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Summary

Ion channels are integral membrane proteins present in all cells. They are highly selective and assure
a high rate for transport of ions down their electrochemical gradient. In particular, small-
conductance calcium-activated potassium channels (SK) are conducting potassium ions and are
activated by binding of calcium ions to calmodulin, which is constitutively bound to the carboxy-
terminus of each SK channel a-subunit.

Until now, only three SK channel subunits have been cloned, SK1, SK2 and SK3. Sequence
alignment shows that the transmembrane and pore regions are highly conserved, while a high grade
of divergence is observed in the amino- and carboxy-termini of the three subunits. In order to
determine the expression of the different SK channel subtypes, pharmacological tools such as
apamin and d-tubocurarine have been widely used.

In this work, I show the characterization of a novel toxin, tamapin, isolated from the scorpion
Mesobuthus tamulus, which targets SK channels. Our experiments show that this toxin is more
potent in blocking SK2 channels than apamin. Furthermore, tamapin only blocked the SK1 and SK3
channels at higher concentrations, with a higher efficiency to block SK3 than SK1. Therefore,
tamapin should be a good pharmacological tool to determine the molecular composition of native
SK channels underlying calcium-activated potassium currents in various tissues.

Secondly, I determined the molecular mechanism that prevents the formation of functional
SK1 channels cloned from rat brain (rSK1). Until now, little information was available on the rSK1
channels. rSK1 shows a high sequence identity (84%) with the humane homologue, hSK1. hSK1
subunits form functional potassium channels that are blocked by apamin and d-tubocurarine.
However, when I expressed rSK1 in HEK-293 cells no potassium currents above background were
observed, although immunofluorescence experiments using a specific antibody against the rSK1
protein showed expression of the channel. I generated rSK1 core chimeras in which I exchanged the
amino-and/or the carboxy-terminus with the same region of rSK2 or hSK1. Exchange of amino- and
carboxy-terminus or only of the carboxy-terminus resulted in the formation of functional potassium
channels. Furthermore, I used these functional chimeras to determine the toxin sensitivity of rSK1
for apamin and d-tubocurarine. Surprisingly, when these blockers were applied, no sensitivity was
observed, although hSK1 and rSK1 show a complete sequence identity in the pore region, which is
suggested to contain the binding site for apamin.

Finally, I characterized a novel splice variant of the calcium-activated potassium channel

subunit rSK2, referred to as rSK2-860. The rSK2-860 cDNA codes for a protein which is 275 amino



acids longer at the amino-terminus when compared with the originally cloned rSK2 subunit.
Transfection of rSK2-860 in different cell lines resulted in a surprising expression pattern of the
protein. The protein formed small clusters around the cell nucleus, but no membrane stain could be
observed. This data shows that the additional 275 amino acid-long stretch at the amino-terminus is
responsible for retention and clustering of the rSK2-860 protein. In order to narrow down the region
responsible for this phenotype, I generated truncated proteins. This resulted in the isolation of an
100 amino acid-long region that seems to be responsible for the retention and clustering of rSK2-
860 channels. Further truncations and deletions could help us to find the exact signal which is

responsible for this characteristic behavior of the rSK2-860 protein.
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1 Introduction

1.1 Classification and structure of ion channels, in particular of potassium

channels.

Ion channels are responsible for generating and propagating electrical signals in excitable
tissues such as the brain, heart, and muscle and for setting the membrane potential of both excitable
and non-excitable cells. Channels form pores that allow selective passage of millions of ions per
second across the cell membrane. Upon opening of the channels, ions will flow down their electro-
chemical gradient generating an ionic current across the membrane. lon channels can be divided into
different classes dependent on their ion selectivity, such as Na* channels, Ca® channels, CI" channels
and K" channels.

Potassium channels set the resting membrane potential (Adrian, 1969), and the duration of
action potentials, terminate periods of intensive activity, time the inter-spike intervals during
repetitive firing (Meech, 1978), and modulate the effectiveness of synaptic inputs on neurones. They
can be separated into several classes based on the topology of the a-subunit, which forms the pore,
thereby constituting the basis for functional channels. Depending on membrane topology and on the
number of putative transmembrane (TM) spanning segments, the channels can be divided in 2TM,
6TM, 7TM and 4TM-2P (Fig 1). The first class are the 2TM proteins which include the inward
rectifiers (Kir) (Bond et al., 1994, Takumi et al., 1995, Bredt et al., 1995) (Fig 1A). The amino- and
carboxy-termini of these channels are located cytoplasmatically, and the functional channel is
formed by the tetramerization of the 2TM proteins. The second class of K™ channels are the 6TM
proteins (Fig 1B). 6TM proteins can be further separated into voltage-gated channels, called the K
channels, such as Shaker (Tempel et al., 1987), or into calcium-activated, voltage-independent
channels, such as SK- (small-conductance, calcium-activated K™ channels) (Kohler et al., 1998) and
IK channels (intermediate-conductance, calcium-activated K channels) (Ishii et al., 1997, Joiner et
al., 1997 and Logsdon et al., 1997). Functional channels are formed by the tetrameric association of
6TM subunits (MacKinnon, 1991). The third class has 7 transmembrane domains (7TM) (Fig 1C)
and encodes the large-conductance, voltage- and Ca**-activated channel, BK (Marty, 1983, Atkinson
et al., 1991, Adelman et al., 1992). In contrast to the 6TM and 2TM, the 7TM a.-subunit has its

amino-terminus located extracellularly, but the channel also functions as a tetramer. The last class of
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potassium channels consist of the four transmembrane domains and 2 pores proteins (4TM-2P, Fig

1D), such as TREK and TASK (Fink et al., 1996, Duprat et al., 1997).

A 2TM 5 6TM

P-region

P-region

Extracellular

4TM-2P

P-region P-region

Extracellular

L]

S1
OO
Imracellular(

NHp COOH

FIG 1.1. a-Subunit topology of the different classes of K* channel. Functional channels are formed by
tetrameris of alpha-subunits. A, Two transmembrane domain protein. B, Alpa subunit of the six transmembrane
domain protein. C, Structure of the seven transmembrane domain protein. D, Four transmembrane domain
subunit, most likely envolved from two 2TM proteins by gene duplication. Blue, P-region, stands for pore
region, S1-S6 are the transmembrane segments.

Throughout their maturation in the ER and Golgi, a-subunits can become glycosylated
(Michikawa et al., 1994, Nagaya and Papazian, 1997). Furthermore, channels can also be modulated
by the interaction with accessory subunits (f-subunits). These subunits have varying structures, they
may cross the lipid membrane one or more times or be entirely cytosolic. The general roles for the
B-subunits identified to date include: 1) stabilization of the channel complex in the membrane,
thereby enhancing channel expression and current (Fink et al., 1996, Shi et al., 1996, Trimmer J.S.,
1998); 2) altering the voltage dependence of the channel (Casellino et al., 1995, Barhanin et al.,
1996, Sanguinetti et al., 1996); 3) providing for, or increasing inactivation (Rettig et al., 1994,
Morales et al., 1995); and 4) enabling the binding of toxins or drugs that block the channel
(McManus et al., 1995, Kaczorowski et al., 1996).

Potassium channels share a distinctive feature, all of them present in the pore region (P-
region) a consensus amino acid sequence “GXG” , which has been termed the K* channel “signature

sequence® (Heginbotham et al., 1994, Ketchum et al., 1995). These residues, GXG, repeated in the 4
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a-subunits, line the selectivity filter of the potassium channel. The first insights into the
tridimensional structure of the potassium channel pore came after the crystallization of the 2TM
protein, KcsA, cloned from Streptomyces lividans (Doyle et al., 1998). The 2 membrane segments
(a-helices) of each subunit span the lipid layer (Fig 2B), while the inner a-helices face the central
pore of the channel (Fig 2A). The selectivity filter for potassium is located at the extracellular
surface of the pore formed by a tight alignment of the 4 GXG motifs present in each subunit (Fig
2C). Although this K* channel contains only 2 transmembrane segments, the amino acid sequence of
the pore region is very close to that of potassium channels with six transmembrane segments, for
example there is more than 60% homology between KcsA and Shaker (Doyle et al., 1998, Capener
et al., 2002).

A
INTRACELLULAR

FIG 1.2. Structure of the 2TM potassium channel KcsA. A, Stereoview of the ribbon
representation illustrating the 3D fold of the KcsA tetramer. B, Presentation of the channel as an
integral membrane protein. C, Side view of 2 of the 4 a-subunits, showing the formation of the
selectivity filter by the GYG motifs (From Doyle et al., 1998).

The 6TM calcium-activated potassium channels (K,) represent a family of proteins that are
distinct from K, channels. They can be categorized according to their biophysical properties, the
most prominent of these features is the single channel conductance. K, are classified as small (2-25
pS) (Kohler et al., 1996) and intermediate (25-100 pS) (Ishii et al., 1997, Joiner et al., 1997,

Logsdon et al., 1997) conductance K* channels.

1.2 Gating of small-conductance, calcium-activated potassium channels.

The 6TM K*-channels include channels with different mechanisms of activation. One group
are the voltage gated potassium channels, K, which are activated by a change in the potential across
the cell membrane. Another group are the calcium-dependent K* channels, K., are activated by the

interaction of calcium with calmodulin bound to the carboxy terminus of the K, a-subunit.
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To date, 3 members of the small-conductance, calcium-activated potassium channels (SK)
family have been cloned, SK1, SK2 and SK3 (Kohler et al., 1996). Their sequences are highly
conserved across the transmembrane segments, but diverge in amino acid composition and length
within their amino- and carboxy-termini (see appendix 2.1). SK channels are voltage independent
but are activated by submicromolar concentrations of intracellular calcium. The calcium
concentration required for half maximal activation (ECs,) of SK channels is approximately 300 nM
(Xia et al., 1998, Hirschberg et al., 1998)

In order to determine which amino acids in the SK a-subunit are responsible for the calcium
binding, Xia and colleagues (Xia et al., 1998) performed several mutation studies. They found that
SK channels are not gated by calcium binding directly to the channel a-subunits. Instead, SK
channels are activated by binding of calcium ions to calmodulin, which is in turn constitutively
bound to the carboxy-terminus of the a-subunit in a calcium-independent manner (Xia et al., 1998,
Keen et al., 1999, Fanger et al., 1999, Zhang et al., 2001). This calmodulin/a-subunit complex is
located in the intracellular carboxy-terminal domain of the protein, just downstream from the S6
transmembrane segment. Their studies also revealed that the carboxy-terminal part of calmodulin
(containing EF hands 3 and 4) binds to the a-subunit in a calcium independent manner, while the N-
terminal part (containing EF hands 1 and 2) only interacts with the a-subunit in the presence of
calcium ions. Furthermore, mutations in the EF hands 1 or 2 of calmodulin resulted in a decrease in
calcium sensitivity. In contrast, mutation in EF hands 3 or 4 did not change the calcium sensitivity
of SK channels. These results suggest that calcium gating of SK channels results from Ca’* binding
to EF hands 1 and 2 of calmodulin, and that either EF hand 1 or 2 is sufficient for channel activation
(Xia et al., 1998, Keen et al., 1999).

The elucidation of the X-ray structure of the calmodulin/a-subunit complex confirmed these
findings (Schumacher et al., 2001). The crystal structure of this complex showed the presence of the
calmodulin binding domain, CaMBD, in the proximal carboxy-terminal domain of each a-subunit.
The interaction between the CaMBD and calmodulin (in the presence of calcium) revealed a dimeric
complex. Two CaMBDs, each comprised of a short a-helix, a B-turn, and a longer extended a-helix,
are arranged with the longer helices in an antiparallel configuration and do not make direct contacts.
Two CaMs are symmetrically woven around the CaMBDs with each CaM making multiple contacts
with the two CaMBDs. Although the crystallization was performed in the presence of calcium, only

the amino-terminal EF hands (1 and 2) of CaM contain Ca* ions, while the carboxy-terminal EF
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hands (3 and 4) did not, giving a view of both calcium-dependent and —independent CaM/protein
interactions (Fig 3, Schumacher et al., 2001).

A

To membrane
(S6 hellces)

FIG 1.3. Structure of CaMBD/Ca**-CaM complex. Formation of a dimeric CaMBD/Ca**-CaM complex. A. Upper
view of the complex. Green are the calmodulin proteins interacting with the CaMBDs, blue and yellow. amino-
termini of CaM contain the calcium ions, while carboxy-termini are uncalcified. B, Site view of the same complex in
A (From Schumacher et al., 2001).

The binding between CaM and CaMBD is predicted to occur, through electrostatic
interactions between negatively charged residues in the CaM linker region and positively charged
residues on the CaMBD, and by hydrophobic interactions (Keen et al., 1998, Wissmann et al., 2002,
Lee et al., 2003). Furthermore, biochemical data showed that in the absence of calcium the
CaM/CaMBD interaction is monomeric (Schumacher et al., 2001).

Taken together, the data suggest a model for Ca®* gating of SK channels where CaM is
bound through the C-terminus to the proximal portion of the CaMBD. Upon calcium binding to the
N-lobe of CaM, a large rearrangement occurs in which the N-lobe of CaM contacts the distal
domain of the CaMBD on a neighbouring subunit (Fig. 4). This rearrangement results in a

conformational change of the channel and opens the ion-conducting pore (Schumacher et al., 2001).

FIG 1.4. Proposed gating
Chemo-mechanical . .
gating model model for calcium-activated
potassium channels. CaM is
bound to the C-terminus of the a-
subunit in a calcium independent
manner (yellow circles). Upon
interaction with calcium, CaM
binds to the neighboring a-
subunit, forming a dimeric
complex. This movement will
result in a conformational change
of the channel and open the ion-
conduction pore (From
Schumacher et al., 2001)

CaZ+

Closed Open
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Besides activation of SK channels upon binding of calcium ions, a second important role for
CaM is trafficking of functional SK channel to the membrane (Joiner et al., 2001, Lee et al., 2003).
Experiments which prevented or weakened binding of endogenous CaM to the a-subunits by
mutating the CaMBD or by depleting the CaM pool using dominant negative proteins abolished the
cell membrane expression of the SK channels. Although the a-subunits were generated, as observed
by immunofluorescence and western-blot analysis, the channels were not inserted into the plasma

membrane (Miller et al., 2001, Lee et al., 2003).

13 Physiological role of SK channels

In situ hybridization has revealed that SK channels are highly expressed in the central nervous
system (Stocker and Pedarzani, 2000). These channels are present in most neurons and upon
activation by calcium, due to calcium influx through voltage gated calcium channels during an
action potential, they contribute to the afterhyperpolarization (AHP) following action potentials.
This AHP can be dissected into two main components, the medium and the slow AHP.

The medium afterhyperpolarization (mAHP) follows a single or train of action potentials,
presents a rather fast activation ( = 5Sms), and a time course of decay in the range of hundreds of
milliseconds. The Ca**-activated K* current that underlies part of the mAHP is described as 1,;;p, and
is voltage insensitive and blocked by the bee venom toxin apamin (Sah, 1996). mAHP limit the
firing frequency of neurons by slowing the return of the membrane potential to the firing treshold,
thereby prolonging the interspike interval. Given its pharmacological profile, I, is likely to be
mediated by SK channels (Villalobos et al., 2004).

The slow afterhyperpolarization (SAHP) only appears after a burst of action potentials, is
characterized by a slow time course of activation (~ 500 ms), and decays in 1-4 s. The sAHP is
mediated by slow calcium-activated potassium channels underlying a current known as sl,p. In
contrast to I,,p, the sl is apamin insensitive and is responsible for the late phase of spike
frequency adaptation. The SAHP leads to a strong reduction or a complete cessation of action
potential firing, thereby controlling the repetitive firing of neurons and limiting the numbers of
action potentials generated in response to stimuli (Madison and Nicoll, 1982, Madison and Nicoll,
1984). The channels underlying the sl are not known yet.

Furthermore, the AHP and in particular the SAHP have been hypothesized to play a role in

controlling the level of excitability of neurons and thus synaptic plasticity. As neuronal activity
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plays a role in the processing of information within the central nervous system, it would not be
surprising that changes in both the medium and slow AHP may be involved in aspects of learning

and memory (Messier et al., 1991).

14 Pharmacology of SK channels

A specific toxin used to characterize different SK subtypes is apamin. Apamin is a 18 amino-
acid peptide, isolated from the venom of the bee, Apis mellifera (Habermann et al., 1972,
Habermann and Fischer, 1979). Initial studies, performed in Xenopus oocytes, showed that rat SK2
(rSK2) and rat SK3 (rSK3) homomeric channels were blocked by apamin, while the human SK1
(hSKT) channel was not affected by the toxin at concentrations up to 100 nM (Kohler et al., 1996,
Ishii et al., 1997b, Table 1). However, further pharmacological studies in different heterologous
expression systems have revealed that in mammalian cell lines also hSK1 channels are blocked by
apamin (Shah and Haylett, 2000, Strobaek et al., 2000, Table 1), and one study has reported the
presence of two apamin binding affinities (IC5, = 0.7 nM and 196 nM) upon hSK1 expression in
Xenopus oocytes (Grunnet et al., 2001a, Table 1). Thus, SK channel subtypes can be distinguished
on the basis of their different level of sensitivity for apamin, with hSK1 being the least sensitive
(ICsy: 0.7-12 nM in mammalian cell lines, Table 1), SK2 channels the most sensitive (ICs,: 27-140
pM, Table 1), and SK3 channels presenting an intermediate sensitivity (ICs,: 0.6-4 nM, Table 1). In
contrast, the intermediate conductance potassium channels (IK or SK4) present a distinct
pharmacological profile, being insensitive to apamin, but blocked by charybdotoxin (ICs,: 2-28 nM,
Joiner et al., 1997, Logsdon et al., 1997, Ishii et al., 1997a, Jensen et al., 1998, Table 2).

Beside apamin, other toxins from scorpion venoms target specifically SK channels and
provide useful tools for their pharmacological characterization. These include scyllatoxin
(Leiurotoxin I), isolated from the scorpion Leiurus quinquestriatus (Castle and Strong, 1986,
Chicchi et al., 1988, Auguste et al., 1990) and PO5 from Androctonus mauretanicus (Zerrouk et al.,
1993).
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Table 1:
IC,, SK1 SK2 SK3
Apami M 0707,1.3"¢,2.9% 5.1%, | 0.0277,0.063",0.07", 0.63", 1< 1.1 1.4, 22,
pamin n 775,813 1205, 5100 0.083%,0.14" 47,132, 19.1°
PO5 nM 25"
Scynatox{n nM 80, 325" 0.29* 1.12,8.3"
(Leiurotoxin)

Reported are ICs, values obtained from electrophysiological recordings, rubidium flux and functional fluorescence
assays. Underlined values have been obtained from human SK channel clones, all other values from rat SK channel
clones.

a: second component with ICs, of 196 nM, b: up to 39% residual current, c: Rubidium flux measurements and d:
fluorescence assays.

(1) Kohler et al., 1996; (2) Ishii et al., 1997b; (3) Khawaled et al., 1999; (4) Strobaek et al., 2000; (5) Shah and Haylett,
2000; (6) Dreixler et al., 2000; (7) Grunnet et al., 2001a; (8) Terstappen et al., 2001; (9) Fanger et al., 2001; (10)
Grunnet et al., 2001b; (11) Hosseini et al., 2001; (12) Shakkottai et al., 2001; (13) Dale et al., 2002; (14) Castle et al.,
2003

In addition to peptide toxins, several organic compounds, like curare, quaternary salts of
bicuculline, dequalinium, UCL 1684 and UCL 1848, block all three SK channel subtypes in

expression systems (Table 2).

Table 2:
IC,, SK1 SK2 SK3
 Quaternary 14, 15.9° 117, 25% 6.6"
Bicuculline salts

Dequalinium 044*,048° 0.16%,0.35° 3084
d-tubocurarine 23.5°,274,76.2", 3542 24' 542 17 21084

UCL 1684 0.76* 0.28°,0.36* 5.8'1.9.5°
UCL 1848 L 0.12" 2.1"

Besides SK channel blockers, also enhancers of SK channel activity have been identified. The
prototypical SK channel enhancer is 1-ethyl-2-benzimidazolinone (1-EBIO), first characterized as
an activator of native IK channels in colonic epithelial cells (Devor et al., 1996), and subsequently

shown to enhance the activity of recombinant IK channels in transfected cultured cells (Jensen et al.,
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1998, Pedersen et al., 1999). When tested on SK1 and SK?2, 1-EBIO enhanced their activity by
increasing their apparent Ca** sensitivity by almost an order of magnitude (Pedarzani et al., 2001).
Structurally related compounds, such as the muscle relaxant chlorzoxazone and zoxazolamine, have
been shown to also enhance the activity of IK and SK2 channels (Syme et al., 2000, Cao et al.,
2001). The neuroprotective drug riluzole (2-amino-6-trifluoromethoxy benzothiazole), which has
some structural resemblance to 1-EBIO, similarly enhances the activity of SK2 (Cao et al., 2002)
and SK3 channels (Grunnet et al., 2001b).

Finally, SK channels have been shown to be the targets of a number of neuroactive drugs
suppressing channel activity and including tricyclic antidepressants, Prozac (fluoxetine) and
antipsychotic phenothiazines (Dreixler et al., 2000, Terstappen et al., 2001, Grunnet et al., 2001b,
Terstappen et al., 2003).

1.5 Aim of this work

The aim of this work was to analyze the structure and function of the small conductance
calcium-dependent potassium channels (SK). To date, three SK channels have been cloned, SK1,
SK2 and SK3. I generated stable cell lines expressing the rSK2, rSK3 and hSK1 a-subunits and
characterized them using immunofluorescence and/or patch-clamp techniques. The SK channels can
be distinguished from each other using specific blockers.I screened for novel blockers and
characterized the scorpion toxin tamapin. In contrast to rSK2, rSK3 and hSK1, which form
functional homomeric channels the rat SK1 (rSK1) does not form functional channels when
expressed in HEK-293 cells, although the protein is made, as shown by immunoblot analyses and
immunofluorescence. I investigated the molecular determinants of rSK1 channel expression using
chimeric subunits in combination with immunocytochemistry and electrophysiology. Finally, I
studied the expression of a novel splice variant of rSK2, which reveals a distinct expression pattern
of protein aggregates in the perinuclear region when expressed in HEK-293, CHO or COS cells. In
order to assess which domain is responsible for the retention and clustering of this splice variant, I
have generated truncated forms of the channel and visualized them using immunofluorescence in

order to detect differences in expression pattern.



2 Material & Methods

2.1 Materials

2.1.1 Equipment

Abbott Dial-A-Flo
Amplifier

Antivibration table

Air pressure component

CCD camera

Cell culture incubator

Centrifuge

Computer

Electrode puller

Megafuge 1.0R
Micromanipulator
Microscope

Multiple Solution perfusion system

PCR System 2400
Sequencer

Shaker
Spectrophotometer

UV-light

Vacuum pump

Emergency Medical Supply Inc. (EMS), USA
EPC9, HEKA Electronic

Technical Manufacturing Corporation (TMC),
MPCU-3, Lorenz

SPOT, Diagnostic Instruments

QImaging, Micropublisher

Heraeus Instruments

J2-MI, Beckman

5415 D, Eppendorf

Power Macintosh 7100/66

List medical, Germany

PP-830, Narishige, Japan

Heraeus Instruments

Mini 25, Luigs & Neumann

Axioskop2, Zeiss

MP-6 chamber manifold, Warner Instruments

corp.

GeneAmp, Applied Biosystems

377 DNA sequencer, ABIprism

Innova 4230, New Brunswick Scientific, USA
SmartSpec 3000, BIO RAD

USA

4W Model UVL-24, Long Wave (365 nm), 230 V,

50 Hz, UVP, Upland ,USA
Dymax 30, Charles Austen pumps
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2.1.2 Consumables

Cryo tube vials

Glass coverslips 10 mm

Glass coverslip 22x22 mm
Kimax-51 capillary tubes
Multiple well plates; 6, 12 & 96
Petri dish, 92X19 mm

Slides

Stericup, 150 & 500 ml
Serological pipette; 5, 10 & 25 ml
Tissue culture flask; 25 & 75 cm?
1.5, 15 & 50 ml tubes

35 mm dishes

Syringe filters, Millex®-GP,
022 ym

213 Kits

Flp-In™ System

FuGENE 6

Lipofect AMINE™ Reagent
Lipofect AMINE PLUS™ Reagent
NucleoSpin Plasmid

Nucleospin Extract

Nucleobond PC 100 & PC 500
pGEM-T vector system

ProLong Antifade kit

Slowfade Light Antifade kit

Nunc

BDH

BDH

Kimble products, USA
Nunc

Sarstedt

76x26 mm, Menzel-Glasser
Millipore

Sarstedt

Nunc

Sarstedt

Nunc

Millipore

Invitrogen

Roche

Invitrogen
Invitrogen
Macherey-Nagel
Macherey-Nagel
Macherey-Nagel
Promega
Molecular Probes

Molecular Probes

Sequencing BigDye"™ Terminator (version 2) with
AmpliTaq DNA polymerase, Applied Biosystems
2.14 Enzymes, antibodies and proteins

Alkaline Phosphatase

Roche
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Ampicillin

anti-c-myc (clone 9E10)
anti-Ubiquitin (clone FK12)
anti-Vimentin (clone V9)
Brefeldin A

BSA, protease free, fraction V
Cy-3 conjugated Goat anti-rabbit
Cy-5 conjugated Goat anti-rabbit
FITC-conjugated Swine anti-rabbit
Lamin A/C

Lysozyme

Pfu DNA-polymerase (2.5U/ul)
RNase A

Taq DNA Polymerase (5U/ul)
T4-DNA ligase (1U/ul)
T4-DNA Polymerase

Roche

Roche

Affiniti

Sigma

Epicentre

Sigma

Jackson ImmunoResearch
Jackson ImmunoResearch
DAKO

sc-7292, Santa Cruz Biotechnology
Roche

Stratagene

Sigma

Gibco-BRL

Roche

Roche

Restriction enzymes were obtained from Roche, New England Biolabs and Amersham

Biosciences

215 Plasmids

Bluescript II KS*, SK*
pcDNA3

pcDNAS/FRT
pEGFP-C2
pEGFP-ENDO
pEGFP-F

pEYFP-ER
pEYFP-Golgi

pGEM-T

pOGG44 (recombinase)

Stratagene
Invitrogen
Invitrogen
Clontech
Clontech
Clontech
Clontech
Clontech
Promega

Invitrogen
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2.1.6 Channel blockers and enhancers
Apamin Latoxan
1-EBIO Tocris

d-tubocurarine chloride

Charybdotoxin

2.1.7 Cell culture

DMEM/F-12

Fetal Calf Serum (FCS)

Ham’s F-12

L-glutamine 200 mM

Opti-MEM1

PBS

Penicillin/Streptomycin (10000U/ml)
Trypsin-EDTA

2.1.8 Chemicals

Acetonitrile

Agar powder

Agarose

Ampicillin

Calcium chloride
Dimethylsulfoxid (DMSO)
EGTA

Ethidium bromide

G418

HEPES

Kanamycin

Luria Broth (LB)
Paraformaldehyde (PFA)
Poly-D-Lysine

Research Biochemicals Incorporated

Latoxan

Invitrogen
Invitrogen
Invitrogen
Invitrogen
Invitrogen
Invitrogen
Invitrogen

Invitrogen

Sigma

BDH

Ultra-Pure, Gibco-BRL
Roche

Fluka

Sigma

Fluka

Sigma

CalBiochem

Fluka

Sigma

Gibco BRL

Electron Microscopy Sciences

Sigma
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Potassium chloride Merck

Sodium chloride Merck

TAE (50X) National diagnostics
Triton X-100 Fluka

All other chemicals have been purchased from BDH, Fluka, Merck and Sigma

219 DNA-ladders

1 kb DNA-ladder 12.216,11.198,10.180, 9.162, 8.144,7.126,6.108,5.090,4.072, 3.054,
2.036,1.636,1.018, 506, 396, 344, 298, 220, 201, 154, 134,75 [bp]

1 Kb" DNA-ladder 12.000, 11.000, 10.000, 9.000, 8.000, 7.000, 6.000, 5.000, 4.000, 3.000,
2.000, 1.650, 1.000, 850, 650, 500, 400, 300, 200, 100 [bp]

100 bp DNA-ladder 2.072,1.500, 1.400, 1.300, 1.200, 1.100, 1.000, 900, 800, 700, 600, 500,
400, 300, 200, 100 [bp]
All DNA-ladders were obtained from Gibco BRL

2.1.10 Buffers and solutions

Buffer S1 50 mM Tris-HCI, pH 8.0
10 mM EDTA
100  ug/ml RNase

Buffer S2 200 mM NaOH

1 %  SDS
Buffer S3 2.8 mM KAc,pH 5.1
Buffer N3 100 mM Tris-H,PO,, pH 6.3

15 %  ethanol
1.150 mM KClI

Buffer N5 100 mM Tris-H,PO,, pH 8.5
15 %  ethanol
1.000 mM KCI
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Buffer NE 5 mM Tris-Cl, pH 8.5

Blocking solution (in PBS) 10
2-3

Freezing medium 70
20
10

G-418 (100 mg/ml) 1
9
1

%
%

%
%
%

ml
ml

g

FCS
BSA(10% BSA stock solution)

medium (with glutamate and antibiotics)
FCS
DMSO

Hepes-NaOH (1M, pH 7.3)
H,O
G418

sterile filtration, store at —20 °C

LB-plates with 1
Ampicillin 25
for 11 solution 15

1

g
g

H,O
LB
Agar

autoclave and cool to 50-55 °C
add Ampicillin (100 pg/ml)

LB-plates with 1
Kanamycin 25
for11 15

1

g
g

H,O
LB
Agar

autoclave and cool down till 50-55 °C
add Kanamycin (30 pg/ml)

Ligation buffer (5X) 100 mM
50 mM
50 mM
5 mM
Loading buffer 5 ul
1 ul
1 ul
adjust pH 8.0
One-Phor-All buffer (10X) 500 mM
100 mM
100 mM
PBS (10X) 1.3 M
70 mM
30 mM

adjust to pH 7.3

Tris-HCI (pH 7.5)
MgCl,

DTT

ATP

deionised formamide
blue dextran
EDTA (50 mM)

KAc
Tris-Ac (pH 7.5)
MgAc

NaCl
Na,HPO,
Na,H,PO,



Material and Methods page 16

4% PFA 80 ml H,O
200 ul NaOH
heat to 65°C and add 4g PFA, stir until dissolved
10 ml 10X PBS
200 ul HCI
adjust to pH 7.3, and store at -20°C

Sample buffer (5X) 20 % Ficoll 400
100 mM EDTA (pH 8.0)
0.25 % Bromphenolblau
0.25 % Xylencyanol
SOB-Medium 20 g Bacto-Trypton
for 11 5 g Yeast-Extract
10 mM NaCl
5 mM KCl

10 mM MgCl,

10 mM MgSO,
adjust to pH 6.8-7.0
autoclave without Mg-salts. Sterile filter Mg-salts and add before
use of medium.

TB-medium 10 mM MOPS, pH 6.7 with KOH
250 mM KCl1
15 mM CaCl,
55 mM MnCl,

TE-buffer (pH 8.0) 10 mM Tris-HCI (pH 8.0)
1 mM EDTA
autoclave

STET (total volume of 50 ml) 100 mM NaCl
10 mM Tris-HCI (pH 8.0)
1 mM EDTA
5 % Triton X-100

Extracellular recording solutions:

4 mM K* 4 mM KCl
140 mM NaCl
2 mM Ca(Cl,
1 mM MgCl,

10 mM Hepes
adjust to pH 7.4 with NaOH
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20 mM K*

144 mM K*

Intracellular recording solutions:

nominal [Ca**] free

100 nM free Ca**

500 nM free Ca**

1 uM free Ca™

10 uM free Ca**

Extracellular and intracellular solutions have an osmolarity of 280-300 mOsm

20 mM KCl
124 mM NaCl
2 mM Ca(Cl,
1 mM MgCl,
10 mM Hepes
adjust to pH 7.4 with NaOH
144 mM KCl
2 mM Ca(Cl,
1 mM MgCl,
10 mM Hepes
adjust to pH 7.4 with KOH
130 mM KCl
10 mM Hepes
20 mM BAPTA
1.08 mM MgCl,
130 mM KCl
10 mM Hepes
10 mM EGTA
1.08 mM Mg(Cl,
4.11 mM Ca(Cl,
130 mM KCl
10 mM Hepes
10 mM EGTA
1.08 mM Mg(Cl,
7.75 mM Ca(Cl,
130 mM KCl
10 mM Hepes
10 mM EGTA
1.08 mM MgCl,
8.75 mM Ca(Cl,
130 mM KCl
10 mM Hepes
10 mM EGTA
1.08 mM Mg(Cl,
9.87 mM Ca(Cl,

All intracellular solutions are adjusted to pH 7.2 with KOH
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2.2 Methods

221 Cell culture and transfection

22.1.1 Cell types

HEK-293, HEK-SK2, HEK-SK3, HEK-IK and FlpIn-HEK. Human Embryonic Kidney
(HEK) cells were cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented with 2
mM L-Glutamin; 5 ml Penicillin/Streptomycin (10.000 U/ml) and 10% FCS. Except from the
wild type HEK cell (HEK-293), all other cell lines were maintained in the presence of
antibiotica. Cell lines expressing SK2, SK3 and IK were grown in the presence of 400 pg/ml
G418. FlpIn-HEK cells were maintained in 100 pg/ml Zeocin. HEK-FlpIn-rSK2 lines generated
with FlpIn-HEK cells were cultured in regular medium with 100 pg/ml Hygromycin B.

CHO-K1 and FlpIn-CHO. Chinese Hamster Ovary (CHO) cells were grown in Ham’s F-12
supplemented with 5 ml Penicillin/Streptomycin (10.000 U/ml) and 10% FCS. FlpIn-CHO cells
were maintained in the presence of 100 ug/ml Zeocin. CHO-FlpIn-hSK1, CHO-FlpIn-rSK2 and
CHO-FlpIn-rSK3, generated by using the FlpIn-CHO cell system, were grown in medium
containing 100 pg/ml Hygromycin.

COS-7 African green monkey kidney cells were maintained in DMEM supplemented with
2 mM L-Glutamin, 5 ml Penicillin/Streptomycin (10.000 U/ml) and 10% FCS. Cells were grown
till 80-90% confluence at 37°C and 5% CO, before they were splitted (see 2.2.1.2)

2212 Splitting cell lines

Cells were grown in a humidified atmosphere at 5% CO, and 95% air at 37°C. All cell
lines were cultured in 25 cm® culture flasks until they reached 90-100% confluence. Then the
medium was aspirated and the cell monolayer was washed once with 1xPBS. The washing step
was followed by a brief application of Iml Trypsin-EDTA. Trypsin-EDTA was gently added to
the cell monolayer using a pipette, shaken gently for a few seconds, and then removed. Treated
cells were placed for a short time in the incubator. After 1 minute the cells were resuspended in 5
ml of fresh medium. A few drops of the suspension was added to 5 ml fresh medium with or
without antibiotics and transferred into a new 25 cm® culture flask. When the cells reached 80-

90% confluence, they were split again.
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2213 Frozen cultures

From each cell line, wild type as well as stable cell lines, frozen cultures were made. The
cells were split as described in 2.2.1.2 and counted in a “Neubauer” counting chamber, using the

following formula to estimate the number of cells per pl:

Ne of cells Ne of cells in 16 squares

uL 16 x 0.100 x 0.065

After counting, the cells were collected and resuspended in freezing medium. HEK and CHO
cells were frozen in cryo tubes at concentrations of 3x10° and 2x10° cells/ml, respectively. For
freezing, cryo tubes were placed for 24 hours at —80°C in a Cryo 1C freezing container filled
with isopropanol to achieve a —1 °C/min rate of cooling. Afterwards the frozen samples were

transferred to a liquid nitrogen storage container.

2214 Transfection of cells

Transient transfections of constructs for immunocytochemistry and electrophysiology.

HEK-293 or CHO-K1 cells were grown to 60-70% confluency in 6 well plates or 35 mm dishes.
In general, for transfection, different ratios of cDNA were transfected, although an end
concentration of 2 yg DNA was always used. For co-localisation experiments 1 pg of specific
channel DNA (rSK2 or rSK2-860) was incubated with 1 yg of cellular marker DNA (pEGFP-F,
pEYFP-Golgi, see 2.2.2.13). Measuring of different constructs or chimeras were performed by
co-transfecting the cells with 1.5 yg cDNA (see 2.2.2.14, rSK1, hSK1 and rSK2 chimeras) and
0.5 ug pEGFP-C2. In all cases the 2 ug DNA and 10.5 ul of Lipofect AMINE were each
incubated in 100 1 OptiMEM for 15 min at room temperature (RT). Then the Lipofect AMINE
was added to the DNA. This mixture was kept for 15 min at RT. After rinsing the cells once with
OptiMEM, 0.8 ml of OptiMEM was added to the cells, followed by the DNA/Lipofectamine
mixture. The cells were incubated for 3-5 hours at 37°C in a CO, incubator. At the end of the
incubation, 1 ml of growth medium containing twice the normal concentration of serum was
added and cells were further incubated under the same conditions as above. After 12-16 hours
the cells could be split (see 2.2.1.2).

COS-7 cells were plated in regular medium (see 2.2.1.1) in 35 mm dishes at a density of 1x10°
and incubated overnight at 37°C and 5% CO,. Following incubation, 3.5 1 FuGENE 6 and 1 pl

DNA were mixed and stored at RT for 20 min. The mixture was added to the cells, without
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replacing the medium, for 24 hours and the cells were subsequently replated for
immunocytochemistry (see 2.2.3.2).

Stable transfection using LipofectAMINE. HEK-293 cells were transfected with 2 ug
pcDNA3-rSK2 or pcDNA3-rSK3, as described for the transient transfections. Subsequently, 24
hours after transfection, the cells were split and divided equally over a 6 well plate and grown
overnight in an incubator (5% CO,, 37°C). The following day the cells were subjected to normal
medium containing G418 (400 pg/ml). In parallel, control HEK-293 cells, not transfected, were
also grown in a 35 mm dish in the presence of selection medium (contains 400 pg/ml G418).
When all control cells died, after 4-6 days, the dish containing the transfected cells was checked
for surviving cell clusters. A few cell colonies were isolated, same procedure as described in
2.2.1.2, except that trypsin-EDTA (~5 ul) was locally applied to the colony. Subsequently, the
colony was resuspended in selection medium and the cells were divided over a 96 well plate.
Wells containing a single cell were used to grow the stable cell line. After 4-5 days the cells
which survived and had divided were transferred to a 12 well plates. The stable cells were grown
till 80-90% confluence. From the 12 well plate the cells were cultured in 25 cm® flasks. After
reaching 90-100% confluence the stable cells were split and a part was used to make frozen
cultures. The other part was transferred to a culture flask and used to check for rSK expression.

Stable transfection using the Flpln system. FlpIn-HEK or FlpIn-CHO cells were grown in
35 mm dishes till 70% confluence. The cells were transfected using Lipofect AMINE PLUS
reagent. Briefly, in 100 ul OptiMEM 1 ug DNA (hSKI1, rSK2-JPA or rSK3-Goe in
pcDNAS/FRT, see cloning strategies) was mixed with 9 ug pOG44 and 7 ul PLUS reagent and
incubated for 15 min at RT. 12 ul Lipofect AMINE was mixed with 100 1 OptiMEM. Then the
pre-complexed DNA and LipofectAMINE were combined and incubated for 15 min at RT. The
cells were rinsed with OptiMEM and supplied with 0.8 ml of fresh OptiMEM. Now the DNA-
PLUS-LipofectAMINE mixture was added drop by drop onto the cells. After a 5 hours
incubation 1ml of medium containing 2X serum was added and incubated for 24 hours. After 2
days, the medium was replaced by medium containing the appropriate concentration of
Hygromycin B. 3-4 days later, cells were split and maintained under selection medium. After 3-4

weeks the stable cell line was generated and cells were frozen (see 2.2.1.3).

22.1.5 Testing G418

In each well of a 6-well plate, 1x10° cells were plated and grown overnight in an incubator.

Then six different G418 concentrations (from 50 — 800 yg/ml) were applied to the wells. The
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concentration which killed all cells after 6 days of incubation was used to maintain stable cell

lines. In general, a concentration of 400 yxg/ml was used for the maintenance of stable cell lines.

222 Standard molecular biology techniques

2221 Restriction enzyme digest of plasmid DNA

For miniprep digestion 200-300 ng of isolated DNA, for digest of vector and fragment
isolation 1 ug of DNA, was added to an eppendorf tube containing: H,O, appropriate restriction
enzyme and specific digest buffer. The total volume of the mixture was 20 yl for miniprep
digestion and 40 ul for vector digestion and fragment isolation. The digest was incubated at
37°C for 1 hour or, in case of special restriction enzymes, the digest was performed according to
the manufacturer’s protocol. Subsequently, the cloning vector, but not DNA fragments, was
subjected to dephosphorylation. The dephosphorylation mixture contained the digest mixture, 1
ul alkaline phosphatase, buffer and was incubated for 1 hour at 37°C. The digest as well as the
dephosporylation reaction was stopped by adding sample buffer to the mixtures. Afterwards the

mixture was run on an agarose gel (see 2.2.2.2) and DNA fragments were isolated (see 2.2.2.3).

2222 Agarose gel electrophoresis of cDNA

DNA was analysed on gels containing 0.7-1.5% agarose dissolved in 1xXTAE and ethidium
bromide (0.4 ug/ml). The running buffer was 1xXTAE with 40 pyg/ml ethidium bromide. The
electrophoreses was performed at 70-100 mV for 40-100 minutes. 1kb, 1kb plus and/or 100bp

DNA ladders were used as markers (see 2.1.9). The bands were visualized under UV light.

2223 Gel extraction of DNA fragments

Bands containing DNA fragments were excised from the agarose gels using a 365 nm UV
light to visualize the bands and purified using the Nucleospin Extract kit. Briefly, agarose slices
were melted at 56°C in buffer NT1 (300 ux1/100 mg agarose), the dissolved mixture was loaded
on a column. The DNA was washed two times with buffer NT3 and finally eluted from the

column with buffer NE, pre-heated to 70°C to increase the yield of fragment elution.
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2224 Phenol/Chloroform extraction of DNA

Phenol/Chloroform extraction was used to remove proteins from DNA, following PCR or
restriction digestion. Samples were mixed with an equal volume of phenol and some drops of
chloroform (10 u1/60 ul), vortexed for 30 seconds and centrifuged for 2 min at maximum speed
(12.000xg). The aqueous phase was transferred to a new tube and the same volume of
chloroform was added. The mixture was vortexed again and centrifuged under the same
conditions. The upper layer (aqueous phase) containing the DNA was transferred into a fresh

reaction tube and subjected to ethanol precipitation (see 2.2.2.5).

2225 Ethanol precipitation of DNA

DNA samples were mixed with 1/20 of the volume of 8M LiCl and 3 volumes of 100 %
ethanol. Precipitation was performed at —80°C for at least 30 minutes or overnight at —20°C and
collected by centrifugation (15 min., 12.000xg). The pellets were washed twice with 75%

ethanol, air dried and resuspended in 30 ul sterile water.

2226 Fill-In reaction of overhanging DNA ends

The experiment was performed using T4-DNA polymerase which catalyses the synthesis
of DNA in the 5°—3’ direction and has a 3’—5’exonuclease activity. A total volume of 30 ul
containing 100 ng digested DNA, 100 uM dNTP’s, enzyme buffer, 2 ug T4-DNA polymerase
was placed for 15 min at 14°C followed by 15 min at 37°C. The mixture was heat inactivated (15

min at 75°C) and ligated followed by transformation.

2227 Hybridization of oligonucleotides

A set of primers was hybridized by adding 2 ul primer A (40 pmol/ul), 2 p1 primer B (40
pmol/ul), 4 ul One-Phor-All buffer (10X), to 32 1 H,O. The mixture was transferred to a metal
container, submersed for 5 min in boiling water, and incubated until the water reached RT. Then

the annealed oligonucleotides were ligated into the vector (see 2.2.2.8).
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2228 Ligation of DNA fragments

Ligation was carried out in a total volume of 20 ul containing 3 ul dephosphorylated
vector (20 ng/ul), 1 ul DNA fragments, 1 ul ligase, 5 ul ligation buffer and H,O. The ratio of
dephosphorylated vector versus DNA fragments was 1/3. The amount of background colonies
was controlled by ligation of dephosphorylated vector under the same conditions but without
DNA fragments. The mixtures were submersed in a 14°C water bath for at least 1 hour. 10 pl
ligation product was used for transformation of competent bacteria, the rest was placed back in

the water bath for 12-24 hours.

2229 Generation of competent bacteria, DH5a

Bacteria were plated onto LB-plates without antibiotics and incubated overnight at 37°C.
The following morning a single colony was inoculated into 25 ml SOB medium and was
incubated at 37°C in a shaker (220 rpm) for 6-8 hours. From this culture, 2 ml, 4 ml and 10 ml
was inoculated into 1- or 2 liter flasks containing 250 ml SOB medium and shaken (150 rpm) at
18°C overnight. Then the OD was monitored until an OD of 0.55 was reached. The culture with
the appropriate density was transferred to an ice-water bath for 10 min. The bacteria were
harvested by centrifugation at 2.500xg for 10 min at 4°C, followed by aspirating the medium and
resuspension of the bacteria in 80 ml ice cold TB buffer. Again the bacteria were harvested as
described above and resuspended in 20 ml ice cold TB buffer. Under gentle swirling, 1.5 ml of
DMSO was added to the bacterial suspension and stored for another 10 min in the ice bath. Then
the suspension was aliquoted in microfuge tubes (100 ul/tube) and immediately snap-frozen by

immersing the tubes in a bath of liquid nitrogen and stored at -80°C.

2.22.10  Transformation of competent bacteria, DH5a

10 ul of ligation product was mixed with 100 ul competent bacteria and placed on ice for
15 min. Meanwhile 100 x1 LB medium was warmed to 37 °C. The ligation/bacteria mixture was
transferred to a heating block at 37 °C for 5 minutes. The pre-heated LB medium was added to
the mixture and incubated for 15 min at 37 °C. After the incubation, the mixture was plated onto
LB-plates containing Ampicillin or Kanamycin. The plates were placed in an incubator (37 °C)

for 12-15 hours and 4-8 single colonies were picked to start bacterial cultures.
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22211 Isolation of DNA from bacteria cultures

Single colonies were grown overnight in 5 ml (miniprep) or 150 ml (midiprep) LB medium
with appropriate antibiotics and DNA was isolated using the Nucleobond Plasmid kit,
Nucleobond AX kit or the STET method.

Nucleobond Plasmid (for minipreps). Briefly, 5 ml bacterial cultures were pelleted (5 min,
3.200xg) and resuspended in buffer A1l. Then lysis buffer A2 was added to the cell suspension
and gently mixed by inverting the tubes. Buffer A3 was added to the lysate and incubated for 5
min at RT. The cell debris was precipitated by centrifugation (10 min, 11.000xg), the clear lysate
was transferred to a NucleoSpin column (silica membrane) and centrifuged for 30 sec at
10.000xg. The flow-through was discarded and the column was washed with buffer A4. Plasmid
DNA was eluted from the column with buffer AE and stored at 4°C.

Nucleobond AX (for midipreps). The 150 ml bacterial culture was harvested by centrifugation at
7.000xg for 10 min at 4°C and resuspended in buffer S1. Subsequently, the cells were lysed in
buffer S2 and buffer S3 was added followed by precipitation of chromosomal DNA at 3.200xg
for 10 min at 4°C. Directly after centrifugation, the clear lysate was poured through a filter. The
flow-through was collected and loaded on a nucleobond AX cartridge. The cartridge was
washed with buffer N3 and the DNA was subsequently eluted with buffer N5. The plasmid DNA
was precipitated with 0.7-0.8 volumes of isopropanol, centrifuged at 16.000xg for 30 min at 4°C
and washed with 75% ethanol, followed by a final centrifugation step (15.000xg for 10 min at
4°C). Finally the DNA was redissolved to a final concentration of 1 ug/ul in sterile water.

STET method. 1.5 ml of the bacterial culture was collected (30 sec at 16.000xg) and the medium
was gently aspirated. Bacterial precipitates were resuspended in 350 ul STET and 25 ul
lysozyme (10mg/ml) was added. The mixture was placed for exactly 40 seconds in boiling water
and the lysate was centrifuged for 15 min at 16.000xg. The supernatant was transferred to a new
1.5 ml tube, 40 ul NaAc (3M) and 420 ul isopropanol was supplemented to precipitate the DNA.
Subsequently the mixture was vortexed, incubated for 5 min at RT and centrifuged (16.000xg)
for 10 min at RT or 4°C. The DNA/RNA precipitate was rinsed with cooled (4°C ) 75% ethanol
and resuspend in 50 u1 TE (pH 8.0), store at 4°C (short time) or at -20°C (long term). Restriction
enzyme digestion (see 2.2.2.1) of the DNA samples obtained with the STET method were

performed in the presence of RNase (2mg/ml).
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2.2.2.12  Amplification of DNA using PCR

Amplification of DNA fragments from plasmid DNA using Pfu. In a 200 ul reaction tube,
60 ul sterile water contained 200-300 ng template DNA, 1yM of each primer and 0.2 mM
dNTP’s. This mixture was denaturated for 3 minutes at 92°C, paused and a second mixture,
containing 1 yl1 Pfu, 10 ul buffer (10X) and 29 u1 H,O, was added. Then the PCR was started,
the setting for one PCR cycle was: denaturation: 30 sec at 94°C; annealing: 30 sec at X °C (T);
and elongation: 1 min/kilobase at 72°C. The annealing temperature (T,,) was depending on the
melting temperature of the primer with the lowest T,; and was calculated using the following
formula: T,,= 4x(G+C) + 2x(A+T). The amount of cycles during amplification was varied from
15-25. When all cycles were completed there was a final elongation of 7 min at 72°C followed

by cooling to 4°C.

22213 Overview vectors

Overview cellular marker vectors

pPEGFP-F vector

Apal |
(4434)

Nhel (592)
Ecod7 1l (597)
Agel (601)

*:)i}gu( EGFP-F
pEGFP-F A

4.8 kb
SV40

s
SV40 ori 1

Pov, P o

Eco(alélng |
18929) BsrG | (1323)

Miul 1717)

Dralll (1947)

Stul

(2653) A Ras farnesylation signal

Vector encodes for a farnesylated enhanced green fluorescent protein. EGFP is tagged at
the C-terminus with the farnesylated signal of c-Ha-Ras. The fusion protein is targeted to the

plasma membrane.
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pEYFP-Golgi

Eco0109 |
(4041)

HSV TK
. EYFP
PVA pEYFP-Golgi
4.9 kb

A =81a.a. of Human-GT precursor
81 amino acids of the precursor of the human beta 1,4-galactosyltransferase are fused to
the EYFP protein. The fusion protein allows specific labeling of the trans-medial region of the

Golgi apparatus.
Overview cloning and expression vectors

pcDNAS/FRT

puUC ori

pcDNAS/FRT is a cloning vector used to incorporate channel DNA. The generated
construct and pOG44 (coding for the Flp recombinase) are used together with Flp-In cell lines to
generate cell lines stably expressing the channel. The integration of the gene of interest occurs
between the FRT site in the plasmid, which will recombine with the FRT site in the Flpln cells
chromosome. This integration is catalyzed by the Flp recombinase. Furthermore, the vector
contains the Hygromycin B resistance marker under the