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1. Introduction 
 
 The cerebellum has an essential role in motor coordination, implicit learning of 

automated movements, timing of conditioned reflexes as well as the acquirement of a 

number of cognitive skills which is thought to be critical for the formation of motor learning. 

Purkinje neurons as one of the cerebellar cell types play a major role in the cerebellar 

signaling machinery. Specific receptor expressed in these neurons, mGluR1, is crucial for 

cerebellar function and mice lacking this receptor suffer from ataxia and also completely 

lack cerebellar long term depression (LTD). Recently, a group of diverse and evolutionary 

conserved ion channels, called classical transient receptor potential (TRPC) channels 

were implicated into Purkinje neurons receptor signaling through mGluR1 receptor. TRPC 

channel family members have a crucial role in sensory physiology and they take part in 

neurite outgrowth and receptor signaling in the central nervous system. But their exact 

role in Purkinje neurons still remains a mystery. This study gives an insight in the 

quantitative expression pattern of TRPC channels in Purkinje neurons, which could 

indicate the functional role of TRPC channels in these cells. 

 

1.1 The TRPC channel family 
 Transient receptor potential (TRP) channels were first described in Drosophila 

melanogaster, where photoreceptors carrying TRP gene mutations exhibited a transient 

voltage response to continuous light (Minke, 1977; Montell et al., 1985).   Unlike most ion 

channels, TRP channels were rather identified by their sequence homology than by ligand 

function or selectivity, because their functions are disparate and often unknown (Clapham, 

2003). The TRP superfamily is divided into seven subfamilies which are further divided 

into two groups (Venkatachalam and Montell, 2007). The group 1 consists of five 

subfamilies: “classical” TRPs or the TRPCs; “vanilloid” TRPs or TRPVs, which respond to 

heat, changes in osmolarity, odorants and mechanical stimuli; “melastatin” TRPs or 

TRPMs, which are involved in sensory perception and can form chanzymes; TRPN 

subfamily proteins which function in mechanotransduction, and TRPA subfamily proteins 

activated by noxious cold and required for the auditory response. The group 2 of TRP 

channel superfamily is composed of TRPP and TRPML subfamilies, which are only 

distantly related to the group 1 of TRP superfamily (Montell, 2005). 

 Like other members of the TRP superfamily, TRPC channel family members have 

a crucial role in sensory physiology. Not only do TRPC family members provide 
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information about the extracellular environment, but they enable cells to sense and 

respond to changes in their local, cellular environment (Venkatachalam and Montell, 

2007). In the central nervous system, TRPC channels participate in neurite outgrowth and 

receptor signaling (Moran et al., 2004). TRPC1 and TRPC3 have been implicated in 

growth cone guidance by brain-derived neurotropfic factor (BDNF) (Li et al., 1999; Li et al., 

2005; Shim et al., 2005; Wang and Poo, 2005). TRPC5 was found to operate in neurite 

extension (Greka et al., 2003). TRPC1 was proposed to mediate the excitatory role on 

mGluR1 metabotropic receptors (Kim et al., 2003). TRPC4 was connected to the inhibitory 

neurotransmitter GABA release from the dendrites of the thalamic interneurons (Munsch 

et al., 2003). Recently TRPC channels have been increasingly involved with pathological 

conditions and diseases, like a kidney disorder focal and segmental glomerulosclerosis 

(FSGS) (Reiser et al., 2005; Winn et al., 2005) and elevated blood pressure (Dietrich et 

al., 2005). 

 

 

Figure 1.1 TRPC channel family phylogenetic tree. The evolutionary distance is shown by the 
total branch lengths in point accepted mutation (PAM) units, which is the mean number of 
substitutions per 100 residues (adapted from (Clapham et al., 2001; Putney, 2004)). 
 

 The TRPC family, with seven members (TRPC1 to TRPC7), is the TRP family 

most closely related to the original Drosophila channel (Vazquez et al., 2004). TRPC1, 

TRPC2 and TRPC3 were the first to be identified (Wes et al., 1995; Zhu et al., 1995), and 

since then, seven mammalian TRPC proteins have been cloned (Montell et al., 2002). The 

TRPC channel family can be further subdivided into four different subfamilies consisting of 

TRPC1, TRPC2, TRPC3, 6, and 7 and TRPC4 and 5, respectively, who share a high 
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degree of homology (see Figure 1.1). TRPC2 is a pseudogene in humans, and in old 

world monkeys and apes (Liman and Innan, 2003), but apparently forms fully regulated 

channels in other mammalian species. TRPC3, 6 and 7 form a closely related subfamily, 

sharing a high degree of amino acid identity (70-80%) and functional, regulatory and 

pharmacological similarities. TRPC4 and 5 also share a similar structural and functional 

relationship (Vazquez et al., 2004) 

 

 
 
Figure 1.2 Structure of TRPC channel family proteins. Detailed structural characteristics and 
interaction domains are explained in the text. abbreviations: A – ankyrin-like domains (green); CC-
N – N-terminal coiled-coil region (white); CBR – caveolin binding region (violet); S1-S6 – 
transmembrane domains (grey); P – putative pore (blue); TRP box -  the EWKFAR sequence in 
TRPCs (red); PRM – proline rich motif (pink), CC-C – C-terminal coiled-coil region (white) and 
CIRB – calmodulin/IP3 receptor binding region (yellow). (figure was adapted from (Vannier et al., 
1998; Clapham, 2003; Putney, 2004; Venkatachalam and Montell, 2007)). 

 

 TRPC family members are believed to have a common topology (Vannier et al., 

1998). The primary structure of TRPC channel proteins shows the presence of six 

transmembrane domains (S1-S6), with both N- and C-termini located intracellularly (see 

Figure 1.2).   Transmembrane segments S5 and S6 are thought to form the putative pore 
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(Vannier et al., 1998). The N-terminus of TRPC proteins is composed of three to four 

ankyrin-like repeats, a predicted coiled-coil region and a putative caveolin binding region. 

The cytoplasmic C-terminus includes the so called TRP domain, a highly conserved 

proline rich motif, the CIRB (calmodulin/IP3 receptor binding) region and a predicted 

coiled-coil region. TRPC4 and TRPC5 have a unique extended C-terminus, ending with 

PDZ binding domain (Vazquez et al., 2004). The coiled-coil (CC) is a ubiquitous protein 

motif with the common function to control oligomerization, and is present in TRPC proteins 

at each N- and C-terminus (CC-N and CC-C). This arrangement of CC motifs in TRPC 

protein structure suggests their possible involvement in homo- and heteromerization of 

different TRPC subunits to form ion channel tetramers, or to link TRPCs to other coiled 

domain containing proteins. The TRP box is a highly conserved sequence present in all 

TRP superfamily members. In TRPCs, TRP box is represented with EWKFAR sequence. 

Downstream of the highly conserved TRP box motif on the C-terminus of TRPCs, a 

proline-rich motif (LPXPFXXXPSPK) is located. This motif is conserved in all TRPCs and 

it has been shown that it is responsible for interaction of TRPC1 with Homer, a protein 

reported to interact with metabotropic receptors and IP3 receptor (Yuan et al., 2003). PDZ 

binding motif is specific for TRPC4 and TRPC5, and it seems to be responsible for the 

interaction with an adapter protein possibly linking the channels to phospholipase Cß 

(PLCβ) and the cytoskeleton (Tang et al., 2000).   

 TRPC channels are thought to be formed by the combination of four TRPC 

subunits, similarly to voltage-gated K+ channels (Villereal, 2006). Thus, TRPC channels 

could be formed as homo - or heterotetramers (Putney, 2004). There are no specific rules 

for TRPC subunit interaction in heteromeric channel formation, but certain published 

studies investigated in a systematic way the combinatory rules for TRPC channel subunit 

assembly (Goel et al., 2002; Hofmann et al., 2002), (Goel et al., 2002). These studies 

concluded that TRPC2 does not interact with other TRPC subunits, that TRPC1 can 

interact with TRPC4 or TRPC5, and that TRPC3/6/7 subfamily members only interact with 

each other. Nevertheless, many studies reported heteromeric TRPC channel formation 

that did not follow the above stated rules (Xu et al., 1997; Lintschinger et al., 2000; 

Strubing et al., 2003; Zagranichnaya et al., 2005; Poteser et al., 2006). When TRPC 

channels form heteromultimers, the properties of the novel channels were usually found to 

be different from the homomeric channels. This has been demonstrated for the TRPC1-

TRPC3  (Lintschinger et al., 2000), TRPC1-TRPC4  (Strubing et al., 2003) and TRPC1-

TRPC5 (Strubing et al., 2001, 2003; Xu et al., 2006) heteromultimeric channels. With such 

a variety of combinations between different TRPC proteins an incredible diversity of 
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channels with an array of distinct biophysical properties and biological functions can be 

expected.  

 TRPC channels like all TRP channels are nonselective cation channels, with 

PCa/PNa≤10. They depolarize cells and raise intracellular Ca2+ and/or Na+ (Clapham et al., 

2003). While there is general consensus that all TRPC channels are activated by PLC-

coupled receptors, there is considerable conflict regarding their exact mode of activation 

(Ambudkar et al., 2006). Activation of cell surface receptors which are coupled to inositol 

lipid signaling, results in phosphatidylinositol 4,5-bisphosphate (PIP2) hydrolysis by the 

PLC, generation of diacylglycerol (DAG) and inositol triphosphate  (IP3), release of Ca2+ 

from internal Ca2+ stores, and activation of plasma membrane Ca2+ influx channels. 

Agonist-generated signals can activate two major types of Ca2+ entry (see Figure 1.3). 

The first type is “store-operated” Ca2+ entry (SOCE), which is regulated by the depletion of 

Ca2+ from internal Ca2+ stores. Three main models of SOCE activation have been 

proposed: (i) IP3 receptor and the plasma membrane Ca2+ channel direct physical 

interaction; (ii) a diffusible factor released during or in response to Ca2+ store depletion 

and, (iii) channel recruitment to the plasma membrane by regulated vesicle trafficking. The 

second type is the Ca2+ entry through “second messenger-operated” channels (SMOC), 

which are most likely activated directly by DAG or by PIP2 hydrolysis per se (Putney et al., 

2001; Venkatachalam et al., 2001; Bird et al., 2004; Putney, 2005; Ambudkar, 2006). 

TRPC1, TRPC4 and TRPC5 have usually been reported to be store-operated Ca2+ 

channels, while TRPC3, TRPC6 and TRPC7 are generally thought to be store-

independent (see Figure 1.3).  

 TRPC1 has consistently been the strongest candidate for the store-operated 

channel activation. Several studies in different cell types, including salivary gland (Liu et 

al., 2000; Singh et al., 2001), DT40 cells (Mori et al., 2002), platelets, smooth muscle and 

endothelial cells (Beech et al., 2003), reported convincing evidence that TRPC1 is indeed 

a SOC channel. Nevertheless, contradictory findings have also been reported, stating that 

heterologously expressed TRPC1 channel activation is store-independent 

(Venkatachalam et al., 2001; Beech et al., 2003; Montell, 2005; Pedersen et al., 2005). 

TRPC4 and TRPC5 are closely related TRPC channel family members, and have shown 

similar ways of activation. Conflicting reports exist about the modes of activation of these 

two TRPC subunits. TRPC4 is suggested to be a component of SOC. While other studies 

show that TRPC4, like TRPC5 is constitutively active.    TRPC5 modes of regulation have 

been reported to be both store-dependent and independent. For the TRPC3/6/7 

subfamily, the vast majority of published results suggest that DAG, produced upon PLC 

activation, is the signal activating these channels (Hofmann et al., 1999; Okada et al., 
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1999; Lintschinger et al., 2000; Trebak et al., 2003; Venkatachalam et al., 2003). It has 

been reported that endogenous TRPC3 contributes to heteromeric store-operated Ca2+ 

channels in HEK-293 (Zagranichnaya et al., 2005), HSY (Liu et al., 2005) and neuronal 

cells (Wu et al., 2004). The store-dependent regulation of TRPC3 has been suggested to 

be dependent on the level of channel expression. When expressed in high levels, TRPC3 

seems to be able to form spontaneously activated channels (Putney, 2004). Also, it has 

been shown, that TRPC3 can be activated by oleylacetylglycerol (OAG) but not by 

thapsigargin (SERCA pump blocker). This suggests that TRPC3 is not regulated by store 

depletion (Venkatachalam et al., 2003; Liu et al., 2005). Less is known about TRPC7 

activation, although both store-dependent and independent mechanisms of activation 

have been reported (Zagranichnaya et al., 2005). 

 

 

 

 

Figure 1.3 Possible models of TRPC channel functional regulation. Detailed explanation of the 
TRPC activation mechanisms can be found in the text. (adapted from (Putney, 2004; Ambudkar et 
al., 2006)). 
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 TRPC channel family members are widely expressed. TRPC1 was found to be 

expressed in brain, heart, kidneys, endothelium, ovaries, testis and in smooth muscle cells 

(Freichel et al., 2004a; Freichel et al., 2004b; Inoue et al., 2004; Montell, 2005). TRPC2 is 

a pseudo gene in humans, while it is a functional gene in rodents where it is expressed in 

vomeronasal organ (VNO) and possibly in the testis (Vannier et al., 1999; Jungnickel et 

al., 2001). TRPC3 RNA has been shown to be enriched in the adult human brain (Zhu et 

al., 1996) but another study showed that in rats the TRPC3 protein is predominantly 

expressed in the brain during a relatively narrow developmental period before and after 

birth (Strubing et al., 2003). Based on results from RT-PCR studies TRPC3 might also be 

expressed in smooth muscle cells and endothelial cells from blood vessels (Freichel et al., 

1999; Inoue et al., 2001; Beech et al., 2004; Inoue et al., 2004). TRPC4 was reported to 

be expressed in brain, endothelium, kidney, retina, testis and adrenal gland and TRPC5 

was predominantly expressed in the brain (Freichel et al., 2004a; Montell, 2005). TRPC5 

transcripts and proteins have been shown to be abundantly present in hippocampal 

neurons (Greka et al., 2003). TRPC6 expression has been reported in the lung, the brain 

(Montell, 2005) and in smooth muscle cells (Yu et al., 2004). Expression of the TRPC6 

protein in glomerular podocytes was demonstrated by immunostaining (Pavenstadt et al., 

2003).  

 TRPC channel family members were found to be expressed and widely distributed 

in the mammalian brain (Moran et al., 2004), but not many quantitative studies were 

performed on TRPC transcripts or proteins.  

 

1.2 TRPC channels in cerebellar Purkinje neurons 
 The cerebellum has an essential role in motor coordination, implicit learning of 

automated movements, timing of conditioned reflexes as well as the acquirement of a 

number of cognitive skills (Ito, 2002). The cerebellum receives information from many 

brain areas through direct or indirect inputs. Purkinje neurons receive the entire cerebellar 

activity through thousands of synapses located on their enormously large dendritic trees. 

Purkinje neurons receive two types of excitatory synapses. The first comes from the 

granule cell axons, the so-called parallel fibers, which form at least 100 000 weaker 

synapses onto Purkinje neuron dendrites. And the second, from climbing fibers, 

originating in the inferior olive, with each forming a powerful synaptic input involving 

hundreds of synapses (Ito, 2002). Repeated stimulation of both inputs at low frequencies 

causes a further long-lasting weakening of synaptic transmission at the parallel fibers. 



  1.Introduction 
 

8 
 

This phenomenon is called cerebellar long term depression, or cerebellar LTD, which is 

thought to be critical for the formation of motor learning (Ito, 2002).  

 Glutamatergic synaptic transmission at parallel fiber synapses, where LTD is 

expressed postsynaptically, is mediated exclusively by the AMPA-receptors and 

metabotropic glutamate receptors of the mGluR1 subtype. MGluR1 is crucial for cerebellar 

function and mice lacking this receptor suffer from ataxia and also completely lack 

cerebellar LTD. Purkinje neurons express high levels of the metabotropic glutamate 

receptor (mGluR) of the subtype mGluR1. Together with mGluR5, this subtype constitutes 

the group I mGluRs.  MGluRs  are implicated in many forms of neural plasticity including 

cerebellar long-term depression (Linden et al., 1991; Aiba et al., 1994; Conquet et al., 

1994). MGluR-dependent Ca2+ release in spines and dendrites of Purkinje cells can be 

synaptically evoked by burst stimulation of  parallel fibers  (Takechi et al., 1998). 

Activation of mGluR1 is followed by slow synaptic transmission, which consists of the 

release of Ca2+ ions from intracellular Ca2+ stores through IP3 receptors, and activation of 

a slow excitatory postsynaptic current (EPSC) (Batchelor et al., 1997; Tempia et al., 1998; 

Tempia et al., 2001). The coupling between mGluR1 and PLCβ occurs mainly through 

Gαq proteins, G protein members of the Gq family (Hartmann et al., 2004). After mGluR1 

activation, Gαq coupled PLCβ cleaves the membrane PIP2 to yield DAG and IP3. This 

results in both Ca2+ mobilization through a PLCβ–IP3 cascade and activation of a slow 

excitatory postsynaptic current (EPSC) carried by a mixed cation conductance (see Figure 

1.4).  

 The ion channel underlying the slow EPSC has not been identified in Purkinje cells 

or in any other cell type. However, a number of observations exist that constrain the 

identity of the ion channel underlying this slow current. EPSC is a mixed-cation 

conductance that reverses at about +20mV (Knopfel et al., 2000; Canepari et al., 2001; 

Tempia et al., 2001), and requires the presence of external Ca2+ (Tempia et al., 2001; 

Tabata et al., 2002). This current is also not blocked by antagonists of Na+/Ca2+ 

exchangers, purinergic receptors, hyperpolarization-activated cation channels or voltage-

gated Ca2+ channels (Hirono et al., 1998; Canepari et al., 2001; Tempia et al., 2001). At 

glutamatergic synapses group I mGluRs form interactions with scaffolding molecules. The 

most important of these molecules are the Homer family proteins, which form multimers 

capable of regulating coupling of group I mGluRs to a number of targets including IP3 

receptors, ryanodine receptor and voltage-gated Ca2+ channels (Xiao et al., 2000). It has 

also been reported that Homer binds and regulates the gating of members of the TRPC 

family of nonspecific cation channels (Yuan et al., 2003). 
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 Due to their physiological properties and expression patterns, TRPC channels 

have become the most likely candidates for the ion channels conducting the slow EPSC in 

the Purkinje neurons. It has, indeed, been reported that the mGluR1-evoked slow 

postsynaptic current (EPSC) is mediated by the TRPC1 cation channel (Kim et al., 2003). 

 

 
 

Figure 1.4 TRPC channel activation in Purkinje cell dendrites. Detailed explanation of TRPC 
channel activation mechanism can be found in the text (adapted from (Hartmann and Konnerth, 
2005)). 
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TRPC1 was found to be expressed in perisynaptic regions of the cerebellar parallel fibre–

Purkinje cell synapse and has been shown that it is physically associated with mGluR1. In 

the same study, manipulations were made on TRPC1 protein, by substituting 

phenylalanine residue at position 561 of the primary structure, with alanine residue 

(TRPC1/F561A). These manipulations on the TRPC1 have been shown to block the 

mGluR1-evoked slow current in Purkinje cells, with no affect on fast transmission 

mediated by AMPA-type glutamate receptors. Furthermore, co-expression of mGluR1 and 

TRPC1 in a heterologous system reconstituted a mGluR1-evoked conductance that 

closely resembles the slow EPSC in Purkinje cells (Kim et al., 2003). Nevertheless, 

another study described the EPSC mediated by TRPC1 to be different from 

heterologously expressed TRPC1 channels concerning single channel conductance and 

pharmacological properties (Canepari et al., 2004), indicating that the native channel 

could be a heteromultimer containing TRPC1. 

 Interestingly, the results obtained on the TRPC1 knockout mouse by Hartmann et 

al. (2008, in press), show conflicting evidence of the role of TRPC channels in Purkinje 

neurons than the previous study. Hartmann et al. have found the presence of the above 

mentioned slow EPSC in the TRPC1 knockout mice. In these mice, the TRPC1 gene was 

inactivated using gene targeting in murine embryonic stem cells.  Exon 8 of TRPC1 gene 

was deleted, which resulted in loss of the coding region for amino acids 584–670 that form 

transmembrane segments 4 and 5 and a small part of the putative pore domain (Dietrich 

et al., 2007). This fact raised a question if any other TRPC subunit, present in Purkinje 

neurons, was involved in the mediation of the slow EPSC in the Purkinje neurons. The 

expression pattern of TRPC subunits in the Purkinje neurons was not known to date. 

 

1.3 Quantitative single-cell RT-PCR 
 

 Quantitative single-cell RT-PCR is a technique widely used for quantitative 

investigations of cell type-specific gene expression patterns. The first successful 

amplification of specific RNA transcripts was performed on Purkinje cells (Lambolez et al., 

1992). This technique was a breakthrough discovery after which many protocols were 

established for quantitative single-cell expression analysis (Geiger et al., 1995; Chow et 

al., 1998; Liss et al., 2001; Tsuzuki et al., 2001; Liss, 2002; Durand et al., 2006). 

 No study up to date presented any quantitative RT-PCR data on the expression 

levels of TRPC1-7 subunits in the cerebellar Purkinje cells or any other central neuron for 

that matter. In order to profile the expression pattern of TRPC family subunits in Purkinje 
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1.4 Experimental goals 
 The main goal of this study was to describe the expression profile of TRPC 

channel subunits in the mouse brain, with the emphasis on cerebellar Purkinje cells.  

 This was the first attempt up to date to quantify the expression levels of TRPC 

channels in Purkinje cells by using single-cell quantitative RT-PCR. Specific experimental 

goals in this study were:  

 

• to design specific primers for TRPC1-7 subunits and use them to create highly 

reproducible and sensitive quantitative RT-PCR assays. TRPC2 subunit was 

not taken into consideration in this study, since TRPC2 was reported to be 

expressed only in the vomeronasal organ (VNO) and possibly in the testis 

(Vannier et al., 1999; Jungnickel et al., 2001; Kimchi et al., 2007).  

 

• to construct high-resolution external standard curves specific for all TRPC1-7 

subunits transcripts and to test and compare their efficiency in the native 

material 

 

• to quantify the expression pattern of TRPC subunits in the whole brain and 

cerebellum 

 

• to quantify the expression pattern of TRPC subunits in the single Purkinje cells 

of the wild type and TRPC1 knockout animals. 
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2. Materials and Methods 
 

2.1 Materials 
 

2.1.1 Chemicals 
 The chemicals used for the experimental work were ordered from the following 

companies: Roche (Mannheim), Carl Roth (Karlsruhe), DeltaSelect (Dreieich), Difco 

(Detroit, MI), Fluka Biochemika (Buchs Switzerland), Gibco BRL (division of Invitrogen), 

Invitrogen (Karlsruhe), Merck (Darmstadt), Serva (Heidelberg) and Sigma-Aldrich 

(Schnelldorf). The complete list of chemicals and suppliers can be found in the 

Supplemental material (see 7.1). 

 

2.1.2 Buffers and solutions 
 

1M MgCl2 (25ml) 

dissolve 5,0825g MgCl2 (203,3 g/mol) in 25ml sterile water 

 

10X Ringer (500ml) 

- 260  mM NaHCO3 (84,01g/mol) = 10,9213g                               
- 12,5  mM NaH2PO4 (138g/mol) = 0,8625g           
- 1250 mM NaCl (58,44g/mol) = 36,5250g            
- 25 mM KCl (74,56g/mol) = 0,9319g     

 

1M CaCl2 (50ml) 

dissolve 7,35g  CaCl2 ● H2O  (147 g/mol) in 50ml sterile water 

 

Agarose gel (standard) 

- add 0,5g (1% gel) into 50ml 1xTAE buffer                                       
- boil shortly                                                                
- add 25µl Ethidium Bromid (0,1%) 
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Agar plates (for approximately 20 plates) 

- add 7,5g Agar into 500ml LB buffer                                   
- autoclave immediately                                                
- cool down to 64°C                                                           
- add antibiotic of wish and mix                                                
- pour into sterile Petri dishes and leave to solidify 
- store at +4°C       

 
Artificial cerebrospinal fluid (ACSF) 

- 125mM NaCl 
- 2,5mM KCl 
- 2mM CaCl2 
- 1mM MgCl2 
- 1,25mM NaH2PO4 
- 26mM NaHCO3 
- 20mM glucose 

 

Cell harvest pipette solution (per reaction) 

- 1µl first strand buffer 5X 
- 4µl RNase free water 

 

dNTP-Mix (10mM) 

- 50µl  of each 100mM dATP / dCTP / dGTP / dTTP 
- 300µl 10mM TRIS, pH: 8.0 

 
DNA loading buffer (10ml) 

- 0,05g Xylene cyanol        
- 5ml 80% Glycerol                                                    
- 5ml 1xTAE                      

           

Ethidium bromide solution (0,1%) 

dilute 60µl 1% ethidium bromide solution in 600µl water 

 

LB - medium (5L) 

- 25g Yeast                                                                       
- 50g NaCl                                                                        
- 50g Peptone form casein                                      
- dissolve completely                                                     
- adjust pH to 7,4 with NaOH                                          
- pour into 500ml bottles                                                       
- autoclave 
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N6 random primers (50µM) 

dilute 4µl N6 random primer stock solution (5mM) in 396µl RNase free water 

 

RNA normal ringer (1l) 

- 2mM CaCl2 (2ml 1M CaCl2)   
- 900 ml Aqua dest 
- 1mM MgCl2 (1ml 1M MgCl2)   
- 100ml 10X Ringer 

 

RT mix (per reaction) 
- 1µl Igepal CA-630 (1%) 
- 1µl N6 random primers 50 µM 
- 1µl dNTPs 10mM 
- 1µl first strand buffer 5X 

 
TAE, 50x (500ml) 

- 2M Tris BASE (121g)    
- 50ml 0,5M EDTA  
- adjust pH to 8.0. with acetic acid at room temperature                                                                      
- add Delta water until 500ml and autoclave  immediately 

 

TBE, 10x (500ml) 

- use sterile bottle  
- 890mM Boric acid (27,5g) 
- 890mM Tris BASE (54g)                                      
- 20ml 0,5M EDTA pH 8.0                                        
- add Delta water until 500ml and autoclave 

 
X-Gal solution    

40mg/ml X-Gal in N´N´-Dimethylformamide 

 

 

2.1.3 Enzymes and enzyme buffers 

 
 Restriction enzymes and corresponding enzyme buffers were ordered from New 

England Biolabs (Frankfurt am Main). M-MLV reverse transcriptase and M-MLV RT buffer, 

as well as RNA protecting agent, RNasin® Plus, were purchased from Promega 

(Mannheim). The Taq (Thermus aquaticus)-DNA-Polymerase, and the corresponding 
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PCR buffer were ordered from PeqLab (Erlangen). Information on enzymes and 

corresponding enzyme buffers is listed in the Supplemental material (see.7.2). 

 

2.1.4 Antibodies 
 
 The Taq-StartTM Antibody (1,1µg/ml, 7µM), was ordered from Clontech (a Takara 

Bio Company, Mountain View, CA, USA). 

 

2.1.5 Nucleotides and oligonucleotides  
 
 Nucleotides dATP, dCTP, dGTP and dTTP, all 100mM, were purchased from 

Amersham Pharmacia Biotech (New Jersey, USA). Random hexamer primers (p(dN)6, 50 

A260 units) were ordered from Roche Diagnostics (Mannheim). The PCR primers were 

ordered from MWG-Biotech AG (Ebersberg) and Metabion (Munich). 

 

2.1.6 Vectors 
 
 The pGEM®-T Easy Vector (3018bp) was ordered from Promega (Mannheim), and 

the pSPT18 phagemid vector (3104bp) from Roche Diagnostics (Mannheim). 

 

2.1.7 Dyes and markers 
 
 The Xylene cyanol FF, C.I. 43535, indicator was purchased from Serva 

(Heidelberg). The DNA marker, MassRulerTM, DNA Ladder Mix was ordered from 

Fermentas (St. Leon-Rot). 

 

2.1.8 Kits 
 
 The LightCycler® DNA Master SYBR Green I kit and the LightCycler® Capillaries 

(20µl) were purchased from Roche Diagnostics (Mannheim). The QIAEX® Gel Extraction 

Kit, QIAquick® Gel Extraction Kit, QIAquick® PCR Purification Kit, RNeasy® Protect Maxi 

Kit and RNeasy® Protect Midi Kit were ordered from Qiagen (Hilden). The NucleoSpin® 

Plasmid for plasmid isolation and NucleoBond® Plasmid Purification Maxi kit were ordered 

from Machery-Nagel (Düren), and pGEM®-T Easy Vector System I from Promega 

(Mannheim). 
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2.1.9 Microorganisms 
 
 The Escherichia Coli strains XL10-Gold ultra-competent cells were ordered for 

Stratagene (La Jolla, CA). One Shot® TOP10 chemically competent cells and 

DH5Alpha™ Competent Cells were purchased from Invitrogen (Karlsruhe). 

 

2.1.10 Animals 
 
 The wild type mice used in this study, carried a mixed genetic background 50:50 

(SV129:C57BL/6). The TRPC1 knockout and corresponding control animals were 

maintained on a SV129 genetic background (Dietrich et al., 2007). 

 

2.2 Methods 
 

2.2.1 Cloning 

2.2.1.1 Ligation 
 

a) Quick ligation of DNA fragments into pSPT18 phagemid 
 

 Before the ligation reaction was performed, the inserts and the pSPT18 phagemid 

were treated with restriction endonucleases EcoRI and Hind III, in order to make the so-

called “sticky-ends” (see 2.2.7). After the restriction cut, preparative gels were made in 

order to purify modified inserts and plasmid. Ligation procedure was performed using 

TOPO cloning, 5 minute PCR cloning kit (Invitrogen, Karlsruhe): 

-   10µl 2x Quick buffer 
-   5µl insert 
-   1µl pSPT18 phagemid vector 
-   4µl water 
-   1µl Quick ligase 
-   incubate 5min at 25°C 
 

b) Ligation of DNA fragments using the pGEM Easy vector system 1 
 

-   5µl 2x R.L. Buffer 
-   1µl vector 
-   3µl PCR product 
-   1µl T4 ligase 
-   incubate 1h at 25°C 
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2.2.1.2 Transformation of E.Coli bacterial strains with plasmid DNA 
 
 The transformation of competent cells (see 2.1.9.) was performed with small 

amounts of the ligation product following the protocol below: 

1.  melt aliquots of competent cells (50µl each) on ice 

2.  immediately mix the aliquots with the ligation product  

3.  incubate on ice for 30min 

4.  “heat-shock”  the probes on 42°C for exactly 30s and return on ice 

5.  add 250µl SOC medium into each probe 

6.  incubate 1h at 37°C, under constant shaking 

7.  distribute 50µl of probe on to an agarose plate with needed antibiotic and X-Gal 

(Blue/white staining method) 

8.  incubate at 37°C over night 

 After the overnight incubation, transformed E.coli created white, antibiotic resistant 

colonies on the agar plates.  

 

2.2.2 Isolation and purification of DNA 

2.2.2.1 Small scale DNA isolation (Mini-prep) 
 
 In order to verify the successful transformation of E.coli, plasmid DNA was isolated 

from the transformed cultures (see 2.2.1.2.) Colonies of E.coli were collected from the 

agarose plates and incubated in 5ml LB-medium (containing antibiotic, ampicillin) over 

night at 37°C, under constant shaking. 

 For the small scale DNA plasmid isolation the NucleoSpin® Plasmid kit (Machery-

Nagel, Düren) was used. The procedure was done following the modified kit protocol 

bellow. 

1. centrifuge 1-5ml of saturated E.coli LB culture at 11000xg, for 30s  

2. remove supernatant completely 

3. add 250µl of buffer A1 to each sample and vortex vigorously to resuspend the     

cell pellet 

4. add 250ml of buffer A2 to each sample and mix gently by inverting the tube couple 

of times. Do not vortex. 

5. incubate at room temperature for a maximum of 5min 

6. add 300µl buffer A3 and mix gently by inverting the tube couple of times. Do not 

vortex. 
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7. centrifuge at 11000xg, for 10min, at room temperature 

8. place NucleoSpin® plasmid column in a 2ml collecting tube and add the 

supernatant collected from the samples 

9. centrifuge at 11000xg , for 1min and discard flow-through 

10.  add 500ml pre-warmed buffer AW (50°C) to each sample tube 

11.  centrifuge at 11000xg, for 1min and discard flow-through 

12.  wash with 600µl buffer A4 (with ethanol)  

13.  centrifuge at 11000xg, for 1min and discard flow-through 

14.  centrifuge at 11000xg for additional 2min and discard flow-through 

15.  place the NucleoSpin® plasmid column in a 1,5ml micro-centrifuge tube and add  

elute the DNA with 50µl buffer AE  

16.  incubate 1min at room temperature 

17.  centrifuge at 11000xg, for 1min  

18.  store the DNA at -20°C 

 

2.2.2.2 Large scale DNA isolation (Maxi-prep) 
 
 In order to produce higher amounts of DNA, a large scale production and isolation 

of plasmid DNA, a so-called Maxi-preparation, was made. For this procedure a 

NucleoBond® Plasmid Purification Maxi kit (Machery-Nagel, Düren) was used, following 

the modified kit protocol. 

1. bacterial culture containing 50ml LB-medium, 50µl antibiotic (ampicillin) and 240µl 

of Mini-prep cell suspension was grown over night at 37°C, under constant shaking 

2. centrifuge the suspension at 6000xg for 10min to pellet the bacteria 

3. remove the supernatant 

4. add 15ml of S1 and vortex to completely dissolve the pellet 

5. add 15ml of S2 and mix gently 

6. after exactly 5 minutes add 15ml S3 and mix gently 

7. incubate on ice for 10 minutes 

8. centrifuge lysate at 10000xg for 8 minutes and then filter through a NucleoBond® 

Folded Filter 

9. equilibrate the NucleoBond® cartridge with 6ml N2 buffer 

10.  load the cleared lysate from step 8 onto the NucleoBond® cartridge 

11.  wash the cartridge with 35ml N3 buffer 

12.  elute the cartridge with 15ml N5 buffer into a clean 50ml tube  
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13.  add 11 ml isopropanol and mix gently 

14.  centrifuge at 10000xg for 40min at 4°C 

15.  remove isopropanol and wash the pellet with 15ml 70% ethanol 

16.  centrifuge at maximum speed for 10min 

17.  remove ethanol and wash the pellet again with 5ml 70% ethanol 

18.  centrifuge at maximum speed for 5min 

19.  remove ethanol completely under the sterile conditions (under the flow) 

20.  leave the tubes open for 45min to dry the pellet 

21.  dissolve the pellet in 150µl 10mM Tris pH:8.0 

22.  before final storage at -20°C check DNA purity and concentration 

 

2.2.2.3 Long scale storage of clones  
 
 The clones obtained from Maxilyse preparation were stored on -80°C, mixed in 

ratio 1:1 with clean glycerin. In this case 600µl glycerin and 600µl of Maxilyse preparation 

were mixed, and stored in special “cryo-tubes” at -80°C. 

 

2.2.2.4 Isolation and purification of DNA fragments from agarose gels 
 
 In order to purify DNA out of a gel, desired DNA fragment (approximately 50µl) 

must be loaded and run on a preparative, clean agarose gel (see 2.2.4.1.2). After the 

electrophoretic separation of DNA on the gel, the desired DNA fragment is precisely cut 

out of the agarose gel under UV-light (312nm). Further isolations and purification steps 

are a modification of a protocol from QIAquick Gel Extraction Kit (Qiagen). 

1. centrifuge shortly to place all the pieces of the gel on the bottom of the tube 

2. add 3X of  gel weight of Buffer QG (yellow) + 10µl 3M Na-acetate                                                    

(example: gel weights 200mg ⇒ add 600µl of Buffer QG) 

3. leave at 50°C  for 10min to dissolve the gel completely in the buffer 

4. shortly centrifuge at maximum speed 

5. add 1X of the gel weight of isopropanol, and vortex shortly 

6. load the filter tubes (max volume of a filter tube 750µl) 

7. centrifuge at maximum speed, for 1min  

8. discard flow-through and add 750µl of Buffer PE (with added ethanol) 

9. incubate for 5 min at room temperature  

10.  centrifuge at maximum speed, for 1 min  
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11.  discard flow-through and centrifuge at maximum speed again for 3 min to remove 

all the ethanol  

12.  place QIAquick columns in tubes 

13.  add 50µl of 10mM Tris-Cl, pH:8,0 on the center of the column 

14.  incubate at room temperature for 2 min 

15.  centrifuge at maximum speed, for 2 min  

16.  store the DNA at -20°C 

 After the isolation and purification, analytical agarose gel was prepared and loaded 

with 5µl of the purified DNA, in order to verify the identity of the purified sample, and to 

make sure that the DNA was not lost during the purification procedure. 

 

2.2.2.5 Purification of PCR products 
 
 The purification of PCR products was performed following the bellow described 

protocol, using the QIAquick PCR Purification Kit. 

1. add 5 volumes of buffer PB to 1 volume of the PCR sample and vortex shortly 

2. place a QIAquick spin column in a provided 2ml collection tube 

3. apply the sample to the column and centrifuge at 8000 rpm, for 1min 

4. discard flow-through. Place the column back into the same tube 

5. wash the column with 750µl buffer PE and centrifuge at 8000 rpm, for 1min  

6. discard flow-through. Place the column back into the same tube 

7. centrifuge at max speed for 1min to remove the remaining ethanol 

8. place the column in a clean 1,5ml tube 

9. add 50µl of 10mM Tris-HCl, pH:8,0  and incubate for 1min on room temperature 

10.  centrifuge at max speed, for 1min  

11.  store the DNA on –20°C 

 After the purification of PCR products analytical agarose gel was prepared and 

loaded with 5µl of the purified DNA, in order to verify the identity of the purified sample, 

and to make sure that the DNA is not lost during the purification procedure. 
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2.2.3 Isolation and purification of RNA 
 
 Total RNA from the whole brain and cerebellum was isolated and purified using the 

RNeasy Maxi or Midi kit (Qiagen), respectively, due to the different amounts of tissue 

used in the procedure.  

1. immediately after isolation homogenize tissue in 15ml/4ml RLT (10µl β-mercapto-

ethanol should be added  per 1 ml RLT buffer ) in a 50ml/15ml tube 

2. centrifuge at 4500xg, for 10min  

3. carefully transfer the supernatant into a new 50ml/15ml tube by pipetting 

4. add 15ml/4ml  of 70% ethanol (1 volume) to the homogenized lysate and shake 

vigorously immediately. Ensure that any precipitates are resuspended. 

5. apply the sample to an RNeasy maxi/midi column placed in a 50ml/15ml tube  

6. centrifuge at 4500xg, for 10min, and discard the flow-through 

7. add 15ml/4ml of Buffer RW1 to the RNeasy column 

8. centrifuge at 4500xg, for 5min and discard the flow-through 

9. add 10ml/2,5ml of Buffer RPE to RNeasy column 

10.  centrifuge at 4500xg, for 2min to wash the column and discard the flow-through 

11.  add another 10ml/2,5ml of Buffer RPE to RNeasy column 

12.  centrifuge at 4500xg for 10min to dry the column and discard the flow-through 

13.  to elute, transfer the RNeasy column to a new 50ml/15ml tube  

14.  pipette 800µl/150µl RNase free water directly on to the column 

15.  incubate for 1 min at room temperature 

16.  centrifuge at 4500xg, for 3min  and store the eluted RNA at -70°C 

 

2.2.4 DNA electrophoresis 
 

2.2.4.1 DNA electrophoresis on agarose gels 
 

DNA electrophoresis was performed in horizontal gel chambers, DNA Pocket 

Block-UV (Biozym Diagnostik). Depending on the number of probes and volume needed, 

combs of different shape and size have been used, to give the final shape to the agarose 

gel. Concentration of agarose in the gels depended on the size of the fragment, meaning 

that for smaller fragments and higher separation, higher percentage agarose gels were 

used.  
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2.2.4.1.1 Analytical gels 
 

Analytical gels were prepared in order to visualize DNA. After the agarose gel 

solution preparation (see 2.1.2.) gels were loaded with mixes of probes and 10% (v/v) 

DNA-load buffer. The electrophoresis was performed usually at a voltage of 70mV. 

Separated DNA bands in the gels were visualized under UV-light (312nm) and printed on 

Gel Doc 2000 (Biorad).  

 

2.2.4.1.2 Preparative gels 
 

Preparative gels were used in order to separate, isolate and purify DNA fragments. 

For that reason when making preparative gels, agarose with low melting point was used. 

Also, in order to obtain better separation, electrophoresis was performed at lower voltages 

(50mV). Due to the hazardous impact of UV light on DNA, fragments were cut out of 

preparative gels on lower UV-light intensity (70% power). 

 

2.2.4.2 DNA size markers 
 

DNA size markers are designed to evaluate DNA fragment´s size and quantity 

during agarose gel electrophoresis. For this work, MassRuler TM DNA Ladder Mix 

(Fermentas) was used. Marker was applied directly onto gels by pipetting 5-10µl into gel 

pocket.     

 

2.2.5 RNA electrophoresis 
 

To test the RNA integrity RNA electrophoresis was performed in horizontal gel 

chambers, DNA Pocket Block-UV (Biozym Diagnostik). Gel chambers were  previously 

cleaned with 3% hydrogen peroxide. 

1,4% agarose gel was prepared in 1 x TBE buffer using the standard protocol (see 

2.1.2.), without ethidium bromide. Loading buffer consisted of: 

- 7µl formaldehyde 
- 3µl formamide 
- 1µl ethidium bromide (1µl/µl) 
- 1,5µl 10x Trisborate-EDTA 
- 1µg RNA (max. 5µl) 
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 The sample was then heated at 70°C for 10min and loaded directly onto the gel. 

Gel electrophoresis was performed at 40mA. 

 

2.2.6 Quantification of DNA and RNA 
 
 The amount of DNA and RNA in solution was determined in “Gene Quant” 

Spectrophotometer (Pharmacia) at 260nm. Measurements were performed in 500µl or 

1000µl quartz cuvettes (Pharmacia) at 260nm and 280nm. Depending on the absorption 

obtained on 260nm, concentration of DNA and RNA in the solution can be calculated by 

knowing that: 

OD260 1.0 = 50µg/ml double stranded DNA 

OD260 1.0 = 40µl/ml single stranded DNA or RNA 

Ratios between the absorption measurements at 260nm and 280nm depict the purity of 

the DNA or RNA.  

 

2.2.7 DNA analysis with restriction endonucleases 
 
 Restriction analysis has been performed according to the protocols of Sambrook et 

al. (1989). The reactions were performed in a standard 20µl volume, with buffers obtained 

from the supplier together with the enzymes (see 2.1.3). Depending on the enzymes or 

enzyme mixes used, fitting buffer was chosen as recommended by the supplier (New 

England Biolabs). Concentration of enzyme used was dependent of the DNA 

concentration and has ranged from 1-5U/µg DNA. Incubation time was 3 hours on 37°C. 

After the incubation was finished, analytical gel was run to confirm the cut. 

 

2.2.8 Cell harvest  
 

2.2.8.1 Preparation of glass capillaries for cell harvest  
 

For the cell harvest, standard patch-clamp, Hilgenberg Borosilicate glass pipettes 

were used (outer diameter = 2,00mm, Wgd. = 0,30mm). The capillaries were cut to the 

length of 7,5cm and were flamed to smooth the edges. Before usage, capillaries were 
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incubated in a beaker filled with 70% ethanol for 4h, then washed with RNase free water 

and finally sterilized at 180°C. 

Using the double-pull routine on a Narishige PC-10 puller, tip diameters were set 

to the size of about half of the Purkinje cell soma diameter.  

 

2.2.8.2 Preparation of cerebellar slices  
 
 The experimental animals were decapitated after being anesthetized with CO2. 

The cerebella were removed rapidly and placed in ice cold ACSF (see 2.1.2), saturated 

with 95% O2 and 5% CO2. Parasagittal slices (300µm) were cut and incubated in ACSF, 

for 60min, at 34°C. After the 60min incubation, slices were kept in ACSF up to 8 hours, at 

25°C. For the cell harvest, the slices were placed in a recording chamber and perfused 

with RNA normal ringer (see 2.1.2.) at 37°C. Each slice was used for a maximum of 3 h.   

 

2.2.8.3 Cell harvest procedure  
 

Cerebellar Purkinje cells were identified visually using an upright microscope 

(Eclipse E600FN, Nikon, Melville, NY) equipped with a 60x objective (Olympus, Tokyo, 

Japan), N.A. 1.0., at the working distance of 2mm. 

After a Purkinje cell was visualized, a pipette filled with cell harvest solution (see 

2.1.2.) was moved into the bath solution under positive pressure. Application of the 

positive pressure is needed to avoid aspiration of extracellular solution and the tissue 

surrounding the cell. The pressure in the pipette was released when the pipette tip 

approached the cell. This procedure protected the selected cell from swelling or bursting 

caused by pipette solution.  

 Under visual control, the tip of the pipette was gently attached to the selected cell. 

Then, suction (negative pressure) was applied, through a mouthpiece connected to the 

pipette. The suction lasted until the entire cell entered the tip of the pipette. The moment 

the complete cell had been visually located inside the tip, the negative pressure was 

released to minimize the contamination with extracellular solution. The pipette was quickly 

removed from the bath. Content of the harvest pipette was pressure expelled into the tube 

containing pre-prepared reverse transcription reaction components (see 2.2.9.2.). 
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Figure 2.1 Single Purkinje cell harvest procedure: a. Suction of the entire Purkinje cell soma 
inside the harvest pipette. b. Retraction of the harvest pipette after the cell was successfully 
collected. c. Expulsion of the harvested cell under positive pressure into a collecting tube, 
containing previously prepared RT mix.  

 

2.2.9 Reverse Transcription (RT) 
 

2.2.9.1 Reverse Transcription of total RNA 
 

The reverse transcription of total RNA was performed from the whole brain and 

cerebellar samples. The range of RNA concentration used for the RT reactions was 

between 100ng/µl and 1ng/µl, in order to obtain final cDNA concentrations of 10ng/µl to 
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0,1ng/µl, needed for the real-time PCR runs. Reactions (20µl final volume) were 

performed following the protocol listed below. 

1.  dilute RNA isolated from tissue (see 2.2.3) into a range of concentrations from 

100ng/µl to 1ng/µl  

2.  pipette into each tube: 

- 4µl RTmix (see 2.1.2.) 
- 1µl RNasin® Plus, RNase inhibitor (40u/µl) 
- 1µl RNA (desired concentration) 
- 1µl 5X FSB (contains 10mM DTT) 
- 4µl Sigma water 

 
3. incubate for 5min, at 70°C 

4. incubate for 5min, at 0°C 

5. pipette into each tube: 

- 2µl 5X FSB (contains 10mM DTT) 
- 6µl Sigma water 

 

6. incubate for 5min, at 37°C 

7. add 1µl MMLV reverse transcriptase (200u/µl) into each sample tube, or 1µl Sigma 

water into control tubes. 

8. incubate for 3 hours, at 37°C 

9. store at -80°C 

 

2.2.9.2 Reverse Transcription of single-cell material 
 

The reverse transcription of single-cell material was performed immediately after the 

Purkinje cell harvest by following the protocol listed below. 

1. expel under pressure the  pipette solution containing the harvested cell  (see 

2.2.8.3.) into a tube containing: 

- 4ml RT mix (see 2.1.2.) 
- 1µl RNasin® Plus RNase inhibitor (40u/µl) 

 

2. spin down the solution the tube 

3. incubate for 5min, at 70°C 

4. spin down the solution the tube 

5. incubate for 5min, at 0°C (ice) 

6. add into tube: 

- 2µl 5XFSB (contains 10mM DTT) 
- 6,5µl Sigma water 
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7. incubate for 5min, at 37°C 

8. control 1: cell present, but no RT = add 1,5 µl sigma H2O 

control 2: no cell, but RT present = add 1,5 µl MMLV 

test cells: cell present and RT present = add 1,5 µl MMLV 

9. incubate for 3 hours, at 37°C 

10.  store at -80°C 

 

2.2.10 cDNA purification  
 
After the reverse transcription, sample cDNA was purified using the QIA-EX II gel 

extraction kit (Qiagen), in order to clean the sample from the residual reverse 

transcriptase activity (Durand et al., 2006). The purification was conducted following a 

modified QIA-EX II gel extraction kit protocol. 

 
1. Binding step: 

 

• unfreeze the Eppi, shortly centrifuge, put at 0°C and open the lid 

• add 90µl QX-I buffer; change the pipette tip after each probe 

• add 2,5µl QiaEX-II-Suspension (Silica-Matrix; vortex 30s before using) 

• change the pipette tip after each probe, close the lid, gently centrifuge 

• vortex the silica-matrix in the QXI-Cell suspension 

• incubate in the thermo-mixer at 1400rpm, for 20min, at 25°C  

• centrifuge the samples for 2min at full speed  

• discard the supernatant with the new pipette tip (do not touch the yellow pellet) 

 
2. Washing step: 

 

• add 90µl PE buffer, and vortex until matrix is homogenized 

• centrifuge the samples at full speed, for 2min  

• discard the supernatant with the new pipette tip (do not touch the white pellet) 

• add 90µl PE buffer, and vortex until matrix is homogenized 

• centrifuge the samples at full speed, for 2min  

• discard the supernatant with the new pipette tip (do not touch the white pellet) 

• close the sample tubes and leave them on ice until all probes are finished 

• centrifuge the samples at full speed, for 2min  
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• discard the rest of the supernatant with 10µl tips very carefully (do not touch 

the white pellet) 

• open the lids of the tubes and incubate in the thermo-mixer at 900rpm, for 

10min, at 37°C to dry the pellet 

 
3. Elution step: 

 

• suspend 10µl EB-buffer (10mM Tris, pH 8,0) with the Matrix-pellet by pipetting 

5 times  

• incubate in the thermo-mixer at 1400rpm, for 3min, at 50°C  

• centrifuge the samples for 2min at full speed 

• collect the supernatant into new 0,5µl clean tubes 

• repeat the procedure if higher volume is needed 

• store the samples  on -70°C  

 

2.2.11 Polymerase Chain Reaction (PCR) 
 

2.2.11.1 Primer selection 
 

 Specific primers for different TRPC subunits were selected using the Oligo 6.0 

primer analysis software (MedProbe, Oslo, Norway). Primer pairs need to have high 

specificity since TRPC channel subunits have high homology. In addition, high primer 

binding sensitivity is needed to prevent primer dimer formation (interactions between 

primers, giving rise to an unspecific amplification product) which act as competitive 

inhibitors of PCR. In order to obtain the high-resolution standard curves with the highest 

PCR efficiency, the following primer parameters were preferred when possible:    

1. selection   of   intron-spanning  primers  

2. primer  length: 17-21 bp 

3. 3 ´-terminal  dimer formation:  < ( 3.0) kcal/mol 

4. optimal annealing temperature: 58-65°C 

5. amplicon length: 100-250 bp 

6. product  melting  temperature: 85-91°C 

7. G/C-content: 45-60% 

8. high internal stability at the 5 ´-end and medium internal stability at the 3 ´-priming 

site 
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9.  minimal acceptable loop  (hairpin formation) at the  3 ´-end: 0.0 kcal/mol 

10.  maximal length of acceptable dimers (5 ´-end/internal  region): 4 bp.  

 

2.2.11.2 Nested PCR 
 

In order to reduce the contaminations due to the amplification of unexpected 

primer binding sites, so-called “nested PCR” technique was used. The nested PCR 

involves two sets of primers, used in two successive PCR runs. During the primary PCR 

run, the first set of primers yields a longer product, a “primary target”. The second set of 

primers amplifies the “secondary target” within the primary run product, during the 

successive, secondary PCR. The nested PCR is based on the fact that is highly unlikely 

that any of the unwanted PCR products from the primary PCR run contains the binding 

sites for both of the second set of primers. In this way it was ensured that the product of 

the secondary PCR has little or no contamination of unwanted products or mis-

amplification of homologous cDNA. 

 
a) Primary PCR run 

 

 The primers used in this stage of nested PCR yielded large products (1000bp – 

3000bp). Primary PCR primer sets were ordered from MWG-Biotech AG (Ebersberg) are 

described in Table 2.1. The PCR reaction mix consisted of: 

- 37,5µl H2O 
- 5µl 10x PCR-buffer 
- 4µl 25mM MgCl2 
- 1µl forward primer (10pmol) 
- 1µl reverse primer (10pmol) 
- 1µl dNTPs 
- 0,5µl Taq Polymerase 

 
 

The primary PCR runs were conducted under the conditions described in Table 

2.2. Each reaction run consisted of 40 cycles.  
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Table 2.1 Primary PCR run primer sequences 

 
 
Table 2.2 Primary PCR run cycle protocols  

 
 

a) Secondary PCR run 
 
 The secondary PCR run primer sets with specific characteristics (see 2.2.11.1.) 

are described in Table 3.1. In order to make the cloning of the final products easier,     Eco 

RI restriction sites (5´-GCGAATTC-3´) were added to the 5´end of the forward primers. 

Hind III (5´-ATGCAAGCTT-3´) restriction sites were added to the 5´end of the reverse 

primers. The PCR reaction consisted of: 



  2. Materials and Methods 
 

32 
 

- 37,5µl H2O 
- 5µl 10x PCR-buffer 
- 4µl 25mM MgCl2 
- 1µl forward primer (10pmol) 
- 1µl reverse primer (10pmol) 
- 1µl dNTPs 
- 0,5µl Taq Polymerase 

 

 The secondary PCR runs were conducted under the conditions described in Table 

2.3. Each reaction run consisted of 40 cycles. 

 

Table 2.3 Secondary PCR run cycle protocols  

 
 
 

2.2.12 Real-time quantitative PCR  
 

The absolute quantification was performed to determine the copy number of 

specific TRPC channel subunits in different brain areas and in single Purkinje neurons.  

 

2.2.12.1 Basis of real-time quantitative PCR  
 
 A PCR cycle consists of three phases. The amplification reaction starts with a 

background phase. In this phase, the signal from the PCR product is lower than the 

background signal. The second phase starts when the sufficient amount of PCR product is 

accumulated to be detected above the background signal. In this phase, amplification is 

exponential (Rasmussen, 2001). Within the exponential phase, a point in the amplification 
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double stranded DNA was followed with SYBR Green I dye. SYBR Green I is a 

fluorescent dye that, just like ethidium bromide, binds to the minor groove of the DNA 

helix. Upon binding to DNA, fluorescence of SYBR Green I is greatly enhanced and it is 

proportional to the DNA concentration. The signal was then measured once per cycle 

during the PCR run and immediately displayed on the computer screen. 

The PCR runs were conducted in special 20µl glass capillaries, with high surface 

to volume ratio, which enables the fast and equally distributed change of temperature 

inside the samples. The capillaries were placed into a specially designed carousel, with 

capacity of 32 samples. In our experiments, not more than 14 samples were used due to 

discrepancies in the signal when more samples were used (Durand et al., 2006). 

The product verification was done by melting curve analysis, gel electrophoresis 

and finally sequencing. The melting curve of specific products was obtained after the 

amplification was finished. When using SYBR Green I dye chemistry, it is possible to 

elevate the temperature in the capillaries above the melting temperature of the PCR 

product and measure fluorescence. The dye is released upon denaturation of the PCR 

product, providing accurate melting temperatures specific for every amplified product. 

Computer software automatically plots the first negative derivate (-dF/dT) of the curve with 

temperature, and a characteristic melting peek is presented. The longer the length and the 

higher the concentration of GC pairs in the PCR product, the higher is the melting 

temperature of the amplification product. 

 

2.2.12.3 Quantification on the LightCyclerTM 
 
In this study, the LightCyclerTM system and SYBR Green I chemistry was used. 

The signal of the amplified PCR product was proportional to the SYBR Green I signal 

and was displayed on the computer screen during the amplification.  

The crossing points of the samples were obtained by using the “fit point” 

method of the LightCycler 3.5 software. The “fit point” method allows the user to 

discard all the background information and determine the crossing point value, by 

setting a “noise band”. The noise band is set when the reaction is finished and the 

logarithm of the fluorescence is plotted to the cycle number. This line is placed in the 

logarithmic phase of the reaction. Once set, the same noise band was used in all 

quantification experiments. 

The absolute copy values of the unknown samples were calculated using the 
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 Quantified cDNA was then diluted in 16 steps, from 1010 to 4 copies per 2µl in 

volumes ranging from 100µl to 200µl and put into reaction tubes pre-coated with 10 

mM Tris-HCl, pH 8.0, and 1 mg/ml purified BSA (New England Biolabs, Frankfurt). 

In this case, one copy is referred to one copy of single-stranded cDNA, and 

therefore two copies are equivalent to one double-strand cDNA copy. The cDNA 

standards were stored at -20°C and used to create external standard curves.  

 

2.2.12.5  Rapid-cycle, real-time PCR 
 

 The cDNAs encoding TRPC1, TRPC3, TRPC4, TRPC5, TRPC6 and 

TRPC7 were amplified using specific, HPLC-purified primers (Metabion, Munich) 

shown in Table 3.1. All reactions were performed in a volume of 20µl. Reactions 

included 2µl 10xDNA Master SYBR-Green mix (Roche) previously incubated for 

5min with 0,16µl/reaction of Taq Start antibody (Clontech, a Takara Bio Company, 

Mountain View, CA, USA) to ensure ‘hot start conditions’. All the PCR assays were 

optimized for magnesium concentration, primer concentration, annealing 

temperature, and the product specificity temperature, at which the specific products 

melt (see Table 3.2). PCR products verification was performed by melting curve 

analysis, DNA gel electrophoresis and, in selected cases, DNA sequencing. 
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3. Results 
 

3.1 Nested PCR 
 
 In the first stages of the experimental work, expression of the TRPC1-7 subunits in 

the mouse brain was confirmed. In order to verify the accuracy of the primers created to 

specifically detect different TRPC subunits, the nested PCR was performed. 

 The nested PCR consists of two consecutive PCR runs. The primary run used 

primers (see Table 2.1) that yielded long PCR products. The verification of these products 

was done by agarose gel electrophoresis. Figure 3.1 represents the agarose 

electrophoresis gels loaded with the products of the primary nested PCR runs. The 

fragments have range of lengths between 1296bp for TRPC3 and 2707 for TRPC5. As 

expected, the primary run TRPC subunit specific primers detected their target in the total 

brain cDNA. 

 

 

Figure 3.1 Agarose gel electrophoresis of primary run nested PCR products. Water and a 
reaction without the reverse transcriptase are shown as the negative controls. TRPC subunits 
amplicons are presented with the bands of different sizes; 2259 bp for TRPC1, 1296 bp for TRPC3, 
2425 bp for TRPC4, 2707 bp for TRPC5, 1818 bp for TRPC6 and 1802 bp for TRPC7. 
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 In order to verify the specificity of the products obtained from the primary nested 

PCR runs, the secondary runs were performed using the primary run products as 

templates. In that way any possibility of false specificity, contamination and cross-reaction 

between primers was dismissed (see 2.2.11.2). The primers of the secondary run were 

created to satisfy the parameters for good real-time PCR (see 2.2.11.1). In this way, it was 

possible to use secondary run primers for quantitative real-time PCR analysis (see 3.2). 

Identity of the secondary run PCR products was first verified on agarose gels (Figure 3.2).  

The secondary run PCR primers were designed to yield products of about 200bp. Due to 

the assertion of the EcoRI and HindIII restriction sites to the forward and reverse primers, 

respectively, secondary run PCR  products were 18bp longer then presented in the Table 

3.1. 

 

 
 
Figure 3.2 Agarose gel electrophoresis of secondary run nested PCR products. Water and a 
reaction without the reverse transcriptase are shown as the negative controls. TRPC subunits 
amplicons are presented with the bands of different sizes; 227 bp for TRPC1, 225 bp for TRPC3, 
235 bp for TRPC4, 228 bp for TRPC5, 227 bp for TRPC6 and 223 bp for TRPC7. 
 

 The negative controls in primary and secondary nested PCR runs were water 

(PCR reaction control) and the reactions without reverse transcriptase (no RT), as control 

for genomic contamination. Both negative controls yielded no products in all primary and 

secondary nested PCR runs, meaning that the PCR runs were performed in clean 

conditions and that no genomic contamination was present.  
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 The nested PCR experiments confirmed the specificity of the second run PCR 

primers and the presence of TRPC1-7 subunits in the mouse whole brain cDNA. 

 

3.2 Gene-specific primers selected for the real-time PCR 
 
 The primers were created using the Oligo 6.0 Primer Analysis Software. The 

primers with high specificity, high selectivity, acceptable size and thermodynamic 

characteristics were selected (see 2.2.11.1). Since the target of the primers is cDNA, 

intron-spanning primers were favored, when possible, in order to prevent genomic 

contamination artifacts. 

 After the confirmation of primer specificity by nested PCR (the secondary nested 

PCR runs), primer sets were used in further optimization of the gene-specific real-time 

PCR. The primers were created, for TRPC1, TRPC3, TRPC4, TRPC5, TRPC6, and 

TRPC7 and their sequences and gene accession numbers are listed in Table 3.1 below. 

The gene-specific primers sequences for GAPDH were taken from the literature (Durand 

et al., 2006), and adapted to fit with mouse cDNA. 

 

Table 3.1 Optimized primers for LightCycler reactions 
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3.3 Optimization of real-time PCR cycles 
 
 All real-time PCR cycles were optimized for magnesium and primer concentration, 

annealing and melting temperatures (Table 3.2). Finally, the concentrations that yielded 

the curves with the best efficiency were used in further PCR assays. The annealing and 

melting temperature depend on the primers and the PCR product, respectively. In order to 

obtain the conditions for the higher specificity of the primers, annealing temperatures were 

usually set to 1-2°C higher than the recommended values obtained from the Oligo 6.0 

Primer Analysis Software. The melting temperatures were always set 1-2°C below the 

products melting temperature in order to ensure that none of the SYBR Green I signal is 

lost during the cycling. For all TRPC subunits, the PCR assays consisted of 50 cycles and 

for the GAPDH, the PCR assay consisted of 40 cycles. 

 

Table 3.2 Optimized parameters of real-time PCR using the LightCycler 
 

 
 

3.4 Verification of the PCR products by sequencing  
 
 After the correct sizes of the secondary nested PCR products were confirmed by 

agarose gel electrophoresis (see Figure 3.2), additional product identity was verified by 

sequencing. All secondary nested PCR products were cloned into pSPT18 phagemid 
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(Roche Diagnostics, Mannheim), and positive clones were sequenced (MWG-Biotech AG, 

Ebersberg). Sequencing confirmed the product identity.  

 Similar procedure was performed for the products obtained from real-time PCR. 

The products of all quantitative real-time PCR runs were verified by agarose gel 

electrophoresis. Additionally, the products specific for different TRPC subunits, obtained 

after the real-time PCR of the whole brain, cerebellar and single Purkinje cells samples 

were successfully cloned into pGEM Easy vector system 1 (Promega, Mannheim). The 

positive clones were sequenced (SeqLab, Göttingen). Also in this case, sequencing 

confirmed the identity of the PCR products.  

 

3.5 High-resolution external standard curves 
 

In order to quantify the copy number of TRPC1-7 subunits in the different brain 

areas and single Purkinje cells, gene-specific high-resolution standard curves were 

produced for each of the TRPC subunits. Depending on the parameters of the individual 

standard curves and the crossing point values obtained from the samples, the absolute 

copy number of different TRPC subunits was calculated (see 2.2.12.3). 

The standard dilutions of TRPC1-7 subunits in the range from 104 to 4 copies per 

2µl standard volume were amplified in real-time PCR runs. For each of the TRPC 

subunits, the real-time PCR runs of standard dilutions were repeated ten times. The 

mean values of SYBR Green I fluorescence for each cycle were plotted against the 

cycle numbers in Figure 3.3 – 3.8 (panel a.). The exponential phase of the runs, 

where quantification is possible, is presented in panel b of Figures 3.3 – 3.8. The 

method of choice for the quantification was the fit point method (see 2.2.12.3). The 

dashed line on the panel b of the Figures 3.3 – 3.8 represents the noise band set at 

0.25 for all of the TRPC subunits specific runs. The same noise band value was used 

in all further quantification experiments.   

When the noise band was set, it was possible to obtain the crossing point 

values for TRPC subunit specific standards. The crossing point values of the 

standards were collected from all ten repeated runs and the mean values were 

calculated for each standard. To create master standard curves, the mean values of 

crossing points for different standard dilutions were plotted against the logarithm of 

the copy numbers corresponding to these dilutions. The panel c in the Figures 3.3 – 

3.8 represent the specific master standard curves for each of the TRPC subunits.  
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The real-time PCR products of the standard dilution runs were verified by 

melting curve analysis and agarose gel electrophoresis (panel d in Figures 3.3 – 3.8). 

The negative controls in these reactions were water (PCR reaction control), and the 

elution buffer used during the preparation of the standard dilutions (dilution buffer control). 

Both controls were indeed negative, meaning that the reactions were performed under 

clean conditions. 

 

 

 

Figure 3.3 PCR calibration with TRPC1 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the PCR amplification 
of defined amounts of TRPC1 amplicons (serial dilutions containing 4-10,000 copies in this 
example). The small grey rectangle is enlarged in b. b Fluorescence monitoring of the PCR 
amplification of the TRPC1 amplicon dilutions shown in a during the exponential phase of the PCR. 
At a gene-specific fluorescence value (dashed line), the crossing point is calculated by the fit point 
method. c Standard curve of the TRPC1 amplicon serial dilutions. Individual data points represent 
mean ±SEM of ten samples of equal amounts of TRPC1 amplicon copies. d Agarose gel 
electrophoresis of PCR products obtained in a after 50 cycles of PCR amplification. The TRPC1 
amplicon size is 209bp. 
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Figure 3.4 PCR calibration with TRPC3 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the PCR amplification 
of defined amounts of TRPC3 amplicons (serial dilutions containing 4-10,000 copies in this 
example). The small grey rectangle is enlarged in b. b Fluorescence monitoring of the PCR 
amplification of the TRPC3 amplicon dilutions shown in a during the exponential phase of the PCR. 
At a gene-specific fluorescence value (dashed line), the crossing point is calculated by the fit point 
method. c Standard curve of the TRPC3 amplicon serial dilutions. Individual data points represent 
mean ±SEM of ten samples of equal amounts of TRPC3 amplicon copies. d Agarose gel 
electrophoresis of PCR products obtained in a after 50 cycles of PCR amplification. The TRPC3 
amplicon size is 207bp. 
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Figure 3.5 PCR calibration with TRPC4 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the PCR amplification 
of defined amounts of TRPC4 amplicons (serial dilutions containing 4-10,000 copies in this 
example). The small grey rectangle is enlarged in b. b Fluorescence monitoring of the PCR 
amplification of the TRPC4 amplicon dilutions shown in a during the exponential phase of the PCR. 
At a gene-specific fluorescence value (dashed line), the crossing point is calculated by the fit point 
method. c Standard curve of the TRPC4 amplicon serial dilutions. Individual data points represent 
mean ±SEM of ten samples of equal amounts of TRPC4 amplicon copies. d Agarose gel 
electrophoresis of PCR products obtained in a after 50 cycles of PCR amplification. The TRPC4 
amplicon size is 217bp. 
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Figure 3.6 PCR calibration with TRPC5 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the PCR amplification 
of defined amounts of TRPC5 amplicons (serial dilutions containing 4-10,000 copies in this 
example). The small grey rectangle is enlarged in b. b Fluorescence monitoring of the PCR 
amplification of the TRPC5 amplicon dilutions shown in a during the exponential phase of the PCR. 
At a gene-specific fluorescence value (dashed line), the crossing point is calculated by the fit point 
method. c Standard curve of the TRPC5 amplicon serial dilutions. Individual data points represent 
mean ±SEM of ten samples of equal amounts of TRPC5 amplicon copies. d Agarose gel 
electrophoresis of PCR products obtained in a after 50 cycles of PCR amplification. The TRPC5 
amplicon size is 210bp. 
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Figure 3.7 PCR calibration with TRPC6 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the PCR amplification 
of defined amounts of TRPC6 amplicons (serial dilutions containing 4-10,000 copies in this 
example). The small grey rectangle is enlarged in b. b Fluorescence monitoring of the PCR 
amplification of the TRPC6 amplicon dilutions shown in a during the exponential phase of the PCR. 
At a gene-specific fluorescence value (dashed line), the crossing point is calculated by the fit point 
method. c Standard curve of the TRPC6 amplicon serial dilutions. Individual data points represent 
mean ±SEM of ten samples of equal amounts of TRPC6 amplicon copies. d Agarose gel 
electrophoresis of PCR products obtained in a after 50 cycles of PCR amplification. The TRPC6 
amplicon size is 209bp. 
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Figure 3.8 PCR calibration with TRPC7 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the PCR amplification 
of defined amounts of TRPC7 amplicons (serial dilutions containing 4-10,000 copies in this 
example). The small grey rectangle is enlarged in b. b Fluorescence monitoring of the PCR 
amplification of the TRPC7 amplicon dilutions shown in a during the exponential phase of the PCR. 
At a gene-specific fluorescence value (dashed line), the crossing point is calculated by the fit point 
method. c Standard curve of the TRPC7 amplicon serial dilutions. Individual data points represent 
mean ±SEM of ten samples of equal amounts of TRPC7 amplicon copies. d Agarose gel 
electrophoresis of PCR products obtained in a after 50 cycles of PCR amplification. The TRPC7 
amplicon size is 205bp. 

 

 The slopes of the curves and the Y interceptions (see 2.2.12.3) for the 

calculation of TRPC1-7 subunit copy numbers from the unknown samples were 

obtained from the TRPC subunit specific master standard curves. The slopes of the 

master standard curves were also used to calculate the efficiencies of the TRPC 

subunit specific PCR assay (see 2.2.12.1). The values of the slopes, Y-interceptions 
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and the calculated efficiencies of TRPC1-7 gene specific master standard curves are 

listed in the Table 3.3. 

 
Table 3.3 Parameters of the TRPC1-7 gene-specific high-resolution master        
external standard curves 

 

 
 
 

3.6 Verification of external standard curves efficiencies 
 
 Since the master high resolution external curves for TRPC1-7 subunits were 

created using the plasmid DNA, the verification of the standard curves efficiencies needed 

to be performed on the native material. Therefore, the RNA standard curves were created.  

 The total RNA was isolated from the mouse whole brain and cerebellum (see 

2.2.3). The isolated RNA was quantified in “Gene Quant” Spectrophotometer (Pharmacia) 

at 260nm (see 2.2.6). After the quantification, RNA was diluted in five steps, from 10ng to 

100pg per 2µl standard volume. Only in the case of TRPC7, due to the low expression 

levels in the brain, RNA was diluted in three steps, from 50ng to 5ng. The reverse 

transcription reaction was done on these dilutions (see 2.2.9.1). Next, the cDNA was 

purified as described above. Analogous to the creation of the high resolution external 

standard curves, different cDNA dilutions were amplified in real-time PCR runs. For each 

of the TRPC subunits, real-time PCR runs of cDNA dilutions were repeated five times. 

The mean values of SYBR Green I fluorescence for each cycle were plotted against 

the cycle numbers as presented in the panel a of Figures 3.9 – 3.14. The exponential 

phase of the runs, where quantification is possible, is presented in the panel b of 
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Figures 3.9 – 3.14. The dashed line on the panel b of the Figures 3.9 – 3.14 

represents the noise band set at 0.25 for all of the TRPC subunits specific runs (see 

3.5). The crossing point values of the cDNA dilutions were collected from the 

repeated runs and the mean values were calculated for each standard. The mean 

values of crossing points for different RNA dilutions were plotted against the logarithm 

of the RNA concentration corresponding to these dilutions to create specific RNA 

standard curves (panel c in Figures 3.9 – 3.14). The RT reactions yielded highly 

reproducible results. 

The real-time PCR products of the RNA dilution runs were verified by melting 

curve analysis and agarose gel electrophoresis (panel d in Figures 3.9. – 3.14). The 

negative controls in these reactions were water as the PCR run control, the RNase free 

elution water used in preparation of the RNA dilutions, as a control for the contamination 

of the standard dilutions. The reactions without reverse transcriptase (no RT) served as 

control for genomic contamination.  

 Analogous to high-resolution gene-specific standard curves, the RNA standard 

curves parameters were obtained and are described in Table 3.4. The efficiencies of the 

TRPC specific real-time PCR assays obtained for high resolution standard curves are 

comparable with the efficiencies values of RNA standard curves. This shows that TRPC 

specific real-time PCR assays are applicable to the native cDNA samples and are useful 

for the quantification in single Purkinje cells. 

 
Table 3.4 Parameters of the TRPC1-7 gene-specific RNA standard curves 

 

 
 
 



  3. Results 
 

50 
 

 

 
 
 
Figure 3.9 PCR calibration with brain total RNA TRPC1 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the TRPC1 specific 
RT-PCR amplification  of defined amounts of total brain RNA (serial dilutions containing 100-
10,000pg total brain RNA). The small grey rectangle is enlarged in b. b Fluorescence monitoring of 
the PCR amplification of the TRPC1 specific RT-PCR amplification shown in a during the 
exponential phase of the PCR. At a gene-specific fluorescence value (dashed line), the crossing 
point is calculated by the fit point method. c Correlation between the amount of total brain RNA and 
the corresponding TRPC1 cycle crossing points. Individual data points represent mean ±SEM of 
five samples of equal amounts of total brain RNA. d Agarose gel electrophoresis of PCR products 
obtained in a after 50 cycles of PCR amplification. The TRPC1 amplicon size is 209bp. 
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Figure 3.10 PCR calibration with brain total RNA TRPC3 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the TRPC3 specific 
RT-PCR amplification  of defined amounts of total brain RNA (serial dilutions containing 100-
10,000pg total brain RNA). The small grey rectangle is enlarged in b. b Fluorescence monitoring of 
the PCR amplification of the TRPC3 specific RT-PCR amplification shown in a during the 
exponential phase of the PCR. At a gene-specific fluorescence value (dashed line), the crossing 
point is calculated by the fit point method. c Correlation between the amount of total brain RNA and 
the corresponding TRPC3 cycle crossing points. Individual data points represent mean ±SEM of 
five samples of equal amounts of total brain RNA. d Agarose gel electrophoresis of PCR products 
obtained in a after 50 cycles of PCR amplification. The TRPC3 amplicon size is 207bp. 
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Figure 3.11 PCR calibration with brain total RNA TRPC4 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the TRPC4 specific 
RT-PCR amplification  of defined amounts of total brain RNA (serial dilutions containing 100-
10,000pg total brain RNA). The small grey rectangle is enlarged in b. b Fluorescence monitoring of 
the PCR amplification of the TRPC4 specific RT-PCR amplification shown in a during the 
exponential phase of the PCR. At a gene-specific fluorescence value (dashed line), the crossing 
point is calculated by the fit point method. c Correlation between the amount of total brain RNA and 
the corresponding TRPC4 cycle crossing points. Individual data points represent mean ±SEM of 
five samples of equal amounts of total brain RNA. d Agarose gel electrophoresis of PCR products 
obtained in a after 50 cycles of PCR amplification. The TRPC4 amplicon size is 217bp. 
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Figure 3.12 PCR calibration with brain total RNA TRPC5 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the TRPC5 specific 
RT-PCR amplification  of defined amounts of total brain RNA (serial dilutions containing 100-
10,000pg total brain RNA). The small grey rectangle is enlarged in b. b Fluorescence monitoring of 
the PCR amplification of the TRPC5 specific RT-PCR amplification shown in a during the 
exponential phase of the PCR. At a gene-specific fluorescence value (dashed line), the crossing 
point is calculated by the fit point method. c Correlation between the amount of total brain RNA and 
the corresponding TRPC5 cycle crossing points. Individual data points represent mean ±SEM of 
five samples of equal amounts of total brain RNA. d Agarose gel electrophoresis of PCR products 
obtained in a after 50 cycles of PCR amplification. The TRPC5 amplicon size is 210bp. 
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Figure 3.13 PCR calibration with brain total RNA TRPC6 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the TRPC6 specific 
RT-PCR amplification  of defined amounts of total brain RNA (serial dilutions containing 100-
10,000pg total brain RNA). The small grey rectangle is enlarged in b. b Fluorescence monitoring of 
the PCR amplification of the TRPC6 specific RT-PCR amplification shown in a during the 
exponential phase of the PCR. At a gene-specific fluorescence value (dashed line), the crossing 
point is calculated by the fit point method. c Correlation between the amount of total brain RNA and 
the corresponding TRPC6 cycle crossing points. Individual data points represent mean ±SEM of 
five samples of equal amounts of total brain RNA. d Agarose gel electrophoresis of PCR products 
obtained in a after 50 cycles of PCR amplification. The TRPC6 amplicon size is 209bp. 
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Figure 3.14 PCR calibration with brain total RNA TRPC7 amplicons.  

a Real-time monitoring of the fluorescence emission of SYBR Green I during the TRPC7 specific 
RT-PCR amplification  of defined amounts of total brain RNA (serial dilutions containing 100-
10,000pg total brain RNA). The small grey rectangle is enlarged in b. b Fluorescence monitoring of 
the PCR amplification of the TRPC7 specific RT-PCR amplification shown in a during the 
exponential phase of the PCR. At a gene-specific fluorescence value (dashed line), the crossing 
point is calculated by the fit point method. c Correlation between the amount of total brain RNA and 
the corresponding TRPC7 cycle crossing points. Individual data points represent mean ±SEM of 
five samples of equal amount of total brain RNA. d Agarose gel electrophoresis of PCR products 
obtained in a after 50 cycles of PCR amplification. The TRPC7 amplicon size is 205bp. 

  
 

3.7 Calculation of TRPC subunit copy numbers 
 
 After the verification of the high-resolution TRPC specific standard curves, the 

copy number of individual TRPC subunits in unknown samples, such as single cells or 

tissue total RNA, was determined. The copy numbers were calculated by using the slope 

and the Y-intercept value of the gene-specific standard curves (see 2.2.12.3). The 
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respectively. TRPC6 is present with 76,7±8 copies/ng total RNA and the subunit with the 

lowest expression in the whole brain was TRPC7 (32,5±3,5 copies/ng total RNA). 

 In the cerebellum (panel b, Figure 3.15), TRPC1 and TRPC3 have similar 

expression levels of 744±72,3 copies/ng total RNA and 882,7±53,7 copies/ng total RNA, 

respectively. This expression is approximately one order of magnitude higher than the 

expression level of TRPC5 and TRPC7 subunits, present in the cerebellum with 85,7±5,8 

copies/ng total RNA and 81,9±14,9 copies/ng total RNA, respectively. The TRPC subunits 

TRPC4 and TRPC6 have been found to have the lowest expression levels in the 

cerebellum with 33,5±4,3 copies/ng total RNA and 32,1±7,9 copies/ng total RNA. 

 

 
 
Figure 3.15 Expression levels of TRPC subunits in the whole brain and cerebellum. Mean 
copy number ±SEM of TRPC subunits per 1ng total RNA in the whole brain (a) and cerebellum (b) 
of the wild type animals. (detailed information in the text) 

 
 

3.9 Quantitative single-cell RT-PCR 
 

 The Figure 3.16 shows a scheme of the individual steps of the quantitative single 

Purkinje cell RT-PCR. During the cell harvest procedure, cells were first visualized. 

Selected cells were harvested using wide-tipped glass pipettes (see 2.2.8.3). Directly after 

the harvest, the material was pressure injected into a PCR tube containing previously 

prepared RT mix solution (see Figure 2.1). The RT solution also contained the detergent 

Igepal (chemical substitute of Nonidet P40) to rupture the cell membrane (see 2.1.2). 
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Then, the standard RT reaction using random hexamers was performed for three hours 

(see 2.2.9.2). It has been reported that some components of the RT reaction, and 

especially the reverse transcriptase itself, reduce the PCR efficiency, presumably by 

inhibiting Taq-polymerase (Chandler et al., 1998; Pfaffl, 2001; Liss, 2002). Due to this 

problem, a mandatory step after the RT reactions was the purification of cDNA (see 

2.2.10). 

 
 

Figure 3.16 Illustration of the experimental approach for the harvest of a single Purkinje cell 
and the gene-specific quantification strategy. Single Purkinje cell somata are harvested from 
acute cerebellar slices. After reverse transcription and single-cell cDNA purification, rapid cycle 
PCR is performed in a LightCycler (Roche). TRPC copy numbers are determined by using the 
gene-specific standard curves. GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was 
used to control the RT reaction. 

 

 After the cDNA purification, the RT reaction volume was divided in two parts and 

the real-time monitoring of PCR kinetics was performed using the LightCycler (Roche). 

The first part, corresponding to the 88% of the RT reaction was used for TRPC subunit 

expression quantification. The mRNA levels in single cells obtained in this way were 
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quantified using previously established gene-specific, high-resolution external standard 

curves (see 2.2.12.3). The second part of the RT, corresponding to the 12% of the RT 

reaction was used as a control for the efficiency of the RT reaction itself. The 

“housekeeping” gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), was the 

gene of choice to control the performance of the RT reaction (see 3.9.1.2). 

 

3.9.1 Control experiments 
 

 The complexity of the single-cell quantitative RT-PCR procedure (see Figure 3.16) 

necessitated the design of additional control experiments, in order to verify the results 

obtained after the quantification.  

 

3.9.1.1 Cell harvest controls 
 

 Since high negative pressure was applied on the cells during the cell harvest, a 

control was necessary to verify that the harvest strategy carried minimal risk of 

contamination with the neuropil surrounding the cell. Therefore, the harvest procedure 

was simulated in the extracellular region of the slice preparation, close to the Purkinje cell. 

In this way neuropil surrounding the cell was collected. The test times for the negative 

pressure applications were 1s, 3s, and 5s. After the harvest, samples containing neuropil 

have gone through the same experimental procedures as harvested cells have. Meaning, 

the RT reactions, the cDNA purification and finally the real-time quantitative PCR specific 

for TRPC1-7 subunits and GAPDH were performed on these samples. 

 The Figure 3.17 depicts the amplification curves obtained from neuropil control 

samples during the real-time PCR runs specific for TRPC1-7 subunits and GAPDH. No 

correlation was observed between 1s (black traces), 3s (green traces) and 5s (red traces) 

of the negative pressure applications. No significant presence of TRPC1, TRPC3, TRPC4, 

TRPC5 and TRPC7 was detected in the harvested neuropil. However, TRPC6 was 

detected in the harvested neuropil, with mean copy number of 4,9 (panels a-f, Figure 

3.17). The majority of the samples showed amplification curves for GAPDH, but the 

crossing points of these curves were above the acceptable range meaning that they can 

be discarded (see 3.9.1.2).  
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Figure 3.17 Screening of the neuropil surrounding the test cells for DNA/RNA 
contamination. a-f Real-time fluorescence monitoring of the PCR amplification of the different 
TRPC subunits from the neuropil surrounding the test cells. a1-f1 GAPDH control runs. 

 legend: ■ – 1s neuropil suction; ■ – 3s neuropil suction; ■ – 5s neuropil suction. 
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3.9.1.2 RT efficiency controls 
 
 In order to insure that all the investigated samples had comparable RT efficiencies, 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was chosen. The 20% of the 

single cell material (2µl per purified cell material) was used in these control reactions 

(see Figure 3.16). Since it was not necessary to quantify copy numbers of GAPDH in 

the samples, crossing points were automatically calculated by the LightCycler 

Software 3.5 (Roche, Mannheim), using the standard derivate maximum method 

(Rasmussen, 2001). The Figure 3.18 shows a plot of the crossing point values over 

the corresponding cell numbers. Previous reports showed, and our data confirmed the 

statement that intrinsic GAPDH transcripts cannot be used as a denominator due to 

the considerable variation in the expression level between individual cells (Bustin, 

2002; Liss, 2002; Piper and Holt, 2004; Durand et al., 2006). Since we needed to 

compare a high number of cells for the expression of TRPC subunits, it was necessary 

to define a comparable RT reaction efficiency for all the cells. Therefore, the GAPDH 

crossing points of all samples and control reactions were analyzed. Based on these 

data, GAPDH expression levels in single cells, in the range of crossing point 26,5 until 

32 (±1,5σ), were considered to be suitable for further analysis and TRPC subunit 

quantification.  

 

 
 
 

Figure 3.18 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression in single 
Purkinje cells and control reactions. Crossing points of GAPDH amplification curves specific for 
single Purkinje cells were ploted against the corresponding cell number. 

. 
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3.9.2 TRPC subunit expression pattern in single Purkinje neurons 
of the wild type mice 

 
 The panels a-f of the Figure 3.19 depict the amplification curves of PCR cycles for 

TRPC1, TRPC3, TRPC4, TRPC5, TRPC6 and TRPC7 in single Purkinje cells of adult wild 

type mice, as yielded by the LightCycler (Roche, Mannheim). For each Purkinje cell, 

GAPDH control was performed (panels a1-f1 in Figure 3.19) and only the cells with an 

acceptable range of the GAPDH crossing point values have been analyzed (see 3.9.1.2). 

Since a part of the harvested cell had to be used for the GAPDH control reactions, 

quantification was done with the 80% of the single Purkinje cell sample volume.   

 All TRPC subunits were found to be present in the cerebellar Purkinje cells. The 

TRPC2 subunit was not analyzed due to the fact that it is primarily expressed in the 

mammalian VNO and testis (Vannier et al., 1999; Jungnickel et al., 2001; Kimchi et al., 

2007). Out of the 28 investigated cells, 24 were positive for TRPC1. The TRPC3 subunit 

was found in the 31 out of 34, and TRPC4 in the 22 out of 32 investigated cells. Half of the 

30 investigated cells were positive for TRPC7. However, TRPC5 and TRPC6 were not 

found in the majority of the cells. TRPC5 was detected in the 7 out of 29, and TRPC6 in 

the 9 out of 24 investigated cells. 

 The products obtained from the real-time PCR runs on the single Purkinje cell 

material were verified by melting curve analysis (LightCycler 3.5 software) and agarose 

gel electrophoresis (Figure 3.20). In addition, representative samples were analyzed by 

DNA sequencing. As presented in the Figure 3.20, negative and positive controls were 

used in the real-time PCR runs. In all real-time PCR runs, water served as negative 

control. The elution buffer used in the purification of the cells served as cDNA purification 

control. Furthermore, the reactions without the reverse transcriptase (no RT) controlled for 

genomic contamination. Finally, the harvest procedure control was tested (see 3.9.1). 

Four TRPC specific standards were always amplified in parallel with the cells. These 

positive controls tested the run-specific real-time PCR efficiency.  

 The agarose gel electrophoresis was done for all real-time PCR runs, as an 

additional confirmation of the reaction products identity. The agarose gels prepared after 

TRPC subunit specific real-time PCR runs, using the single cell material of wild type 

animals, are presented in the Figure 3.20. 
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Figure 3.19 Real-time PCR amplification of cDNA from single Purkinje neurons in wild type 
animals. a-f. Amplification curves of PCR cycles for TRPC subunits amplification in single Purkinje 
neuron and control GAPDH amplification in the corresponding cells, a1-f1, as yielded by the 
LightCycler (Roche). At a gene-specific fluorescence value (dashed line), the crossing point is 
determined. 

 

 

 
Figure 3.20 Agarose gel electrophoresis of real-time PCR products obtained from the single 
Purkinje cell material of the wild type animals. Water, elution buffer, the reaction without the 
reverse transcriptase, and the reaction without the harvested cell were used as negative controls. 
TRPC subunit specific standard dilutions served as positive controls. The corresponding copy 
number values of these standards are indicated. TRPC subunits amplicons are presented with the 
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bands of different sizes; 209bp for TRPC1, 207bp for TRPC3, 217bp for TRPC4, 210bp for TRPC5, 
209bp for TRPC6 and 205bp for TRPC7. 

 

 The quantification of the TRPC1-7 subunits from the Purkinje cell material was 

performed by using fit point quantification method with a noise band always set to the 

value of 0,25 for the analysis of all TRPC subunits (see 2.2.12.3). The noise band is 

represented as a dashed line in the panels a-f of the Figure 3.19. When the crossing 

points were obtained, copy numbers of different TRPC subunits were calculated based on 

the parameters from the standard curves (see 3.7).  

 After the RT-PCR quantification, the mean copy numbers of the specific TRPC 

subunits in Purkinje cells were calculated. The histogram in the Figure 3.21 shows the 

TRPC subunit expression pattern in single Purkinje neurons. The TRPC3 subunit was the 

far most abundant TRPC subunit in cerebellar Purkinje cells of wild type animals, with an 

average copy number of 347,2±55,3 copies/cell. The TRPC1 subunit was present in one 

order of magnitude less than TRPC3, with 45,2±7,9 copies/cell. The TRPC4 subunit was 

detected with only 10,5±1,5 copies/cell. Other TRPC subunits showed very low 

expression levels in single Purkinje cells, below 5 copies/cell. TRPC5 was present with 

2,8±0,96 copies/cell, TRPC6 with 4,3±0,6 copies/cell and finally TRPC7 with 3,66±0,64 

copies/cell. 

 
Figure 3.21 Expression levels of TRPC subunits in single Purkinje neurons of wild type 
animals. Histogram represents mean copy numbers ± SEM of TRPC subunits in single Purkinje 
neurons of wild type animals. Reactions positive for each corresponding TRPC subunits were took 
into account (TRPC1 24 of 28 experiments, 24/28; TRPC3 31/34; TRPC4 22/32; TRPC5 7/29; 
TRPC6 9/24; TRPC7 15/30). 
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3.9.3 TRPC subunit expression pattern in single Purkinje neurons 
of the TRPC1 knockout mice 

 

 The panels a-f of the Figure 3.22 depict the amplification curves of PCR cycles for 

TRPC3, TRPC4, TRPC5, TRPC6 and TRPC7 in single Purkinje cells of adult TRPC1 

knockout mice as yielded by the LightCyclerTM (Roche, Mannheim).

 As for the analysis of the wild type Purkinje cells, GAPDH control was performed 

(panels a1-f1 in Figure 3.22). Only the cells with the GAPDH crossing points in the range 

of 26,5 until 32  have been used in further quantification (see 3.9.1.2).  

 The TRPC3 subunit was found in the 32 out of 34 and the TRPC4 in the 17 out of 

20 investigated cells. The TRPC6 and TRPC7 subunits were found to be expressed in the 

9 out of 19 and 24 investigated cells, respectively. As already observed in the wild-type 

animals, the TRPC5 subunit was detected in very small number of cells (2 out of 24 cells). 

 After the verification by melting curve analysis (LightCycler 3.5 software), products 

were visualized by agarose gel electrophoresis (Figure 3.23). As shown in the Figure 

3.23, the controls were tested as described above (see 3.9.2). The agarose gels prepared 

after TRPC subunit specific, the real-time PCR runs using the single cell material of 

TRPC1 knockout animals are presented in the Figure 3.23. 

 The quantification procedure for the TRPC1-7 subunits cDNA was repeated for the 

single Purkinje cells of the TRPC1 knockout animals (compare with 3.9.2). After the RT-

PCR quantification procedure, the mean copy numbers of the specific TRPC subunits in 

Purkinje cells were calculated. The histogram in the panel b of the Figure 3.24 shows the 

TRPC subunit expression pattern in the single Purkinje neurons of the TRPC1 animals. 

Again, the TRPC3 subunit was found to be the far most abundant TRPC subunit with an 

average copy number of 183,5±19,6 copies/cell. The TRPC4 subunit was detected with 

only 11,6±2,1 copies/cell. As found in the wild type analysis, other TRPC subunits showed 

very low expression levels. TRPC6 was present with 8±3,5 copies/cell, TRPC7 with 

3,4±0,8 copies/cell, and TRPC5 with only 1,6±0,35 copies/cell.                                                                    
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Figure 3.22 Real-time PCR amplification of cDNA from single Purkinje neurons in TRPC1 
knockout animals. a-f. Amplification curves of PCR cycles for TRPC subunits amplification in 
single Purkinje neuron and control GAPDH amplification in the corresponding cells, a1-f1, as 
yielded by the LightCycler (Roche). At a gene-specific fluorescence value (dashed line), the 
crossing point was determined. 
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Figure 3.23 Agarose gel electrophoresis of real-time PCR products obtained from the single 
Purkinje cell material of the TRPC1 knockout animals. Water, elution buffer, the reaction 
without the reverse transcriptase, and the reaction without the harvested cell were used as 
negative controls. Positive controls were the TRPC subunit specific standard dilutions. TRPC 
subunits amplicons are presented with the bands of different sizes; 209bp for TRPC1, 207bp for 
TRPC3, 217bp for TRPC4, 210bp for TRPC5, 209bp for TRPC6 and 205bp for TRPC7. 

 

 Since the TRPC1 animals had different genetic background then the wild type 

animals previously screened for the TRPC subunit expression, the additional 

quantification experiments were performed on the control animals of the same genetic 

background as the TRPC1 knockout animals. No significant differences were noticed 

between the expression patterns of the TRPC subunits in single Purkinje cells of the two 

wild type strains. The TRPC3 subunit was, again, most prominently expressed TRPC 
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subunit with the 273,3±66,7 mean copy number per positive cell. The TRPC1 followed 

with 11,3±4,7 mean copy number per positive cell. The TRPC4 was present with 8,24±1,9 

mean copy per positive cell. The TRPC6 subunit was detected in only one cell (3,1 

copy/cell), while TRPC5 and TRPC7 were not detected at all. The histogram in the panel 

a of the Figure 3.24 shows the TRPC subunit expression pattern in single Purkinje 

neurons of the TRPC1 control animals. 

 

 
 
Figure 3.24 Expression levels of TRPC subunits in single Purkinje neurons of the TRPC1 
knock-out and control animals. Histogram represents mean copy number ±SEM of TRPC 
subunits in single Purkinje neurons of (a) control animals which were positive for the investigated 
TRPC subunits (TRPC1 4/8; TRPC3 9/10; TRPC4 5/5; TRPC5 0/5; TRPC6 1/10; TRPC7 0/10) and 
(b) TRPC1 knock-out animals (TRPC3 32/34; TRPC4 17/20; TRPC5 2/24; TRPC6 9/19; TRPC7 
9/24).     
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4. Discussion 
 

 This study describes the first quantitative analysis of a complete set of TRPC 

subunits in one particular neuronal cell type. The TRPC3 subunit was found to be the 

most abundant TRPC subunit in the Purkinje neurons, followed by the TRPC1 and TRPC4 

subunits. The TRPC5, TRPC6 and TRPC7 subunits were found to be present in very low 

amounts or not at all. The quantification of absolute RNA copy numbers of different TRPC 

channel subunits was performed by using a fast and highly sensitive method, the 

quantitative single-cell RT-PCR. In this way, it was possible to quantify and compare the 

expression patterns of very similar proteins, in this case TRPC channel family members.  

The quantitative single-cell RT-PCR is a unique technique that allows a quantitative 

comparison of the expression levels of different genes on the single cell level. 

 

4.1 Qualitative detection of TRPC channels in the brain 
 
 TRPC family members have been reported to be widely expressed. Among other 

tissues, expression of TRPC channels has also been reported in the CNS (Moran et al., 

2004). In the first part of this study, the nested RT-PCR was performed on the mouse 

brain cDNA in order to specifically detect the TRPC subunits. For this, two pairs of specific 

primers were created for all TRPC subunits, except for the TRPC2 subunit. The TRPC2 

subunit was not investigated in this study due to its predominant expression in  

vomeronasal organ (VNO) and the testis (Vannier et al., 1999; Jungnickel et al., 2001; 

Kimchi et al., 2007). After the primary nested RT-PCR amplification all TRPC subunits 

were found to be present in the brain. Additional, secondary nested RT-PCR amplification 

with the products of the primary reaction as targets, yielded specific amplifications of the 

TRPC subunits visualized on agarose gels. The identity of the amplicons was additionally 

confirmed by sequencing. In this way, previously reported expression of TRPC subunits in 

the brain was confirmed and the primers of the secondary nested PCR run, later used in 

the quantitative real-time RT-PCR analysis, were shown to be highly specific.  

 

4.2 Quantification procedure, accuracy and limits 
 
 The quantitative single-cell RT-PCR procedure consists of many steps, which 

include the harvest procedure, the reverse transcription of cellular RNA, the consecutive 
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cDNA purification and the quantification by using high-resolution gene-specific external 

standard curves (see Figure 1.5). All these steps influence the accuracy of the absolute 

target transcript quantification and are discussed in the following sections. 

 

4.2.1 Purkinje neurons harvest, RT reactions and cDNA 
purification 

 
 During the past decade, many methods for harvest of RNA material from single 

cells have been reported. Those include the pioneer methods of consecutive cell 

cytoplasm harvest after the patch-clamp recordings (Eberwine et al., 1992; Lambolez et 

al., 1992; Monyer and Lambolez, 1995; Sucher and Deitcher, 1995), laser-based 

microdissection techniques (Fink et al., 1998) and atomic force microscopes (Osada et al., 

2003). The patch-clamp based single cell harvest method has become a powerful tool for 

the correlation of the functional properties of the cells with their specific gene expression 

profile. In this study, a novel method based on the aspiration of complete neuronal somata 

of living neurons was used (Durand et al., 2006). The method consisted of complete 

neuronal somata aspiration into the wide-opened glass pipette after which the RT reaction 

was performed. In this case, the complete somatic content was used for the real-time 

PCR analysis. The neighboring cells were left intact and additional controls on the 

neuropil samples (tissue that surrounds the cell) indicated minimal risk of the RNA 

contamination (see Figure 3.17). The neuropil controls were negative for the TRPC1, 

TRPC4, TRPC5 and TRPC7 subunits. Two of six control runs were positive for TRPC3 

with the mean copy number of only 2,23 copies. Four out of six control runs were positive 

for the TRPC6 subunit, with the mean copy number of 4,9. This number is similar to the 

mean copy number of TRPC6 in Purkinje neurons (4,3±0,6 copies/cell in the wild type 

animals and 8±3,5 copies/cell in the TRPC1 knockout mice). Therefore, it is possible that 

the TRPC6 copy number found in Purkinje cell harvest samples is due to contamination 

from the neuropil. In contrast, in case of the TRPC3 subunit, the contamination from the 

neuropil does not influence the mean copy number in Purkinje cells noticeably. 

 The RT reaction protocol on the single cell material and the cDNA purification 

protocol, previously established in our group (Durand et al., 2006), were used in this 

study. The RT reaction protocol used random hexamer primers, which were shown to be 

consistently more reliable and effective than the poly T-primers. The M-MLV reverse 

transcriptase was the enzyme of choice since other reverse transcriptases, like 

Superscript II were not more efficient (Durand et al., 2006). Various studies reported that 

the direct use of single-cell RT reactions in real-time PCR amplification reactions reduced 
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the amplification efficiency, presumably by Taq-polymerase inhibition (Chandler et al., 

1998; Halford, 1999; Pfaffl, 2001; Liss, 2002; Durand et al., 2006). Importantly, this effect 

of the reverse transcriptase was reported to be particularly significant at lower 

concentrations of template DNA (<105 molecules), and was not prevented by heat 

inactivation of the reaction mix after cDNA synthesis (Chandler et al., 1998). Also, the 

decrease of the reverse transcriptase amount in order to reduce its inhibitory effect was 

shown to result in loss or underestimate of low abundance RNAs from single cells, due to 

the reduction of cDNA synthesis efficiency (Chandler et al., 1998). For all these reasons, 

efficient purification protocol of cDNA form single cell material by using DNA-binding 

matrix was used in this study (Durand et al., 2006). In this way, it was possible to purify 

the single-cell samples without significant cDNA loss. 

  The reliable efficiency of the experimental procedure was insured by monitoring 

the abundance of housekeeping gene GAPDH in cerebellar Purkinje cells. All single 

Purkinje cells tested were positive for GAPDH (20% of harvested single cell material 

was used). Since it was not necessary to quantify copy numbers of GAPDH in the 

samples, crossing points were automatically calculated by the LightCycler Software 

3.5 (Roche, Mannheim), using the standard derivate maximum method (Rasmussen, 

2001). Previous reports showed, and our data confirmed the statement that intrinsic 

GAPDH transcripts cannot be used as a denominator due to the considerable 

variation in the expression level between individual cells (Liss et al., 2001; Bustin, 

2002; Piper and Holt, 2004; Durand et al., 2006). Therefore, in this study, the absolute 

copy number of each TRPC transcript per cell was directly calculated using high-

resolution gene-specific standard curves. Nevertheless, the GAPDH crossing points of 

all samples and control reactions were analyzed. Based on these data, the GAPDH 

expression levels in single cells, in the range of crossing point from 26,5 until 32 

(±1,5σ), were considered to be suitable for further analysis and TRPC subunit 

quantification. In this way, the problem of the false negative results was solved and it 

was ensured that the cells indeed had comparable RT reaction efficiencies. 

 

4.2.2 High-resolution TRPC specific external standard curves 
 
 Since the goal of this study was to compare an absolute copy number of different 

TRPC subunits in the brain and single Purkinje neurons, comparable PCR efficiencies of 

the TRPC subunit specific assays were an imperative. No simple way exists to confirm 

that the efficiency of a PCR assay is constant up to the crossing point.  Nevertheless, it is 

possible to demonstrate that the efficiency of any given sample is constant over a range of 
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initial template concentrations. This can be achieved by analyzing a dilution series of the 

sample by plotting the crossing point values over the logarithm of the initial template 

concentration. The efficiency is considered to be constant over the concentration range 

studied, if this plot is linear (Rasmussen, 2001). The results obtained from the repetitive 

real-time PCR amplification of high-resolution TRPC-specific standard curves show linear 

plots with the efficiency rates close to 2, indicating highly reproducible results and efficient 

PCR amplifications (see Figures 3.3-3.8). 

 It has been reported that the number of points in the standard curve can affect 

reproducibility (Rasmussen 2001). The variance in the standard curve will change with the 

square root of the number of points in the standard curve. The higher number of points in 

the standard curve, the less the variance. Additionally, the absolute copy number can also 

influence reproducibility in the way that samples containing high copy numbers are always 

more reproducible then samples containing low copy numbers. The main reason for this is 

the fact that as the number of cycles increases, the effect of any variability in amplification 

efficiency increases. Therefore, the accurate quantification needs the standard curves that 

describe the quality of a gene-specific PCR cycle at copy numbers that fit with the 

expression level in the sample material of interest.  

 In this study, the range of copy numbers for the high-resolution external standard 

curves ranged from 10 000 to 4 copies per reaction, and the curves were amplified ten 

consecutive times to obtain one master standard curve. The variances obtained for the 

efficiency values of different TRPC specific PCR assays repetitions were low, meaning 

that high reproducibility was achieved. The primers used for the different TRPC subunits 

amplification were selected in a way that they give reproducible quantification of minimum 

four copies (or two double-stranded copies). Reproducibility of 90% positive runs for ten 

copies and  more than 50% positive runs for 4 copies was achieved (Durand et al., 2006). 

The real-time PCR quantifications in the range of one to four copies, when the random 

variation due to sampling error (called Poisson error) becomes significant, represent the 

theoretical limit of quantification (Rasmussen, 2001). Since the TRPC5, TRPC6 and 

TRPC7 were found to be present in very low amounts in the Purkinje neurons (under 10 

copies/cell), copy numbers were estimated by the regression line of the standard curves.  

 In this study, the quantification of both, standards and unknown samples, was 

examined, and therefore the efficiency of the PCR assays of both needed to be 

comparable (see Table 4.1). This means that the external standards and the unknown 

samples needed to have similar amplification kinetics and slopes of the standard dilution 

curves (Freeman et al., 1999; Halford, 1999). It has also been reported to be difficult to 
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extrapolate the absolute number of corresponding RNA transcripts from the number of 

cDNA molecules determined. This effect is due to the fact that reverse transcriptase 

efficiency depends on the RNA secondary structure, the specific RNA-protein interactions, 

RNA integrity and the absolute amount of the individual target RNA (Zhang and Byrne, 

1999; Bustin, 2002; Fleige and Pfaffl, 2006). Since the creation of serial dilutions from 

single cell material was impossible due to the low amounts of RNA obtained in this way, 

the whole brain and cerebellar total RNA was used to create RNA standards for all TRPC 

subunits investigated. The results obtained from RNA standards also showed linear plots 

with efficiency rates close to 2 (see Figures 3.9-3.14). The efficiency of TRPC subunit 

specific PCR assays obtained in these two procedures, showed comparable efficiency 

values. In this way it has been confirmed that the high-resolution external standard curves 

met the requirements for quantification and that they were indeed applicable in the single-

cell quantitative analysis. 

 
Table 4.1 Effects of efficiency differences between standards and unknowns 
Values were obtained after 25 cycle runs. (adapted from Rasmussen, 2001). 

 

 
 

 

4.3 Quantitative detection of TRPC channels in the brain 
 

4.3.1  Expression of TRPC channels in whole brain and 
cerebellum 

 
 One of the first  studies that examined the expression levels of the TRPC subunits 

in total RNA samples of different brain areas and cell lines identified the TRPC1-6 

subunits in the cerebellum (Garcia and Schilling, 1997). The TRPC1, TRPC3, TRPC4 and 

TRPC6 were also identified in mouse brain by using in situ hybridization histochemistry 
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(Otsuka et al., 1998). TaqMan real-time quantitative RT-PCR assays, reported TRPC1-7 

in the human tissue, especially in the CNS (Riccio et al., 2002). TRPC1, TRPC3 and 

TRPC5 were found to be highly expressed in the human cerebellum. By using the same 

technique, presence of all TRPC channel family members was reported in the brain of 

three different mice strains, C57BL/10, BALB/c and NOD (Kunert-Keil et al., 2006). The 

TRPC3 and TRPC4 were found to have the highest expression levels in the cerebellum, 

followed by the TRPC1 and TRPC5. The TRPC6 and TRPC7 were shown to have very 

low expression rates in the cerebellar tissue. Recently it has been reported that TRPC3 

has a major role in postnatal development of cerebellum in rats (Huang et al., 2007). This 

group identified the presence of all 7 TRPC subunits in the rat cerebellum by semi-

quantitative RT-PCR and immunohistochemistry. The protein expression of TRPC3 was 

found to be increased in the adults, while the protein expression of TRPC4 and TRPC6 

decreased during the postnatal development. Two groups reported TRPC4 and TRPC5 

not to be present in the rat cerebellum (Mizuno et al., 1999; Li et al., 2005). On the 

contrary, our quantitative RT-PCR data confirmed the claim that TRPC4 and TRPC5 are 

indeed present in the adult cerebellum (Huang et al., 2007). These discrepancies could be 

due to the age of the animals used. 

 Recently, the Allen brain atlas (Lein et al., 2007) described a genome-wide, three-

dimensional map of gene expression in the adult mouse brain (http://www.brainatlas.org). 

By using in situ hybridization, TRPC1 was found to be widely expressed in the brain, with 

the highest expression level in the hippocampus. TRPC3 was found to be almost 

exclusively found in the cerebellum. TRPC6 had very low hybridization signal across the 

brain, except in the dentate gyrus, where the signal was very high indicating high 

expression levels of this subunit in this particular brain area. TRPC4, TRPC5 and TRPC7 

were found to have low expression levels in the brain. 

 In the study presented here, quantitative real-time RT-PCR was performed on the 

1ng total RNA of the adult mouse whole brain and cerebellum.  Data obtained showed 

that TRPC subunit expression pattern in the cerebellum was profoundly different 

compared with the expression pattern in the whole brain. While TRPC1 was the dominant 

subunit in the whole brain, the expression of TRPC3 was as high as the expression of the 

TRPC1 subunit in the cerebellum. In this way, the predominant TRPC3 subunit expression  

in the cerebellum reported by previous studies was confirmed (Garcia and Schilling, 1997; 

Otsuka et al., 1998; Riccio et al., 2002; Kunert-Keil et al., 2006). Also, in comparison to 

the high expression levels of TRPC1 and TRPC3 in the cerebellar total RNA, TRPC4, 

TRPC5, TRPC6 and TRPC7 subunits showed very low expression levels which were an 
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order of magnitude lower than the TRPC1 andTRPC3 expression levels. The high 

expression of TRPC channel family members, TRPC1 and TRPC3, in the cerebellum 

indicated a possible dominant expression of these subunits in the different cerebellar cell 

types. 

  

4.3.2 Expression of TRPC channels in single Purkinje neurons  
 
 The first quantitative analysis of TRPC channels in the Purkinje cells was done by 

in situ hybridization experiments (Otsuka et al., 1998). The TRPC3 subunit hybridization 

signal was reported to be intense in the Purkinje neurons, while the TRPC1 signal was 

weaker, indicating lower expression levels of TRPC1. The TRPC4 and TRPC6 had no 

distinct signals in the cerebellar Purkinje cells. Another study demonstrated the 

predominant expression of TRPC3 in the cerebellar Purkinje cell bodies and dendrites by 

using immunohistochemistry (Huang et al., 2007). The TRPC4 subunit expression was 

restricted to granule cells and the TRPC6 expression was found in the interneurons, 

Purkinje cells and postmitotic granule cells. 

 Nevertheless, no study up to date presented any quantitative RT-PCR data on the 

expression levels of TRPC1-7 subunits in the cerebellar Purkinje cells. In this study, 

quantitative analysis of TRPC channel family members was performed on single Purkinje 

neurons. Additionally, the TRPC1 knockout animals were tested for possible up- or 

downregulation of other TRPC subunits. The quantification was performed by using the 

TRPC gene specific high-resolution external standard curves. Data obtained from the 

adult wild type mice show that the TRPC3 subunit was the most abundant TRPC subunit 

in cerebellar Purkinje neurons. The TRPC1 subunit, was next in line with expression 

levels one order of magnitude lower than the TRPC3. The TRPC4 subunit followed with 

much lower expression values. More than half of the investigated cells were negative for 

the TRPC5, TRPC6 and TRPC7, while the positive ones showed expression under 10 

copies/cell. Since the primers used for the quantification of TRPC6 were not intron-

spanning, some contamination was noticed in the negative controls for this subunit. 

Additional neuropil controls also reported the presence of the TRPC6 subunit, meaning 

that TRPC6 in Purkinje cells, could have been indeed detected due to contamination from 

the genomic material or the neuropil. 

 It has been reported that the mouse genetic background can also influence the 

expression levels of TRPC genes in different tissues  (Kunert-Keil et al., 2006). This group 

compared the expression patterns of the TRPC subunits in three different mice strains 

(C57BL/10, BALB/c and NOD strains). The most data obtained with the C57BL/10 mouse 
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strain were confirmed with BALB/c and NOD mice. However, cardiac expression levels of 

TRPC mRNAs showed considerable variability among different mouse strains. In 

C57BL/10 mice TRPC3 was dominantly expressed in heart muscle whereas TRPC6 was 

the major isoform in NOD and BALB/c hearts. The TRPC3 expression was also found to 

be elevated in cerebrum and skeletal muscle of C57BL/10 in comparison to BALB/c and 

NOD mice, while the TRPC6 expression was lower in the same tissues (Kunert-Keil et al., 

2006). This strongly indicated that genetic background considerably influences expression 

levels of TRPC genes. Since the wild type mice used in the quantitative RT-PCR 

experiments here, carried mixed genetic background 50:50 (SV129:C57BL/6) and the 

TRPC1 knockout mice were maintained on a SV129 genetic background, additional 

control experiments were conducted to investigate the possible effect of the genetic 

background on the TRPC subunit expression in Purkinje cells. The small differences have 

been noticed on the absolute copy numbers of different TRPC subunits. All subunits 

showed lower absolute copy numbers in the animals of pure SV129 genetic background 

compared to the animals of the mixed genetic background 50:50 (SV129:C57BL/6). 

Nevertheless, the pattern of the TRPC subunit expression in the two mice strains 

remained the same, leading to the conclusion that in this case, the genetic background of 

the investigated mice was not relevant.  

 In the TRPC1 knockout mice, no compensatory up- or downregulation of other 

TRPC channel subunits in smooth muscle cells of thoracic aortas and cerebral arteries 

was detected (Dietrich et al., 2007). In order to investigate the possible up or 

downregulation in the cerebellar Purkinje neurons, the quantitative single-cell RT-PCR 

experiments were repeated on the TRPC1 knockout mice. All investigated TRPC subunits 

showed the small decrease in the absolute copy numbers, while the pattern of TRPC 

subunit expression remained the same as in the wild type mice. This reduction in the 

absolute copy numbers of the TRPC subunits can be explained by the different genetic 

background of the strains used. Therefore, the additional control experiments were 

performed on the wild type animals of the same genetic background as the TRPC1 

knockout animals. No significant change in the absolute copy number of different TRPC 

subunits was observed. This result indicated no compensatory up- or downregulation of 

other TRPC channel subunits in the Purkinje neurons of TRPC1 knockout mice. 

 The quantitative gene expression profiling in the Purkinje cells done in this study 

was also recently confirmed by in situ hybridization experiments presented in the Allen 

brain atlas. The Figure 4.1 depicts the in situ hybridization signals of the TRPC1, TRPC3 

and TRPC4 subunits, done in the brain slices of adult mice. The TRPC3 subunit has been 

reported to have the strongest hybridization signal in the Purkinje cell layer of the 
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cerebellum, indicating the highest expression levels. The TRPC1 and TRPC4 

hybridization signals showed medium and very low levels of expression in the Purkinje cell 

layer, respectively. The TRPC5, TRPC6 and TRPC7 subunits showed no hybridization 

signal in the cerebellum.  

 So far, expression levels of TRPC channel subunits have been described only on 

the RNA level. However, biological processes are driven by proteins and a question arises 

if  mRNA is a reliable indicator of protein levels in the cell (Hack, 2004). The relationship 

between mRNA and protein levels is very complex. Since the methods for the global 

analysis of protein expression have just begun to develop, the mRNA remains an indicator 

of active protein. The mechanisms which translate mRNA to protein are highly regulated, 

and it remains unclear how the transcriptome reflects the functional state of the cell, as 

defined by its protein output (Hack, 2004). Conflicting results have been reported 

concerning the usage of mRNA abundance as a useful predictor of protein abundance 

(Futcher et al., 1999; Gygi et al., 1999). Analysis of the transcriptome and proteome 

comparison of primary haematopoietic stem cells, revealed post-translational regulation of 

the proteome in stem cell populations (Unwin and Whetton, 2006). Nevertheless, it has 

also been demonstrated that the mRNA abundance of potassium Kv4.3L and KChip3.1 

channels linearly correlated with the A-type potassium channel density in dopaminergic 

neurons of the substantia nigra (Liss et al., 2001). Unfortunately, in the study described 

here, this was not investigated due to the limitations of the experimental setup. However, 

in TRPC3+/- mice, the amplitude of the slow EPSC tended to be smaller than in the wild 

type mice (Hartmann, personal correspondence). This suggests that the activation of 

TRPC3 quantitatively correlates with its expression. However, the number of observations 

was not sufficient to demonstrate statistical significance. 

 Additionally, a recent study demonstrated the predominant distribution of TRPC3 

channel protein in the cerebellar Purkinje cell bodies and dendrites by using 

immunohistochemistry (Huang et al., 2007). The results obtained for the relative TRPC 

protein expression levels detected by immunohistochemistry are consistent with the 

results obtained by quantitative real-time RT-PCR in the study presented here. 
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Figure 4.1 Expression pattern of TRPC subunits in the cerebellum.  
Detailed explanation is found in the text. The color scale indicates the level of gene expression, 
with red marking the high expression and blue marking the low expression. (adapted from Allen 
brain atlas, available on the world wide web : http://www.brainatlas.org). 

 

 

4.4 Functions of TRPC channels in Purkinje neurons 
 
 As a result of the work done in this study, the cerebellar Purkinje neurons have 

become the first cell type with a known quantitative expression pattern of TRPC channel 

subunits. The most abundant TRPC subunit in the Purkinje cells was found to be the 

TRPC3, indicating a possible important role of this subunit in the cerebellum. In the brain, 

many functional roles for the TRPC3 subunit have been reported. The TRPC3 subunit 

was proposed to be linked to TrkB, to mediate a slow and sustained BDNF-evoke current 
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and it has also been implicated in neuronal survival and growth cone guidance (Li et al., 

1999; Li et al., 2005; Amaral and Pozzo-Miller, 2007b, a; Jia et al., 2007).  

 TRPC channels and specifically the TRPC1 channel subunit have been reported to 

mediate the mGluR1-evoked slow excitatory postsynaptic current (EPSC) in the Purkinje 

neurons (Kim et al., 2003). The mGluR1-mediated signaling is crucial for cerebellar 

function and mice lacking this receptor suffer from ataxia and also completely lack 

cerebellar LTD. Intriguingly, Hartmann et al. (2008, in press) have found the presence of 

the above mentioned slow EPSC in the TRPC1 knockout mice. Since it has also been 

reported that the slow EPSC mediated by the TRPC1 in Purkinje cells, in its biophysical 

characteristics differs from signals evoked by heterlogously expressed TRPC1 channels 

(Canepari et al., 2004), a role for another TRPC subunit in the mediation of the slow 

EPSC in Purkinje neurons became a possibility. The slow EPSC could be evoked also in 

the absence of the TRPC4 and TRPC6 subunits (Hartmann et al., 2008, in press). Data 

obtained from the quantitative RT-PCR show no or very small expression levels of TRPC5 

and TRPC7 subunits in cerebellar Purkinje cells indicating that these subunits most 

probably have no crucial role in cerebellar Ca2+ signaling. As the subunit with highest 

expression level in the Purkinje neurons, the TRPC3 subunit emerged as a major 

candidate for the mGluR1-activated ion channel. A mGluR-activated current with voltage-

dependent and pharmacological properties reminiscent of TRPC3 and TRPC7 has been 

reported in striatal cholinergic neurons (Berg et al., 2007). In the same study, it has been 

shown that the mGluR1 and mGluR5 activate TRPC3 and TRPC7 channels in a 

heterologous expression system. And indeed, the EPSC that was still present in the 

animals lacking the TRPC1, TRPC4 and TRPC6 subunits, was abolished in the TRPC3 

knockout mice (Hartmann et al., 2008, in press).  

 Additionally, mice lacking TRPC1, TRPC4 or TRPC6 subunits were reported to 

show no distinct phenotype (Freichel et al., 2001; Dietrich et al., 2005; Dietrich et al., 

2007). In contrast, when motor performance was analyzed on the regular and irregular 

ladders and the elevated beam (Hartmann et al., 2004), the TRPC3 knockout  mice have 

been found to exhibit distinct disturbances in motor coordination indicating impaired 

cerebellar function (Hartmann et al., 2008, in press).  

 Due to very high abundance of the TRPC3 subunits found in the Purkinje cells, it 

can be speculated that these subunits form homotetramers as it has been previously 

reported (Putney, 2004). It has also been reported that the TRPC3 subunits could be 

activated through receptor-coupled PLC when they are highly expressed (Vazquez et al., 

2003; Putney, 2004). Additionally, the TRPC3, TRPC6 and TRPC7 have been reported to 

be activated by DAG and its analog OAG (Hofmann et al., 1999; Lintschinger et al., 2000; 
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Trebak et al., 2003; Venkatachalam et al., 2003; Liu et al., 2005; Vazquez et al., 2006). 

Therefore, a novel hypothesis of TRPC subunit role in the cerebellar Purkinje cell can be 

proposed. The findings in this and other studies indicate that TRPC3 and not TRPC1, 

mediates the mGluR1 dependent slow EPSC in the single Purkinje neurons by it´s 

possible activation through DAG (see Figure 4.2). 

 

 
 

Figure 4.2 Proposed TRPC3 channel activation in Purkinje cell dendrites. 
Detailed explanation can be found in the text. (adapted from (Hartmann and Konnerth, 
2005)).



   5.Summary 

5. Summary 
 

 In this study, the first quantitative analysis of a complete set of TRPC subunits in 

Purkinje neurons, by using the fast and highly sensitive method of the quantitative single-

cell RT-PCR, is described.  

 All TRPC subunits were found to be expressed in the mouse brain by nested RT-

PCR. TRPC2 was not investigated due to its predominant expression only in the 

vomeronasal organ (VNO) and the testis (Vannier et al., 1999; Jungnickel et al., 2001; 

Kimchi et al., 2007). The highly specific primer sets were created for each of the TRPC 

subunits. By using the TRPC gene-specific primers, high-resolution gene-specific 

standard curves were created for each of the TRPC subunits. This represented the base 

for the further quantitative analysis of the expression patterns of the TRPC subunits in the 

mouse brain and single Purkinje neurons. While the TRPC1 was the dominant subunit in 

the whole brain, the expression of TRPC3 was as high as the expression of the TRPC1 

subunit in the cerebellum. In the single Purkinje neurons, the TRPC3 subunit was found to 

be predominately expressed followed by the TRPC1 and TRPC4 subunits. The TRPC5, 

TRPC6 and TRPC7 subunits were found to be present in a very low amount or not at all. 

No up-or downregulation of the TRPC subunits was noticed in the TRPC1 knockout mice. 

 Based on these results it was possible to assign a physiological function to a 

TRPC channel in a central neuron. The TRPC channels and specifically the TRPC1 

channel subunit have been reported to mediate the mGluR1-evoked slow excitatory 

postsynaptic current (EPSC) in the Purkinje neurons (Kim et al., 2003). Nevertheless, 

namely in the TRPC3 knockout mice, the Purkinje cells lack the mGluR1 mediated slow 

EPSC and the motor coordination is disturbed (Hartmann et al., 2008, in press). 

 This proves that the quantification of expression levels of genes can be used as a 

powerful tool in order to design specific physiological experiments. 
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7.1 Chemicals 
 
 

Chemical Supplier 
2-Mercaptoethanol, min 98% Sigma-Aldrich 
Agarose SERVA, for DNA electrophoresis, research grade Serva 
Agarose, electrophoresis grade Invitrogen 
Agarose, low melting point Sigma-Aldrich 
Ampiciline sodium salt Merck 
Aqua DeltaSelect, Irrigation Solution DeltaSelect 
Boric acid Fluka Biochemika 
Bromphenolblue sodium salt Carl Roth, GmbH 
Calcium chloride dihydrate approx., 99% Sigma-Aldrich 
D-(+)-Glucose, ≥99,5%, cell culture tested Sigma-Aldrich 
Ethanol, ≥ 99,8%, DAB, pure Carl Roth, GmbH 
Ethidiumbromide 1% (10mg/ml) Carl Roth, GmbH 
Ethylendiamintetraacetic acid (EDTA) Carl Roth, GmbH 
Glicerol, anhydrous for synthesis Merck 
Igepal CA-630, for molecular biology Sigma-Aldrich 
Magnesium chloride hexahydrate, ultra Fluka Biochemika 
N´N´-Dimethylformamid Merck 
Nitrogen 5.0 Sauerstoffwerk 
Potassium chloride, ≥95,5%, ultra Fluka Biochemika 
Select Agar, qualified for molecular genetics applications Gibco BRL 
Select Peptone 140, qualified for molecular genetics applications Gibco BRL 
Sodium bicarbonate, 99,7-100,3% Sigma-Aldrich 
Sodium chloride, ultra Fluka Biochemika 
Sodium dihydrogen phosphate monohydrate, ultra Fluka Biochemika 
Tris Base Boeringer Mannheim 
Water, molecular biology reagent Sigma-Aldrich 
X-Gal     Sigma-Aldrich 
Yeast extract, for incorporation into microbiological culture media Difco 
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7.2 Enzymes and buffers 
 

Enzymes and buffers Supplier 
    Bovin Serum Albumin (BSA), 100X     New England Biolabs 
    Eco R1, 20 000u/ml     New England Biolabs 
    Hind III, 20 000u/ml     New England Biolabs 
    M-MLV reverse transcriptase, 200u/µl     Promega 
    M-MLV RT 5X Buffer, containes 10mM DTT     Promega 
    NEBuffer 2,10X     New England Biolabs 
    NEBuffer Eco R1,10X     New England Biolabs 
    Reaktionspuffer S, 10X     PeqLab 
    RNasin® Plus, RNase inhibitor, 40u/µl     Promega 
    Taq-DNA-Polymerase, 5u/µl     PeqLab 
 

7.3 Appliances 
 

Appliances Manufacturer/Supplier 
Centrifuge 5415 C Eppendorf 
Mastercycler gradient Eppendorf 
Thermomixer comfort Eppendorf 
Centrifuge 5415 D Eppendorf 
Centrifuge 5804 R Eppendorf 
GeneQuant, RNA/DNA calculator Pharmacia Biotech 
Gel Doc 2000 Bio Rad 
Gel Printer P91 Mitsubishi 
LightCycler 1.0 Roche 
Personal Cycler Biometra 
BlockThermostat TCR 200 Carl Roth GmbH 
Puller, model PC-10 Narishige 

 

 

7.4 Software 
 

Software Supplier 
Adobe Illustrator 10     Adobe 
Adobe Photoshop CS2     Adobe 
LightCycler 3.5. software     Roche 
Microsoft Office     Microsoft 
Oligo Primer Analysis Software, Version 6.57     Molecular Biology Insights, Inc. 
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