specialize in providing antibodies (both monoclonal and polyclanal antibodies) against many thousands of different
proteins. Commercial antibodies can be expensive, though the unbound antibody can be reused between experiments. This method is used in the fields of molecular = —_————
biology, biochemistry, immunogenetics and other molecular biology disciplines.

Other related technigues include using antibodies to detect proteins in tissues and cells by immunastaining and enzyme-linked imrmunosorbent assay (ELISA).

The method originated from the laboratory of George Stark at Stanford. The name western blot was given to the technigue by WW. Neal Burnettel'! and is a play on the

AWiestern biot,
narme Southern blot, a technique for DA detection developed earlier by Edwin Southern. Detection of RMA is termed northern blotting.

Transfer of proteins from gels to diazobenzyloxymethyl-paper and
detection with antisera: A method for studying antibody
specificity and antigen structure

{simian virus 40,'T antizens /vicion proteins/reversible gel crosslinks/ Staphyloeacens aureas protein A)

JAIME BENART®, JAKOB REISER, AND GEORGE R, STARK

y 4
Department of Biochemisary, Stanford University Sehool of Mediciee, Stanford, Californie B4305 P O d | e WO S p ra Ce
Communicated by Faul Berg, April 4, 1879 H 4 k z t
citovana 500-kra

ABSTRACT We describe a rapid and very sensitive method Proc. Natl, Aced. Sci, USA .
for delecting proteins as antigens after their separation in \'[“l- 7, ?‘D- T, pp. S116-3120, July 1979
polyacrylamide /agarose composite gels, with or without sodium Biochemistry

Analytical Biochemistry
Yolume 112, lssue 2, April 1981, Pages 195-203

» Abstract FReferences  5E PDF (1195 K)

doi 10101 6/0003-2697(21)330281-5 (3 Cite o Link Using DOl
Copyright @ 1981 Puhlished by Elsevier Inc.

“Western Blotting™: Electrophoretic transfer of proteins from sodium dodecyl sulfate-polyacrylamide gels to
unmodified nitrocellulose and radiographic detection with antibody and radiciodinated protein A

W. Neal Burnette

Fred Hutchinsan Cancer Research Center, 1124 Columbia Street, Seattle, Washington 95104, LISA POd |e VVOS préce
citovana 7.186-krat

Received 20 day 1330, Available anline OF Decermbear 2004,

Abstract

A simple and efficient procedure was employved far the electrapharetic transfer of proteins from sodiom dodecyl sulfate-palvacrlamide gels to sheets of pure, unmadified
nitrocellulose. Immobilized proteins could then be radiographically visualized i siu by reaction with specific antibody and the subseguent binding of radiniodinated Staphelococcus
protein Ato the immune camplexes. The detection of murine leukermia virus antigens in complex cellular lysates was used to demanstrate the efficacy of this technigue.



Dynamika H4 acetylace
v prubéhu kliceni semen S. |atifolia

Western-analyza na AUT gelu
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- analyza genoveé exprese:
Northern, in situ hybridizace,
RT-PCR, microarrays
- analyza metylace DNA:
restrikCni enzymy, nukleazy, Southern,
genomove sekvenovani
- analyza modifikaci histonu:
Western, imunobarveni,
chromatinova imunoprecipitace
- aplikace inhibitord modifikujicich enzymu
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cytidin 5-azacytidin
(inhibitor DNA metyltransferaz)



DNA-methylation inhibitors: nucleoside analogues
Structure

Inhibitor
5-Azacytidine

5-Aza-2'-deoxycytidine

5-Fluoro-2"-deoxycytidine

5,6-Dihydro-5-azacytidine

Zebularine

Dose range
1M

1M

KM

nM

HM-mM

Clinical trials

Phase, I, Ili:
haematological
malignancies

Phase |, II,111;
haematological
malignancies; cervical,
non-small-cell lung
cancer

Phasel

Phase |, lI: ovarian cancer
and lymphomas

Preclinical



Epigenetika 21. stoleti

EPTGENETLCKE IERAPIEN?

oviliviiovani exprese genit modulaci acetylace histonii

1ndukuya apoptotlckou smrt
nadorovych bun¢k, zastavuje
Huntingtonovu choreu u drosofily

Butyrat sodny (NaBT) — potencialni inhibitor
nadoroveého bujeni, léceni muskularni dystrofie
H,C - (CH,), - COONa

Tropoxin




Histone-deacetylase inhibitors: short-chain fatty acids and hydroxamic acids
Dose range  Clinical trials

Inhibitor Structure
Short-chain fatty acids
Butyrate o OH
T
Valproic acid -
Ao
L
o
Hydroxamic acids
m-Carboxy cinnamic J'l:ltl fL
acid bishydroxamic HO. § _ OH
acid (CBHA) + C#%f v
Oxamflatin o
ﬂm H
Lk
0”0
PDX 101 i
v A
e s _\_1-:.-"'5.&"'\-\. -
Sraane o
Pyroxamide 0

mM

i

Al

Phase |, Il
colorectal

Phase |: AML,
leukaemias

Preclinical

Preclinical

Phase |

Preclinical



