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Table 9.1 Summary of some commonly used tools for analyzing gene expression.

e

In vitro mutagenesis
Antisense oligonucleotides
Expression of antisense RNA
RNA interference (RNA1)

Transcription Northern blot

In situ hybnidization

R Nase protection assay (RPA)
Reverse transcriptase—PCR (RT-PCR)

Reporter gene enzyme activity

Western blot

In situ analysis

Enzyme-linked immunosorbent assay (ELISA)

DNA-protein Interactions Electrophoretic mobility shift assay (EMSA)
DNase [ footprinting
Chromatin immunoprecipitaton (ChIP) assay

Protein—protein interactions Pull-down assays

Yeast two-hybrid assay
Coimmunoprecipitation assay

Fluorescence resonance energy transter (FRET)

Protein structure X-ray crystallography

Nuclear magnetic resonance (NMR) spectroscopy
Cryoelectron microscopy

Atomic force microscopy (AFM)




Table 9.2 Various cell transfection methods.

omaa—— L comnene

Chemical transfection Many methods, e.g. calaum phosphate or DEAE-dextran transfection of animal cells.
DNA is internalized by endocytosis

Lipofection DNA complexed with cationic liposomes and taken up by endocytosis. Highly
efficient method for transfecting animal cells, yeast spheroplasts, and plant protoplasts*

Electroporation Naked DNA taken mto cells through transient pores created by bnef pulses of high
voltage. Very efficient method for the transfection of yeast, plant, and animal cells

Direct Injection Labor-intensive but 100% efficient. Routinely applied to animal oocytes, eggs. and
zygotes (see Fig. 15.2)

Microbaillistics (biolistics) The use of microprojectiles, tungsten, or gold particles coated with DNA, which are
fired into cells at high velocity using a gene gun. Gives efficient transfection of plant
cells without removing cells walls. Can also be used to transfect whole plant and
animal tissues (see Section 15.6 and Table 17.4)

* A spheroplast is a yeast cell from which the cell wall has been removed. A protoplast is a plant cell with the cell wall removed.



Clones in

VN Pa PCR amplification

DNA purification

e N
-

Poly-L-lysine
coated glass slide

Microarray
preparation

96-wel plates

JARL TGRS

DNA Microarray

Tumor Reference
mBNA mRNA

Revse
ranscopian

Lahelwith
fuor dyas

N
»

Green Red

Hybridize

UV-crosslink probe to

blocking
denature
>

microarray

Q Red probe
Q Green probe

cDNA probe
hybridization

Photomulspher tube

PMT

Had channel

== Barrier fillar
Dichroic |
|
w=|e= Pinhola
Bar | Excitation lasers
N e
: | anar '
_ Expression
Objective analysis
’ L)
_"@L{;’{"E&MW X-Y stage ‘
Array
database
Confocal Computer

microscope analysis



12.5
DNA Microarrays

Even though cells carry a large set of DNA sequences encoding proteins (exons)
not all proteins are generated in a cell simultaneously and to the same extent.
Up- and downregulation of this gene expression is one of the most important

mechanisms governing specifically the functioning of a cell. Often, it is impor-
tant to know how distinct compounds influence the regulation of gene expres-
sion. This helps, for example, in understanding how a certain biological
regulator or a potential drug candidate might affect the cell metabolism. But
how can the gene expression for a large number of proteins be monitored simul-
taneously in a reasonable time? For such and similar problems DNA microarrays
represent a very useful tool.

Figure 12.14 shows the principle of monitoring effects on the gene expres-
sion of cells using DNA microarrays. A DNA microarray is a small substrate
having a regular pattern of spots that carry immobilized sequences of DNA.
The DNA sequences at the different spots correspond to the sequence of
different messenger RNA (mRNA) encoding important cell proteins. To
monitor the regulation of gene expression by certain compounds, usually a
procedure similar to the one described here is applied. First, a cell population
is divided into two parts. One part is treated with the compound or any pro-
cedure for which the influence on the gene expression shall be found. The
other part is not treated. After a certain incubation time the mRNA of both
cell lines is isolated from their cell extracts. The amount of DNA transcribed



into mRNA is a very important parameter in regulation of gene expression.
The more mRNA that is transcribed the more of the corresponding protein
will be generated by translation in the cells ribosomes. In the case shown in
Figure 12.14, for example, the treated cells contained three times more
mRNA 2 but no mRNA 3. The treatment has upregulated the gene expres-
sion of mRNA 2 and completely downregulated mRNA 3. Only the gene
expression of mRNA 1 is unaffected. In a next step, complementary DNA
(cDNA) is generated from the isolated mRNA by the enzyme reverse tran-
scriptase. One reason amongst others for this intermediate step is that DNA
is far more stable than RNA. RNA is very quickly degraded by enzymes that
are quite abundant in natural environments. Then, the cDNA of both cell-
line parts is labelled with different fluorescence dyes (green and red in Figure
12.14). It is important that both cell populations are treated equally in order
to properly compare them later on. In the next step, the DNA microarray is
now exposed to both labelled cDNA preparations simultaneously. Finally, the
fluorescence from each spot on the DNA microarray is imaged in one shot.
From the fluorescence emission of individual spots it is immediately possible
to determine the gene expression in the treated and untreated cells as well as
the effect of treatment on the gene expression. The gene expression of
mRNA 1, for example, was unaffected by the treatment. As a result, the cor-
responding spot on the DNA microarray carries about equal amounts of red
and green fluorescence dye (spot 1 in the lower part of Figure 12.14). The
additive mixture of these colours appears as a yellow spot. A yellow fluores-
cence spot indicates no effect on the gene expression of this particular gene.



In contrast, gene 2 (mRNA 2) was upregulated by a factor of three in com-
parison to the untreated cells. As a consequence, the corresponding spot on
the DNA microarray shows an almost exclusively red fluorescence (spot 2 in

Figure 12.14). A red fluorescence spot indicates upregulated genes. Finally,
gene 3 was completely downregulated. Consequently, only green fluorescence
can be detected at the corresponding spot (spot 3 in Figure 12.14). The
detection using DNA microarrays provides further important information
about the gene expression. The absence of any fluorescence on spot 4 in Fig-
ure 12.14 indicates, for example, that the protein corresponding to this gene
is apparently never produced by the investigated cell line. The weaker yellow
fluorescence at spot 5 indicates weak gene expression that is apparently
unaffected by the treatment. The weak green fluorescence at spot 6 indicates
a weak gene expression in the untreated cells that is downregulated by the
treatment. Finally, the weak red fluorescence at spot 7 might indicate a gene
expression that is absent in the untreated cells but is slightly upregulated by
the treatment. Of course, it is also possible to measure the entire fluores-
cence spectrum of the spots to quantify the relative amounts of red and
green fluorescence more precisely.

Often, the large amount of information deduced from such an analysis is com-
pared with databases that contain typical regulation patterns. This helps to iden-
tify the functioning of certain genes, drug candidates or the toxicity of certain
compounds. Also, very valuable information on the metabolic pathways in cells
and the reasons for certain diseases can be identified using this information.
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Nuclear Run-on transcription
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Figure 528 Nuclear run-on transeription. (a) The run-on reaction. We start with cells that are in the process of transcribing the Y gene, but not
ux«zmmwmm)nmawm)amvm We isolate nuclei from these cells and incubate them
mmwmmm(m) We also include a labeled nucleotide in the run-on reaction so the transcripts will become
labeled (red). Finally, we exiract the labeled run-on transcripts. (b) Dot blot assay. We spot single-stranded DNA from genes X, Y, and.Z on
nitrocellulose, or another suitable medium, and hybridize the blot to the labeled run-on transcripts. Since gene Y was transcribed in the run-on

reaction, it will be labeled, and the gene Y spot will become labeled. On the other hand, since genes X and Z were not active, no labeled X and 2
transcripts were made, so the X and Z spots remain uniabeled.




Real-Time qRT-PCR

(Real-Time Quantitative Reverse Transcription PCR) is a major development of PCR
technology that enables reliable detection and measurement of products generated
during each cycle of PCR process. This technique became possible after introduction
of an oligonucleotide probe which was designed to hybridize within the target
sequence. Cleavage of the probe during PCR because of the 5' nuclease activity of Tag
polymerase can be used to detect amplification of the target-specific product.

Techniques to monitor degradation of the
probe

Intercalation of double-stranded DNA-binding
dyes

32p probe labeling

Labeling of the probe with fluorescent dyes

TagMan

assay (named afterTagDNA polymerase) was one of the earliest methods introduced for real
time PCR reaction monitoring and has been widely adopted for both the quantification of
MRNAs and for detecting variation. The method exploits the 5' endonuclease activity of TagDNA
polymerase to cleave an oligonucleotide probe during PCR, thereby generating a detectable
signal. The probes are fluorescently labeled at their 5' end and are non-extendable at their 3'
end by chemical modification. Specificity is conferred at three levels: via two PCR primers and
the probe.Applied Biosystemsprobes also include a minor groove binder for added specificity.



https://www.ncbi.nlm.nih.gov/probe/docs/techpcr
https://www.ncbi.nlm.nih.gov/probe/docs/glossary
https://www.ncbi.nlm.nih.gov/probe/docs/glossary
https://www.ncbi.nlm.nih.gov/probe/docs/distrapplbiosystems
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Nomenclature used in RT-qRT-PCR

Baseline

is defined as PCR cycles in which a reporter
fluorescent signal is accumulating but is
beneath the limits of detection of the
instrument.

ARNn

is an increment of fluorescent signal at each
time point. The ARn values are plotted versus
the cycle number.

Threshold

is an arbitrary level of fluorescence chosen on
the basis of the baseline variability. A signal
that is detected above the threshold is
considered a real signal that can be used to
define the threshold cycle (Ct) for a sample.
Threshold can be adjusted for each experiment
so that it is in the region of exponential
amplification across all plots.

Ct

is defined as the fractional PCR cycle number
at which the reporter fluorescence is greater
than the threshold. The Ct is a basic principle
of real time PCR and is an essential component
in producing accurate and reproducible data.
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(A) Northern blot
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Rate enhancers

Detergents and blocking agents

Dextran sulphate and other polymers act as volume excluders to increase both the rate and the
extent of hybridization

Dried milk, heparin and detergents such as sodium dodecy! sulphate (SDS) have been used
to depress non-specific binding of the probe to the membrane. Denhardt's solution
(Denhardt 1966) uses Ficoll, polyvinylpyrrolidone and bovine serum albumin

Denaturants Urea or formamide can be used to depress the melting temperature of the hybrid so that reduced
temperatures of hybridization can be used
Heterologous DNA This can reduce non-specific binding of probes to non-homologous DNA on the blot
S where M = ionic strength of buffer in moles/ litre.
T, is the temperature at which the probe and With long probes, the hybridization is usually carried
target are 50% dissociated. For probes longer than outat T, — 25°C. When the probe is used to
100 base pairs: detect partially matched sequences, the
i hybridization temperature is reduced by 1°C
T.=815°C+16.6logM+041 (% G+C) for every 1% sequence divergence between

T.=4 x (number of GC base pairs) + 2 x (number

of AT base pairs)

probe and target.

« probe length — the longer the oligonucleotide, the
less chance there is of it binding to sequences other
than the desired target sequence under conditions
of high stringency;

» oligonucleotide composition — the GC content
will influence the stability of the resultant hybrid

and hence the determination of the appropriate
stringency washing conditions. Also the presence

of any non-complementary bases will have an effect
on the hybridization conditions.
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Figure 5.16 A Northern bilot. Poly(A)" RNA was isolated from the rat
tissues indicated at the top, then equal amounts of RNA from each
tissue were electrophoresed and Northem blotted. The RNAs on the
blot weare hybridized to a labeled probe for the rat glyceraldehyde-3-

phosphate dehydrogenase (G3PDH) gene, and the blot was then
exposed to x-ray film. The bands represent the G3PDH mRNA, and

their intensities are indicative of the amounts of this mRNA in each
tissue. {Source: Courtesy Clontech.)



(R) TRANSIENT TRANSFECTION ASSAY

Regulatory Structural
region region

~ 2B Gene of interest

Clone regulatory region

into reporter plasmid
Regulatory e ., Reporter gene
region of 4 -

interest Plasmid

Transfect cultured
% cells with reporter
plasmid
vA N TRy

-
AT N L

M ')-7‘..’ ,‘ N :y

Incubate for 24-72 hours
Transcription from
episomal plasmid and
translation of reporter
proteins

Cell chromosomes

Reporter plasmid
Reporter mRNA

Reporter protein

View cells by Harvest cells
microscopy Prepare mRNA or protein extract

Thi— f\!—-ﬁ.
* g

¥ %l

\

Measure reporter
mRNA levels

o2

Measure protein levels
or enzymatic activity
of reporter gene product

(B) STABLE TRANSFECTION ASSAY

Regulatory  Structural
region region
| 2 Gene of interest
Clone regulatory region
into reporter plasmid
Regulatory s orter gene
regionof 4 \\Rep .
interest ! Plasmid
_ 4" Constitutive promoter
Drug resistance
gene Transfect cultured
cells
LA Taa,.
¢ ks . \ ""Z
Drug selection for 1-4 weeks
Survival of cells in
which the plasmid has
integrated into 2
chromosome, usually in
tandem coples
Ghor g
Expand several cell clones
@ or pools of drug-resistant
cells
Gy CETNy GEERy
Reporter plasmid ;
Cell chromosomes y Reporter mRNA
Drug resistance
protein

Reporter protein

Drug resistance
mRNA

a

View cellsby  Harvest cells

microscopy Prepare mRNA or protein extract
IMc:ssure protein . Thi—ah
evels or enzymatic = 53
activity of reporter $ e [ Measure
gene product ( PPN
mRNA levels

Transient and
stable transfection assays



Diacetylated A A

. -
['4C] chioramphenicol —> Migration Migration

Acetylated —_
['4C] chioramphenicol —»

['4C] chloramphenicol —3» .

Origin —» .

CAT reporter gene assay

Commonly used reporter genes

Lacz
Gus
gfp
cat
luc




Transcription

Constitutive gy, factor cONA Regulatory s SpoRErgne
promoter N region of \\_
interest |
Expression plasmid (EP) Reporter plasmid (RP)
Cotransfect cultured cells with expression
plasmid and reporter plasmid

‘.';,’; gl ol -

e ,

A . et i by

k e TN Ay

> ) ‘-'2
\'J..‘O.:‘: N

Incubate for 24-72 hours
« Transcription from expression plasmid

d lation of iption f . .
« Transaption Tont spererphied ad Cotransfection assay: Analysis

translation of tein 7 i
nslation of reporter protein Of gene regulatlon

Transcaption factor

mRNA - - Reporter gene mRNA

Reporter protein

Measure reporter mRNA or protein levels, or
enzymatic activity of reporter gene product



Commonly used purification and detection tags
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Properties of green fluorescent protein (GFP)
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Use of Green fluorescent protein (GFP) fusion proteins
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Transcription and translation
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(A) Deletion Mutagenesis
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(B) Linker scanning Mutagenesis
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(C) Site-Directed Mutagenesis by PCR
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Analysis at the level of gene transcription: RNA expression and localization

(A) Northemn blot (B) In situ hybridization
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Analysis at the level of translation: protein expression and localization

(A) One-dimensional SDS-PAGE
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(C) Two-dimensional PAGE
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(A) Western Blot (B) In Situ Analysis: Immunofluorescence Assay (C) ELISA: Example of CAT
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Analysis of DNA—protein interactions
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(E) ChiIP Assay
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Analysis of protein—protein interactions
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(C) Coimmunoprecipitation Assay
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Antisense technology
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Mechanism of RNA interference

The diagram depicts the RNAI pathway triggered by the introduction into
cells of either viral doublestranded RNA (dsRNA) or scientist-supplied
dsRNA.

(1) The ribonuclease Dicer processes long dsRNA into double-stranded
small interfering RNAs (siRNAs), with two-nucleotide 3" overhangs.

(2) The siRNAs trigger the formation of an RNA-induced silencing
complex (RISC).

(3) The ATP-dependent unwinding of the siRNA duplex by helicase
activity in the RISC loading complex (blue) leads to activated RISC
(green).

(4) The single-stranded siRNA is used as a guide for target RNA (viral
RNA or cellular mRNA) recognition. The complex targets RNAs of
complementary sequence for cleavage by “Slicer” activity at the
sitewhere the antisense siRNA strand is bound.

(5 In worms, flies, plants, and fungi, RNA-directed RNA polymerase
(RARP) uses the siRNA antisense strands as primers and targets RNA as
a template to make new dsRNA. Dicer can then process the dsRNA to
make more SiRNA. This starts a new round of priming and siRNA
amplification, and mRNA or viral RNA cleavage



siRNA-guided mRNA cleavage by Argonaute
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