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Introduction and Aims
Polymerase  Chain  Reaction  (PCR)  is  a  cyclic,  in  vitro, enzyme  catalysed  DNA 

synthesising method, which is capable to increase the amount of a certain DNA fragment 

up to the level of detection (Saiki et al., 1985). Higuchi et al. pioneered the analysis of PCR 

kinetics by constructing a system that detects PCR products as they accumulate (Higuchi 

et al.,  1992).  This “real-time” system includes fluorogenic dye (e.g.  SYBR Green  I)  or 

sequence specific fluorogenic probes (hybridisation probes, e.g. TaqMan probes) in each 

amplification reaction, an adapted thermal cycler to irradiate the samples with laser or LED 

and detection of the resulting fluorescence in each cycle with a computer-controlled cooled 

CCD  camera  or  PMT-detector.  Amplification  produces  increasing  amounts  of  double-

stranded  DNA,  resulting  in  an  increase  in  fluorescence.  By  plotting  the  increase  in 

fluorescence versus cycle number, the system produces amplification plots (PCR kinetic 

curve) that provide a more complete picture of the PCR process than assaying product 

accumulation after a fixed number of cycles. The ability to monitor the real-time progress 

of the PCR completely revolutionized the way one approaches PCR-based quantitation of 

DNA and RNA (qPCR: quantitative PCR; qRT-PCR: quantitative Reverse Transcription - 

PCR). Calculation of crossing point (Cp) or threshold cycle (Ct) values can provide correct 

information about the initial amount of a particular target sequence (Higuchi et al., 1993).

The application of this quantitative PCR technique is widespread in drug discovery 

research.  Besides  other  basic  methods  of  molecular  biology  (cDNA cloning,  in  situ 

hybridisation) (Carroll et al.,  2003) this technique is useful  for  measuring alterations of 

gene expression  caused by  drugs or  other  chemical  agents (Nellemann  et  al.,  2001). 

Messenger  RNA inhibition  by  RNA interference  can  also  be  controlled  by  qRT-PCR 

(Dorsett  and  Tuschl,  2004).  qPCR  is  appropriate  for  validation  of  transgenic  animal 

models, where important to control the presence and expression of the introduced gene 

(Pesquero et al., 2000). Quantitative real-time PCR is also useful for validation of hits from 

microarray  (DNA-chip)  experiments  performed  e.g.  in  target  discovery  or  toxicology 

research (Rihn et al., 2000). In addition, identification of drugable relevant gene mutations 

or SNPs (Single Nucleotide Polymorphisms) can be carried out by the help of this method 

(Twyman and Primrose, 2003).

To find new drugs acting on a defined molecular target, generation of stable cell lines 

expressing the target  protein is  essential.  These cell  lines or the isolated and purified 

target proteins produced by them can be used for screening chemicals and to guarantee 

subtype selective action of the compounds. To select cell lines expressing recombinant 
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drug target proteins stably and in appropriate amount qRT-PCR is widely used method 

(Nagy et al., 2003; Kurkó et al., 2005; Kurkó et al., 2006).

Here I show some application of the qRT-PCR method in drug discovery research 

for the following target proteins:

• NMDA receptors (NRs) are ligand-gated ion channels that constitute a distinct class 

within  the  family  of  ionotropic  glutamate  receptors.  They  are  considered to  play  a 

central  role  in  the  formation  of  neural  networks  during  development  as  well  as  in 

neuronal plasticity underlying memory and learning (Tang et al., 1999; Reed and Zukin, 

2002). Besides these physiological roles of NRs, they are also implicated in a variety of 

neuropathological processes (Ozawa  et al., 1998), therefore, NRs are considered as 

relevant molecular targets for therapeutic agents in the treatment of stroke, epilepsy, 

head trauma and pain (Cull-Candy et al., 2001). NMDA antagonists can be useful in the 

therapy of damages of the central nervous system and neurodegenerative diseases, 

therefore important to know the structure, the function and pharmacological feature of 

these receptors.

• Tau  is  a  multifunctional  microtubule-associated  protein,  which  plays  a  role  in  the 

maintenance of cytoskeletal structure and dynamics (Goedert and Jakes, 1990), as 

well as neuronal polarity (Jiang et al., 2005). Under normal conditions Tau co-localizes 

with  microtubules  and  modulates  microtubule  assembly.  In  pathological  conditions 

associated  with  neurofibrillary  tangles,  Tau  protein  becomes  hyperphosphorylated, 

reducing its affinity for microtubules and possibly leading to its aggregation causing 

neurodegenerative diseases called Tauopathies, e.g.  Alzheimer’s disease (Grundke-

Iqbal et al., 1986; Iqbal, 2005).

• Several  kinases  are  potentially  capable  of  abnormally  hyperphosphorylating  Tau. 

Glycogen  synthase  kinase  3β  (GSK-3β)  is  a  multifunctional  proline  directed 

serine/threonine protein kinase (Doble and Woodget, 2003) which both in vivo and in 

vitro phosphorylates Tau at many sites suggesting a direct link between GSK-3β and 

hyperphosphorylated  Tau.  Prevention  of  tangle  formation  could  be  achieved  by 

inhibiting GSK-3β activity, since the enzyme is the preferred candidate playing role in 

pathological phosphorylation of Tau (Ishiguro, 1992).
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I  took part in generation and characterization of three modified HEK-293 (Human 

Embryonic Kidney cells) cell lines expressing two different recombinant proteins.stably and 

inducibly. The expressed recombinant proteins were as follows: 

- rat NR1a and NR2A NMDA receptor subunits

- rat NR1a and NR2B NMDA receptor subunits

- human GSK-3β and Tau proteins.

My assays are focused on as follows:

-  developing  rapid,  reliable,  qualitative  and  quantitative  real-time  PCR-based  analysis 

systems to measure mRNAs of recombinant proteins,

- choosing cell lines expressing the highest level of mRNAs of recombinant proteins,

- analyzing the effect of the inducing agent on the gene expression.

Materials and Methods
cDNAs of the target proteins were subcloned into an ecdysone-inducible eukaryotic 

expression vector, pIND(SP1). The resulting constructs were introduced into EcR 293 cells 

(HEK-293 cells stably expressing the ecdysone and the retinoid X receptors) using lipid 

mediated transfection (Pfx-7 PerFect Lipid, Invitrogen). Studies were performed 48–72 h 

after addition of the inducing agent muristeroneA (1 µM MuA).

Total RNA from HEK 293 cells was extracted using the High Pure RNA Isolation Kit 

(Roche Diagnostics, Basel, Switzerland) according to the manufacturer’s instructions.

Relative mRNA levels of the NR2A subunit were determined by a one-tube (in glass 

capillary) qRT-PCR analysis by means of measuring SYBR Green  I-based fluorescence 

and  applying  calibration  curves.  Absolute  mRNA  levels  of  the  NR2B  subunit  were 

determined by a one-tube qRT-PCR analysis using hybridization probes and calibration 

curves. Relative mRNA levels of the human GSK-3β and Tau proteins were determined by 

a two-step qRT-PCR analysis using Fast Start Taq DNA polymerase and measuring SYBR 

Green I-based fluorescence. Calculations were performed according to the comparative Ct 

method.

Expression of rat NR2A and NR2B genes were compared to the steady expression of 

the human porphobilinogen deaminase (h-PBGD) housekeeping gene. Expression of the 

human GSK-3β and Tau genes were compared to the steady expression of the human 

glucose-6-phosphate dehydrogenase (hG6PDH) housekeeping gene. 
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Aliquots of the reaction products were run on 2% agarose gels containing ethidium 

bromide, to mark and visualise the RT-PCR products. In the case of SYBR Green I-based 

assays, melting curve analysis was also performed to identify RT-PCR products.

Results and Discussion
In early phase of drug discovery it is essential to generate recombinant cell lines 

expressing  target  protein(s)  stably.  It  is  also  a  demand that  these cell  lines  could  be 

applicable  for  high  throughput  screening  (HTS)  tests  for  selection  of  potential  drug 

candidates.  Real-time  quantitative  RT-PCR  technique  plays  a  prominent  part  in  the 

development and selection of such kind of recombinant cell lines. 

My work was a part in the generation and characterization of three cell lines stably 

and inducibly expressing two different recombinant proteins (like rat NR1a and NR2A or rat 

NR1a  and  NR2B  NMDA  receptor  subunits  as  well  as  human  

GSK-3β and Tau proteins). I’ve developed six different assays based on qRT-PCR method 

to quantify target and housekeeping gene mRNA levels. These assays could have beeen 

successfully applied for selection of cell lines capable for  in vitro functional screening of 

drug candidates. 

In  search of  for  subunit  selective  antagonists,  it  is  absolutely  necessary  to  have 

cellular systems expressing NMDA receptors with defined subunit compositions. Such kind 

of  cell  lines  can  also  help  to  clarify  the  role  of  the  certain  NR2  subunits.  We  have 

established non-neuronal,  HEK-293 based cell  lines stably  expressing recombinant  rat 

NR1a/NR2A and  rat  NR1a/NR2B  NMDA receptors  respectively,  using  an  ecdysone-

inducible mammalian expression system. According to their pharmacological profile, the 

generated cell  lines were used in functional  assays for  screening for  compounds with 

subunit specific NMDA antagonist activity. In case of the rat NR2A subunit I’ve performed 

the mRNA expression analysis during the procedure of clone selection. As a result, a cell 

line expressing the highest level of NR2A subunit could be chosen. In order to examine 

inducibility,  I’ve monitored the  expression of  the  NR2A subunit  in  the  chosen cell  line 

treated with different concentrations of the inducing agent (MuA). The NR2A mRNA level 

was increased concentration-dependently in the presence of MuA (Kurkó et al., 2005). The 

relative mRNA levels of the NR2A subunit were determined by the one-tube qRT-PCR 

analysis measuring SYBR Green I-based fluorescence and applying calibration curves.

In development of NR1a/NR2B NMDA receptor expressing cell lines, I’ve performed 

the NR2B mRNA expression analysis based on qRT-PCR. Absolute mRNA levels of the 
5



NR2B subunit  were  determined  by  a  one-tube quantitative  real-time RT-PCR analysis 

using calibration curves and hybridization probes. We examined the inducibility in this case 

too. Whereas no apparent expression was detected in cells untreated with the inducing 

agent, the NR2B mRNA level was increased concentration-dependently in presence of 

MuA (Nagy et al., 2003; Dezső and Nagy, 2005).

In  neurodegenerative  diseases  called  Tauopathies  there  is  a  direct  link  between 

GSK-3β and Tau hyperphosphorylation. To study this phenomenon, we’ve developed non-

neuronal cell lines, stably and inducibly co-expressing human Tau and GSK-3β proteins. 

With help of these cell lines the effect of protein kinase inhibitors on Tau phosphorylation 

can  be  monitored.  Therefore,  hGSK-3β  /  hTau ECR-293 cell  line  is  a  suitable  model 

system to study GSK-3β-mediated Tau phosphorylation directly within the complexity of 

the cellular environment. This new approach provides appropriate throughput for screening 

purposes  in  research  for  GSK-3β  inhibitors,  as  potential  drug  candidates  in 

pharmacotherapy of Alzheimer’s disease. During development and selection of cell lines 

expressing target proteins at high levels, I’ve performed the analysis of human GSK-3β 

and Tau mRNA expression. The relative mRNA levels  of  the human GSK-3β and Tau 

proteins  were determined by a two-step qRT-PCR analysis  using Fast  Start  Taq DNA 

polymerase  and  measuring  SYBR  Green  I-based  fluorescence.  Calculations  were 

performed according to the comparative Ct method. We also examined the effect of the 

inducing  agent  on  the  transcription  of  the  proteins.  Both  hGSK-3β  and  hTau  mRNA 

expression were dose-dependently increased with the concentration of the inducing agent 

(Kurkó et al., 2006).

According to our experiences, correct determination of mRNA levels by qRT-PCR 

analysis can be performed using either with SYBR Green I method including melting curve 

analysis or with hybridization probes, either performing one-tube or two-step reactons, and 

either using calibration curves or  comparative Ct  method.  My opinion is  that  the least 

costly and least labour-intensive method is the two-step RT-PCR measuring SYBR Green 

I fluorescens followed by the comparative Ct evaluation. Nowadays we can already use 

predesigned  and  optimalized  TaqMan  probes  and  primer  sets  for  easy  and  fast 

determinations of gene expression. Finally, according to my pre-defined aims it can be 

established, that selection of cell lines expressing target proteins at the highest level is 

possible using the assays I’ve worked out. These cell lines could be applied successfully in 

high throughput screening for potential drug candidates.
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Theses of the dissertation
1. As a  result  of  the  demonstrated  rat  NR2A clone selection  procedure based on 

quantitative  real-time  PCR  method,  I’ve  selected  successfully  the  cell  line 

expressing  the  NR2A subunit  at  the  highest  level.  This  cell  line  was  applied 

excellently  to  examine  subunit-selectivity  of  potential  NMDA  antagonist  drug 

candidates. In case of the chosen cell line encoded D5/H3, highest level of NR2A 

mRNA was measured after 1µM MuA treatment.

2. Comparing two demonstrated cell lines stably and inducibly expressing rat NR2B 

subunit,  I’ve  worked  out  a  quantitative  real-time  PCR-based  mRNA analysing 

method successfully. This assay gives a possibility to measure the absolute mRNA 

levels.  In  case  of  the  two  examined  cell  lines  –  encoded  A10/C6  and  G1  –  

highest level of NR2B mRNA was measured after 1µM MuA treatment.

3. I’ve developed a rapid, reliable, qualitative and quantitative analysis system based 

on real-time RT-PCR applying comparative Ct method to measure mRNA of human 

GSK-3β and Tau proteins.  By means of  this  method,  a  cell  line expressing the 

highest  levels  of  target  proteins  was  successfully  selected.  This  cell  line  was 

applied excellently to screen the inhibitory effect of drug candidates on the GSK-3β 

protein in vitro. In case of the chosen cell line encoded H11, highest levels of GSK-

3β and Tau mRNA were measured after 3µM MuA treatment.
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