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Summary 
 

Twofold positive charged calcium ions (Ca2+) serve as ubiquitous second messengers 

for communication within cells. Depending on the appearance of different spatio-

temporal Ca2+ signals, Ca2+ is able to activate or inhibit various Ca2+ dependent 

proteins. Some of these Ca2+-sensitive protein molecules work as so called scaffold 

proteins that act as platforms for interaction proteins. Thereby Ca2+-regultated 

translocations may occur resulting in an amplification, activation or inhibition of distinct 

signaling pathways. 

In the present study, it was intended to identify new, yet unknown Ca2+ dependent 

scaffold proteins or their interaction partners in endothelial cells by the use of two 

different independent approaches. In the first proteomic approach protein extracts of 

various cell compartments were visualized using 2D-gel electrophoresis before or after 

a cell stimulation with histamine. The histamine-induced cellular Ca2+ elevation resulted 

in the translocations of Valosin containing protein from the nucleus to the cytosol and 

Peroxiredoxin 1 towards cellular membranes. Further experiments are necessary to 

understand these still unknown Ca2+ dependent effects. 

In the second bioinformatic approach Gaf1, γ-SNAP associated factor 1, was identified 

to serve as a putative Ca2+ regulated scaffold protein. Using several biochemical 

strategies such as protein overexpression, gene silencing via siRNA or mutagenesis, 

the functional role of Gaf1 was tested. Thereby it was observed that Gaf1 is involved in 

the regulation of Ca2+ entry form the plasma membrane into the mitochondria and 

further into the cytosol as well as into the endoplasmic reticulum (ER). The Ca2+ release 

from the ER and the direct Ca2+ refilling of this Ca2+ store was not under the control of 

Gaf1. These results indicate that Gaf1 is involved in the selective transfer of 

extracellular Ca2+ into the mitochondrial matrix during cell stimulation. Therfore Gaf1 

may act as a linking protein between a plasma membrane Ca2+ channel and the 

mitochondria. Moreover further observations confirmed this hypothesis as the inhibition 

of mitochondrial motility by Ca2+ in single cells during histamine stimulation was found to 

be Gaf1 dependent and Gaf1-Citrine was mainly observed to be localized at sites of the 

plasma membrane. 
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1 Introduction 
 

1.1 Endothelial Cells (EC) 

The term endothelium was coined by the swiss anatomist  Wilhelm His in 1865, to 

differentiate the inner lining of body cavities from epithelium. The original definition 

included the cell lining of blood vessels, lymphatics, and mesothelial-lined cavities and 

was later narrowed to include only the inner cell layer of blood vessels and lymphatics 

(Aird WC., Circulation Research 100: 158-173, 2007). Since that time the structural 

composition of blood vessels were of special interest in the scientific field and in the 

early 1970s endothelial cells were first isolated and cultivated (Jaffe EA. et al., J. Clin. 

Invest. 52: 2745-2756, 1973). This was the crucial step for the understanding of 

endothelial function, as it offered the possibility to observe them independently of being 

influenced by neighbored tissue. 

According to the diversity and complexity of their functions (1.1.1) and their total weight 

of about one kilogram in a human body, today endothelial cells are mostly interpreted as 

a whole organ, the endothelium (Just H., Biotechnology in Drug Research 44: 382-384, 

1994).  

In most of the endothelial functions (1.1.1) and dysfunctions (1.1.2) calcium plays a 

major role (1.4). Additionally, this can induce a change in the protein composition of cell 

compartments like plasma membrane, mitochondria, ER or nuclei. Such changes may 

play a key role in the regulation of various endothelial cell functions and might be also 

related to the development of human disease. However, the flexibility of protein 

composition in response to different stimuli in a large scale approach has not been 

performed so far.  

1.1.1 Endothelial Functions 

For a long time endothelial cells were restricted to be a non-reactive barrier between 

blood and tissue acting as a non-thrombogenic surface for blood flow and guarding 

against pro-inflammatory insults. However, the discovery of the multiple functions of EC 

began in the early 1980s and lasts until now. Accordingly, it was found out that EC are 

essential for the regulation of the vascular tone, as it was observed by Furchtgott and 

Zawadsky that EC are essential for the relaxation of vessels (Furchtgott RF. et al., 

Nature 288: 373-376, 1980). Furthermore it was found that EC mediate immune 
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reactions (Cotran RS., Am. J. Pathol. 129: 407-413, 1987), participate in hemostasis 

(Nawroth P. et al., Clin. Haematol. 14(2): 531-546, 1985) and are involved in 

angiogenesis (Jaffe EA., Ann N Y Acad Sci. 454: 279-291, 1985). Moreover it senses 

mechanical stimuli, like shear stress or blood pressure, and hormonal stimuli like 

vasoactive substances and therefore response in a release of agents (mediators) to 

regulate vasomotor function, trigger inflammatory processes, and affect hemostasis. 

Accordingly these cells both produce and react to a wide variety of mediators including 

cytokines, growth factors, adhesion molecules, vasoactive substances and chemokines, 

with effects on many different cells. A detailed list of so far known most important 

functions and its mediators of EC is presented in Figure 1. 

 

 
Figure 1: Endothelial Cell Functions 
Endothelial cells have both metabolic and synthetic functions. Through the secretion of a large variety of 
mediators they are able to influence cellular function throughout the body (Galley HF. et al., British 
Journal of Anaesthesia 93.1: 105-113, 2004) 

1.1.2 Endothelial Dysfunction 

According to the multiple functions (1.1.1) the endothelium is involved in a network of 

interactions between cells, cellular factors, humoral factors and matrix components, and 

endothelial malfunctions are the cause of a great variety of pathophysiological states. 

Endothelial Dysfunction (ED) is characterized in a malfunction of endothelial actions: 

(1). Reduced nitric oxide generation, oxidative stress or reduced production of 
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hyperpolarizing factor are leading to a reduced vasodilation. (2) Upregulation of 

adhesion molecules or generation of chemokines results in an inflammatory response 

and contribute to a prothrombic state. Thus, ED is associated with most forms of 

cardiovascular disease, like atherosclerosis, vasospasm, hypertension, coronary heart 

disease, chronic heart failure, peripheral artery disease, diabetes, and chronic renal 

failure (ED in detail shown in Figure 2, Endemann DH. et al., Am Soc Nephrol 15:1983-

1992, 2004), but also in inflammation, cancer, insulin resistance or metabolism. 

Therefore, there is a great demand of in vitro models for the study of various diseases 

on a cellular basis provided by endothelial cell cultures. 
 

 
Figure 2: Endothelial Cell Dysfunctions 
 

1.2 Mitochondria: Structure and Function 

In electromicroscopy images mitochondria are ~ 1-2 µm long organelles that are 

typically present in a high number up to 2,000 of nearly all eucaryotic cells. This image 

has been dramatically changed by the introduction of high resolution live cell imaging 

techniques (e.g. confocal laser scanning microscopy) that revealed mitochondria to be 

highly dynamic organelles that undergo continuous fission and fusion processes. They 

are boarded by two membranes, a smooth outer mitochondrial membrane (OMM) and a 

tubular folded (cristae) inner mitochondrial membrane (IMM) with a large surface 

enclosing the mitochondrial matrix. According to the endosymbiont theory that 

mitochondria originally derived from anaerob bacteria they possess their own circular 
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DNA (4 molecules per mitochondrion) and their own ribosomes. In human the 

mitochondrial genome consists of 16569 base pairs that encode 13 proteins (most are 

subunits of complexes from the respiratory chain) and t-RNAs for the organelle’s own 

protein synthesis. Only these proteins are synthesized by the mitochondrion itself, while 

all the other mitochondrial proteins are encoded in the nuclear genome and have to be 

imported after the translation from the cytoplasm (Neupert W., Annu. Rev. Biochem. 66: 

863-917, 1997). The OMM consists of pores for the passage of molecules smaller than 

10 kDa, whereas the IMM is highly impermeable (except water, O2, CO2, and NH3 can 

pass), while all other substrates for the mitochondrial metabolism as well as its products 

have to be active transported by specific transport systems. As the IMM is also 

impermeable for protons (H+) and the complexes I, III and IV of the respiratory chain 

pump H+ from the matrix into the intermembrane space a proton gradient is generated 

that may conserve chemical energy. An IMM associated enzyme, the ATP-synthase, 

uses this energy for the production of ATP from ADP and anorganic phosphor 

(Oxidative Phosphorylation), which is the energy source of a cell. In addition to that, 

mitochondria like the ER act as intracellular calcium stores (Dhalla NS., Arch. Int. 

Physiol. Biochim. 77: 916-934, 1969; Rizzuto R. et al., Science 280: 1763-1766, 1998). 

Furthermore they play an important role in apoptosis (Er E. et al., Biochim. Biophys. 

Acta 1757: 1301-1311, 2006; Schwarz M. et al., Apoptosis 12: 869-876, 2007), 

moreover it was convincingly reported that mitochondrial Ca2+ is interrelated to 

apoptosis (Demaurex N. et al., Science 300: 65-67, 2004; Scorrano L. et al., Science 

300: 135-139, 2003; for reviews see: Hajnoczky G. et al., Cell Calcium 40: 553-560, 

2006; Armstrong JS., Mitochondrion 6: 225-234, 2006; Chan DC., Cell 125: 1241-1252, 

2006).  

However, these are well accepted functions of mitochondria, today they become more 

and more important as it was recently reported that they may act as essential 

intracellular communicators, which are virtually involved in every signaling cascade and 

metabolic process (Graier WF. et al., Pflugers Arch. Eur. J. Phys. 455.3: 375-396, 

2007). Therefore mitochondrial dysfunction associates with a number of diseases like 

atherosclerosis, diabetes, neurological disorder, cancer or aging processes that have 

their origin in a variety of pathogenetic mutations of either mitochondrial or nuclear 

DNA.  

Accordingly, beside the fundamental role of mitochondria to supply energy that is well 

understood over the last 2 decades, mitochondria received more into focus to regulate 
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intracellular signaling events. Thus, two phenomena of mitochondrial functions are 

believed to accomplish these: 

The complex processes that occur in mitochondrial motility (1.3)  

The regulation of cellular calcium by mitochondria (1.4, 1.5, 1.6). 

 

1.3 Mitochondrial Motility 

The phenomenon of mitochondrial motility was first documented in 1915 (Lewis, MR. et 

al., Am. J. Anat. 17: 339–401, 1915) and for a long time had been elusive until it was 

found to be driven by a cytoskeleton-based transportation system. Accordingly they 

were visualized by Malli R. (Figure 3) and others in various cell types to be in 

association with microtubles (Ball EH. et al., PNAS 79: 123-126, 1982), microfilaments 

(Drubin DG. et al., Mol. Biol. Cell. 4: 1277-1294, 1993; Morris RL. et al., J. Cell Biol. 

131: 1315-1326, 1995), and intermediate filaments (Summerhayes IC. et al., J. Cell Sci. 

61: 87-105, 1983; Stromer MH. et al., Cell Motil. Cytoskeleton 17: 11-18, 1990). In order 

that these cytoskelatal elements are hardly moveable they are acting as a fixed 

framework for mitochondrial motility. Accordingly it was found out that a synchronized 

interplay of several proteins are necessary to move mitochondria along these 

cytoskeletal elements: (1.) docking or adaptor proteins that link and anchor 

mitochondria to cytoskeletal fibres; (2.) motor proteins that are responsible for the 

driving force of and (3.) receptor proteins that allow mitochondria to move in a directed 

and regulated way to signaling events. Some motor proteins have been already 

identified e.g. dynactin for the microtubular motor protein (Habermann A. et al., J. Cell 

Sci. 114: 229-240, 2001), dynein (Varadi A. et al., J. Cell Sci. 117: 4389-4400, 2004) or 

both dynein and kinesin (Deacon SW. et al., J. Cell Biol. 160: 297-301, 2003). 

Movements of mitochondria towards the plus end are established by kinesin motors, 

while those to the minus end are done by dynein motor proteins (Tanaka Y. et al., Cell 

93: 1147-1158, 1998). Adaptor proteins are still under debate, but mainly  seem to 

belong to the complex superfamily of Ras GTP-ase (Szabadkai G. et al., Biochim. 

Biophys Acta 1763: 442-449, 2006), now consisting of at least seven families of proteins 

(Sar1, Arf, SRb, Rab, Ran, Ras, Rho; Leipe DD. et al., J. Mol. Biol. 317.1:41-72, 2002). 

However, some of them have already been identified (for reviews see Frederick RL. et 

al., Traffic 8: 1668-1675, 2007; Boldogh IR. et al., Trends in Cell Biol. 17.10: 502-510, 

2007; Pfeffer SR., Trends in Cell Biol. 11.12: 487-491, 2001) , e.g. Rab32 (Alto NM. et 

al., J. Cell Biol. 158: 659-668, 2002) or Miro (Fransson A. et al., J. Biol. Chem. 278: 
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6495-6502, 2003). Thus, mitochondria are highly dynamic organelles and can be 

defined into two main kinds of movements, long-distance travel and complex local 

actions (for review see Yaffe MP., Nat. Cell Biol. 1: E149-E150, 1999). The control of 

mitochondrial motility by signaling mechanisms and the significance of rapid changes in 

motility remains elusive and it is still unclear, how and why mitochondria are moving, but 

several functions are postulated for these actions. Movements may rearrange the 

spacial pattern of ATP production, Ca2+ buffering, increase the change of dynamic 

interactions between discrete organelles or aid in the transport of molecules between 

the cytoplasm and mitochondria. 

 
Figure 3: Colocalization of mitochondria with microtubules (MT) 
Ea.hy926 cells co-transfected with mtDSRed and tubulin-pEYFP. Z-scans were performed on an array 
confocal laser scanning microscope applying 514 nm excitation and measuring 570 nm emission for 
mtDSRed or 488 nm excitation and 535 nm emission for tubulin-pEYFP (Clontech). The MT and 
mitochondria z-stacks were deconvoluted using the interactive quick maximum likelihood estimation 
algorithm (QMLE) of huygens 2.4.1p3 (SVI, Hilversum, Netherlands). 3-D reconstruction of the 
mitochondrial and microtubular networks were performed with the Imaris 3.3 software (Bitplane AG, 
Zürich, Switzerland). A: Distribution of MT(green) and mitochondria(red) in an endothelial cell. B: Focal 
contacts between MT and mitochondria. 
 
Interestingly, mitochondrial motility depends on intracellular calcium concentration 

[Ca2+]c (Rintoul GL. et al., J. Neuroscience 23.21: 7881-7888, 2003). Whenever a rise in 

[Ca2+]c occurs by either Ca2+ mobilization or Ca2+-entry movements decreases that may 

include the involvement of a distinct Ca2+ sensor molecule or receptor protein (Vale 

RD., Cell 112: 467-480, 2003). As one putative candidate of such a Ca2+ receptor 

protein Myosin Va was identified, a motor protein  which is able to bind CaM (Reck-

Peterson SL. et al., Biochim. Biophys. Acta 1496: 36-51, 2000) and display Ca2+-

dependent interaction with MTs (Cao TT. et al., Mol. Biol. Cell. 15: 151-161, 2004) or 

actin-filaments (Tauhata SB., et al., J. Biol. Chem. 276: 39812-39818, 2001; 

Krementsov DN. et al., J. Cell Biol. 164: 877-886, 2004). In addition to that 

A B 
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mitochondrial motility is that sensitive to [Ca2+]c that it can be regulated and measured 

by clamping cytosolic calcium [Ca2+]c at various levels in the physiological range (Yi M. 

et al., The Journal of Cell Biology 167.4: 661-672, 2004). 

Accordingly, regarding mitochondrial motility, their starts, stops and redistribution can be 

also regulated by physiological events and intracellular signaling. 

 

1.4 Calcium Signaling 

1.4.1 Early discoveries 

Calcium (Ca2+) is one of the most important second messenger and ubiquitous in all life-

forms. The relevancy of Ca2+-ions for signal transduction and its maintenance in 

biological processes was first documented in 1883 with the discovery of the 

electromechanical coupling of muscles (Ringer S., J. Physiol. 4: 29-42, 1883). Much 

later the ‘theory of cell stimulation’ was described by the observation of a dramatic 

elevation of intracellular calcium upon cell stimulation (Heilbrunn LV. et al., J. Cell 

Comp. Physiol. 19: 15-32, 1947). Nevertheless even this observation passed away 

unnoticed until the tide began to turn in the 1960s with the finding that Ca2+-uptake into 

sarcoplasmic reticulum vesicles is mediated by a Ca2+, Mg2+-ATPase (Ebashi S. et al., 

Prog. Biophys. Mol. Biol. 18: 123-183, 1968). At the very same time it was discovered 

that Ca2+-channels controlled by membrane voltage allow the specific regulated 

pathway for transmembrane Ca2+-entry (Katz B. et al., J. Physiol. 189: 535-544, 1967). 

Additionally with the technical developments of the patch-clamp technique (Neher E. et 

al., Nature 260: 799-802, 1976) and Ca2+-sensitive fluorescent dyes (Tsien RY., Nature 

290: 527-528, 1981) the large expansion in understanding calcium signaling was 

accomplished. Nowadays it is known that Ca2+ displays a major role in the regulation of 

enzyme activity, cell metabolism, intracellular communication, permeability of the cell 

membrane, cell division and cell death (for review see Peterson OH. et al., Cell Calcium 

38: 161-169, 2005). 

1.4.2 Introduction to Calcium signaling 

In eucaryotic cells basal intracellular [Ca2+] is in the range of 100-150 nM, whereas the 

extracellular [Ca2+] is much higher by a factor of 1,000-10,000, e.g. in human blood 1.5-

2.5 mM. Thus, this gradient arranges the mediation of information and signals across 

the plasma membrane (Kirischuk S. et al., FASEB J. 11.7: 566-572, 1997). During 
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stimulation of a cell the intracellular [Ca2+] gets elevated up to more than 1 µM 

depending on the cell type (Bootman M. et al., Semin. Cell Dev. Biol. 12: 3-10, 2001). 

Beside the extracellular Ca2+ there are intracellular Ca2+-stores, like the ER or 

mitochondria that are able to release their Ca2+ upon activation of distinct signaling 

pathways or buffer it in order to maintain the lower [Ca2+]cyto and refill (Putney JW. jr., J. 

Physiol. 268: 139-149, 1977). Additionally they are able to influence Ca2+ signals by 

intercepting, prolonging or delimiting them. Mitochondria are able to attenuate Ca2+-

waves in the uptake of entering Ca2+, which is pumped out thereafter in order to control 

and prolong Ca2+ signals (Rizzuto R. et al., J. Physiol. 529.1: 37-47, 2000; Hajnoczky G. 

et al., Cell Calcium 40: 553-560, 2006). The Ca2+ uptake is performed by the 

mitochondrial calcium uniporter (MCU) that has recently been identified to consist of 

members of the UCP family (Trenker M. et al., Nat. Cell Biol. 9: 445-452, 2007). The 

active transport of Ca2+ into the ER is accomplished by the sarco/endoplasmic reticulum 

Ca2+ ATPase (SERCA). 

Depending on the cell type different functions and processes are initiated by Ca2+, e.g.: 

release of insulin in β cells, activation of the actin-myosin interaction in contractile 

muscle cells or delivery of acetylcholine in neurons. In endothelial cells the cytosolic 

calcium concentration, [Ca2+]cyto, is essential for the regulation of the vascular tone. 

Beside these functions Ca2+ signals are involved in many other processes like mitosis, 

apoptosis or synthesis of mediators like zytokines. The versatility of this ion to act as 

such a multifunctional messenger is essential in cell biology and depends on the cell’s 

potential to shape Ca2+ signals in space, time and amplitude. 

1.4.3 Plasma Membrane Ca2+-Channels 

In general plasma membrane Ca2+-channels can be classified into four separated 

groups. The opening of these channels result in a passive transport of Ca2+ into the cell 

increasing the [Ca2+]cyto: 

1.  Voltage operated channels (VOC): These are mainly expressed in excitable cells 

like muscle (L-type Ca2+-channel) or nerve cells (N-type, P/Q-type and T-type Ca2+-

channels) and get opened upon depolarization of the cell membrane resulting in a 

huge[Ca2+]cyto elevation within milliseconds (Cao YQ., Pain 126: 5-9, 2006). 

2.  Receptor operated channels (ROC): These are mainly located in neurons, e.g.  

ionotropic receptors for amino acids like glutamate (NMDA-receptors; Hu B. et al. Acta 

Pharmacol. Sin. 25: 714-720, 2004), for nucleotides (P2X-receptors; Burnstock G., Cell. 

Mol. Life Sci. 64.12:1471-1483, 2007), the nicotinic acetylcholin-receptor (Rogers M., J. 
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Neurophysiol. 77: 1407-1417, 1997) or receptor-activated calcium entry channels in EC 

(Jousset H. et al, Cell Calcium 43: 83-94, 2008).  

3.  Second messenger-operated channels (SMOC): These are activated by 

intracellular second messenger. Some open in response to cyclic nucleotides like cAMP 

or cGMP (Lenz T. et al., Am J Physiol Cell Physiol 273: C1526-C1532, 1997). Other 

channels react on arachidonic acid (van der Stelt M. et al. Eur. J. Biochem. 271: 1827-

1834, 2004; Graier WF. et al., Journal of Physiology 482.2: 259-274, 1995;  ). Many of 

the SMOCs are members of the TRPC family (Vazquez G. et al., Biochim. Biophys. 

Acta 1742: 21-36, 2004). 

4.  Channels that get activated upon depletion of intracellular Ca2+-stores 

(Capacitative channels, store-operated channels, transient receptor potential channels): 

The capacitative Ca2+ entry (CCE) occurs through TRPCs in non-excitable cells (1.4.4). 

According to Puntney’s hypothesis that intracellular increased Ca2+ levels cause an 

additional Ca2+-influx, this phenomenon is also called store-operated calcium entry 

(Putney JW., Cell Calcium 7: 1-12, 1986; Dutta D., J. Biosci. 25: 397-404, 2000). 

 

1.4.4 Ca2+-channeling in non-excitable cells 

Electrically non-excitable cells like firbroblasts, adipocytes or endothelial cells are not 

able to propagate action potentials. The main mechanism of Ca2+ mobilization in these 

cells is established through the generation of inositol-1,4,5-triphosphate (IP3), that is 

initiated by the binding of a hormone/agonist to a G-protein-coupled receptor (GPCR) 

located in the plasma membrane. The receptor stimulation is coupled with a G-protein 

that in turn actives the enzyme phospholipase C (PLC) to catalyze the hydrolysis of 

phosphatidylinositol-4,5-biphosphate (PIP2) resulting in the formation of IP3 and 

diacylglycerol (DAG). Intracellular Ca2+-stores like the sarco-/endoplasmic reticulum 

offer IP3- and RyR-receptors, which act as Ca2+ channels(Berridge MJ. et al., Nature 

312: 315-321, 1984). When IP3-receptors are activated by the generated IP3, Ca2+ gets 

depleted from the ER (Supattapone S. et al., J. Biol. Chem. 263: 1530-1534, 1988). The 

released Ca2+ into the cytosol generating complex local and global Ca2+ signals (1.4.5) 

that regulate numerous physiological processes, but is spatiotemporarily limited as it 

gets uptaken either through the SERCA again into the ER or through the MCU into the 

mitochondria (for reviews see Foskett et al., Physiol. Rev. 87: 593-658, 2007; Yoshida 

Y. et al., Jpn. J. Pharmacol. 74: 125-137, 1997).  
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Ca2+ and DAG together activate the enzyme protein kinase C (PKC) due to a 

phosphorylation of different proteins and therefore modulate their function (Huang KP., 

Trends Neurosci. 12: 425-432, 1989). 

 

Instead of VOC, non-excitable cells just express SOC that regulate the [Ca2+]cyto upon 

Ca2+ entry and therefore is called CCE (Parekh AB. et al., Physio. Rev. 77: 901-930, 

1997). The CCE is initiated by an ER Ca2+ store depletion and occurs within seconds or 

minutes in opening the voltage-independent plasma membrane cation channels that are 

termed SOC (for reviews see Nilius B. et al., Physiol. Rev. 81: 1415-1459, 2001; Putney 

JW. jr. et al., J. Cell Sci. 114: 2223-2229, 2001; Parekh AB. et al., Physiol. Rev. 85: 

757–810, 2005). As SOCs are activated by emptying the ER Ca2+-stores (1.6.), this 

happens by IP3 produced upon either activation of G-protein-coupled or tyrosine kinase 

receptors. Although it is still elusive which proteins are involved in CCE, it was throughly 

demonstrated that CCE is inhibited if [Ca2+]cyto is elevated at the mouth of the channels 

(Hoth M. et al., J. Cell Biol. 137: 633-648, 1997; Parekh AB., J. Biol. Chem. 273: 14925-

14932, 1998; Gilabert JA. et al., EMBO J. 19: 6401-6407, 2000; Hoth M. et al., PNAS 

97: 10607-10612, 2000). Furthermore it was shown in endothelial cells that superficial 

ER domains are able to create spatial Ca2+ gradients near the PM, so called 

subplasmamembrane Ca2+ control units (SCCU), activating local BKca channels (Graier 

WF. et al., The Journal of Physiology 506.1: 109-125, 1998; Paltauf-Deburzynska J. et 

al., The Journal of Physiology 513.2: 369-379, 1998; Frieden M. et al., J. Physio. 524: 

715-724, 2000). Whenever BKca channels get activated during strong cell stimulation, a 

strong CCE takes place even in regions far from the ER. In addition to that local 

buffering of the subplasmalemmal [Ca2+] occurs via activation of K+ channels in parallel 

to a Ca2+-regulated CCE (Frieden M. et al., J. Physio. 540: 73-84, 2002). This local 

subplasmalemmal Ca2+ buffering is thought to get achieved by mitochondria (Hofer AM. 

et al., J. Cell Biol. 140: 325-334, 1998; Gilabert JA. et al., EMBO J. 20: 2672-2679, 

2001; Malli R. et al., J. Biol. Chem. 278.45: 44769-79, 2003) and therefore facilitates 

CCE in lowering [Ca2+] in regions next to the SOCs (Duchen MR., Cell Calcium 28: 339-

348, 2000; Malli R. et al., J. Biol. Chem. 278: 10807-10815, 2003). 

1.4.5 Local and Global Ca2+ events 

Notable, Ca2+ elevations may occur local or global and may appear different in terms of 

their time-frames and amplitude (Bootman MD. et al., J. Cell Sci. 114: 2213-2222, 

2001). Accordingly the diversity and plasticity of Ca2+ are different as there are short 
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Ca2+ spikes, long lasting signals, oscillating Ca2+ waves or local Ca2+ microdomains. 

The latter are mainly localized next to the mouth of channels (10-100 nm) and are often 

initiating global Ca2+ transients (Canela JM. et al., EMBO J. 21: 909-919, 2002). An 

important mechanism for the transformation of local Ca2+ events into global is the 

calcium-induced calcium release (CICR). Therfore Ca2+ gets depleted from the ER by 

the activation of either IP3- or RyR-receptors. For the IP3-receptor it was demonstrated 

that low [Ca2+]cyto acts as a stimulant, whereas [Ca2+]cyto higher than 300 nM work 

against the opening of this ion channel (Taylor CW. et al., Cell Calcium 32: 321-334, 

2002; Bezprozvanny I. et al., Nature 351: 751-754, 1991). The stimulatory effect is of 

main importance for coordinating the elementary Ca2+ release events into spikes or 

waves. RyR-receptors behave similar as they are just activated at low µM Ca2+]cyto, but 

inhibited in the presence of nM or mM [Ca2+]cyto (Verkhratsky A. et al., Cell Calcium 19: 

1-14, 1996). Like the IP3-receptor is additionally opened by IP3 even at higher [Ca2+]cyto 

(1.4.4) the RyR-receptor gets activated upon stimulation with cADPR or caffeine 

(Gallant EM. et al., Am. J. Physiol. Cell Physiol. 286: C821-830, 2004). 

Due to this complex temporal and spatial arrangement of Ca2+ offers a large variety of 

responses for the cell. Each cell expresses a precisely defined composition of proteins, 

which are able to mediate or participate in distinct Ca2+ activated signal transduction 

pathways (Berridge MJ. et al. Nat. Rev. Mol. Cell Biol. 1: 11-21, 2000; da Silva CP. et 

al., Biochim. Biophys. Acta 1498: 122-133, 2000). Thus, different signals can be 

induced by just one ion, Ca2+ (Berridge MJ. et al., Nat. Rev. Mol. Cell Biol. 4: 517-529, 

2003). 

 

1.5 Regulation of Ca2+ influx by mitochondria 

During the last 15 years it was observed that mitochondria are in focal contacts with 

sites of the plasma membrane (PM) maintaining a direct Ca2+-entry from a selective 

plasma membrane Ca2+-channel through the MCU into the mitochondrial matrix 

(Rizzuto R. et al., Science 262: 744-747, 1993; for reviews see Duchen MR., Cell 

Calcium 28: 339-348, 2000; Parekh AB. and Putney JW.jr., Physiol. Rev. 85: 757–810, 

2005). Several examples regarding this transaction were reported by a number of 

scientists in various cell lines using different techniques: 

In ECV304 cells, < 4 % of mitochondria are within 700 nm of the ER (65 % in HeLa), 

whereas 14 % are within 700 nm of the inner surface of the PM (< 6 % in HeLa). 

Following readdition of extracellular Ca2+ after Ca2+ depletion upon ATP stimulation an 
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increase in [Ca2+]mito was evoked but not in [Ca2+]cyto. This result may indicate that in 

ECV304 cells microdomains of high [Ca2+]cyto may occur beneath the PM resulting in the 

preferential elevation of mitochondrial Ca2+ located in this region during Ca2+ readdition 

(Lawrie AM. et al., J. of Biol. Chem. 271.18: 10753-10759, 1996). 

In parenteral T-Jurkat cells it was observed that mitochondria do not just act to buffer 

intracellular Ca2+, but are also able to regulate the CCE. This was demonstrated by 

depletion of the ER Ca2+ store using the SERCA inhibitor thapsigargin (TG) that in turn 

activates the Ca2+ release-activated Ca2+ (CRAC) -channels, and the ensuing influx of 

Ca2+ loads a TG-insensitive intracellular store, the mitochondria. This Ca2+ uptake by 

the mitochondrial store is sensitive to different extracellular [Ca2+] (Hoth M. et al., J. Cell 

Biol. 137.3: 633-648, 1997). 

In chromaffin cells it was found that stimulation generates localized Ca2+ transients, with 

[Ca2+]cyto of above 20-40 µM (Ca2+ hotspots) and mitochondria that are strategically near 

these Ca2+ hotspots may absorb Ca2+ resulting in a large mitochondrial Ca2+ uptake. 

Accordingly [Ca2+]mito can reach the millimolar range in these cells. Moreover it was 

concluded that about 30 % of mitochondria co-localized with both plasma-membrane 

Ca2+ channels and ryanodine receptors, 20 % of mitochondria just co-localize with the 

PM and the remaining 50 % of mitochondria were located far away from these Ca2+ 

hotspots (Montero M. et al., Nat. Cell Biology 2: 57-61, 2000). 

Finally it was shown in Ea.hy926, a human umbilical vein endothelial cell derived line, 

cells using the patch clamp technique that mitochondria located just below the PM 

prevented subplasmalemmal [Ca2+] from rising high enough to open Ca2+-dependent 

K+-channels following histamine stimulation. Through maintaining a low Ca2+ 

concentration at these sites, it was suggested that mitochondria sustain store-operated 

Ca2+ entry by preventing Ca2+-dependent inactivation of the Ca2+ entry channels. 

Indeed, mitochondrial depolarization with a protonophore or antimycin substantially 

reduced the size of the cytoplasmic Ca2+-signal following Ca2+ readdition to cells treated 

with histamine or BHQ (Malli R. et al., J. Biol. Chem. 12.21: 10807-10815, 2003). 

Remarkably, inhibition of mitochondrial Ca2+-release by blocking the Na+/Ca2+-

exchanger located on the inner mitochondrial membrane also impaired Ca2+-influx, 

suggesting that trans-mitochondrial flux is essential for maintaining store-operated entry 

(Figure 4; Malli R. et al., J. Biol. Chem. 278.45: 44769–44779, 2003; Malli R. et al., J. 

Biol. Chem. 280.13: 12114-12122, 2005). 
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Figure 4: Schematic illustration of the Ca2+ fluxes 
In addition to the MCU there is another alternative route for mitochondrial Ca2+-uptake 

described as Rapid Uptake Mode (RaM). RaM was observed in isolated liver 

mitochondria exposed to short pulses of [Ca2+] changes resulting in very high rates of 

Ca2+-uptake that was quickly inhibited according to the high [Ca2+]mito (Sparagna GC. et 

al., J. Biol.Chem. 270: 27510-27515, 1995). 

However, regarding these studies it is still unclear which proteins are involved to link 

mitochondria next to the plasma membrane and/or to facilitate the mitochondrial Ca2+ 

uptake of entering Ca2+. 

 

1.6 Regulation of ER Ca2+-Refilling by mitochondria 

A close association between subdomains of the ER and mitochondrial surface (Figure 

5, imaged by Malli R.) appears to be necessary for the propagation of ER Ca2+ release 

to the mitochondria (for review see Rizzuto R. et al., Cell Calcium 26.5: 193-199, 1999). 

In Ea.hy926 cells it was shown that the mechanisms of ER Ca2+ refilling are multiple. It 

was shown that in the presence of histamine, ER Ca2+ refilling requires trans-

mitochondrial Ca2+ flux, whereas in the absence of the agonist, the ER refills 

independently of mitochondria (Malli R. et al., The Journal of Biological Chemistry 

288.13: 12114-12122, 2005). Furthermore it was demonstrated that a Ca2+ flux from the 

extracellular area through mitochondria is essential to maintain mitochondrial Ca2+ 

Figure 4: Schematic illustration of the  
Ca2+ fluxes 

In case of non-excitable cells, upon 
histamine stimulation following Ca2+ 
readdition most Ca2+ that enters the cell 
to elevate cytosolic Ca2+ passes the 
mitochondria (60 %) and gets distributed 
towards the ER and the cytosol 
thereafter, whereas the remaining 40 % 
of Ca2+ entry goes the direct way into the 
cytosol or the ER (Scheme taken from 
Malli R. et al., J. Biol. Chem. 280.13: 
12114-12122, 2005). 
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buffering, store operated Ca2+ entry (1.4.4) and Ca2+ filling of the ER during cell 

stimulation (Malli R. et al., Cell Calcium 41: 63-76, 2007).  

 

 
Figure 5: Colocalization of mitochondria and ER 
Ea.hy926 cells co-transfected with mtDSRed and YC4-er (Miyawaki A. et al., Nature 388: 882-887, 1997). 
Z-scans were performed on an array confocal laser scanning microscope applying 514 nm excitation and 
measuring 570 nm emission for mtDSRed or 488 nm excitation and 535 nm emission for YC4-er. ER and 
mitochondria z-stacks were deconvoluted and 3-D reconstructed as previously described (Figure 3). A: 
Distribution of ER (green) and mitochondria(red) B and C: Focal contacts (yellow) between ER and 
mitochondria. 
 

1.7 Scaffold Functions and Characteristics 

Today, the term scaffold is very often used to describe proteins that regulate signal 

transduction processes, a usage first employed in the early 1990 to characterize 

mitogen-activated protein kinase (MAPK) signaling (for reviews see Pawson T. et al, 

Science 278: 2075-2080, 1997; Pullikuth AK. et al., Cellular Signalling 19: 1621–1632, 

2007). Scaffold proteins coordinate signal transduction pathways by tethering molecules 

together and serving as molecular backbones for signaling complex assembly: they 

anchor proteins to given subcellular targets and serve as backbones for the assembly of 

multiprotein complexes (for review see Ferrell JE. jr., Sci STKE 52: PE1, 2000; Weston 

CR. et al., Science 292.5526: 2439-2440, 2001). Sufficient criteria for a protein to act as 

a scaffold involves facilitating protein interactions without enzymatic activity. It is a well-

accepted principle in signal transduction that post-transcriptional modification, for 

example resulting from the enzymatic activity of a kinase, can facilitate interactions of 

the targeted molecule(s) with other proteins. These interactions would not overtly be 

considered scaffolding unless they fulfill the second criteria that is the ability to 

simultaneously localize two or more other protein interaction domains that recruit 

specific molecules into multiprotein complexes (Vondriska TM. et al., J. of Mol. and Cell. 

Cardiology 37: 391-397, 2004). The targeting functions of scaffolds facilitate the 

A B C 
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regulated or constitutive movement of signaling proteins to specific subcellular 

compartments during signaling events (Burack WR. et al., Current Opinion in 

Immunology 14: 312–316, 2002), whereas the catalytic scaffold functions would 

enhance the interaction of various members of the same signal transduction pathway 

(Burack WR. et al., Curr. Opin. Cell Biol. 12: 211-216, 2000; Lester LB. et al., Recent. 

Prog. Horm. Res. 52: 409-429, 1997). 

However, signaling events upon scaffolding just happen if the concentrations of a 

scaffold and its client proteins are ideal. This is illustrated in Figure 6 for the well 

characterized MAPK cascade in the budding yeast (Ferrell JE. jr., Sci STKE 52: PE1, 

2000): 

 

    
 
Figure 6: Schematic of the scaffolded MAPK cascade 
A: Signaling down a scaffolded protein kinase cascade is a question of balance. If there is low scaffold (in 
this case Ste5p), signalling is low (left). At an intermediate concentration of scaffold, signalling will be high 
(center). Once the concentration of the scaffold exceeds that of the kinases, the signalling begins to 
decrease (right) (Schemes A, B taken from Ferrell JE. jr., Sci STKE 52: PE1, 2000). 
B: Out of balance again: Adding too much kinase can decrease the output of a scaffolded cascade. 
 

Notably, an overexpression or downregulation of one distinct interaction partner of the 

MAPK signaling cascade will reduce the effect.  

Accordingly a signal transduction pathway is activated by a certain stimulus to optimize 

the conditions for the scaffold function in distinct regions within a cell. That, in turn, may 

initiate the translocation of the multiprotein complex to mediate the signal to the target 

region. Just to give an example, the cytosolic Protein Kinase C isoform alpha (PKCα) is 

throughly shown to translocate to the plasma or internal membranes by the formation of 

such a multiprotein complex or signalplex (Baldassare JJ. et al., J. Biol. Chem. 267.22: 

15585-15590, 1992; Malolanarasimhan K. et al., J. Med. Chem. 50.5: 962-978, 2007). 

As previously mentioned PKC proteins get concertedly activated via DAG and Ca2+. 

Therefore the isoform PKCα consists of two C1 domains for the binding of DAG (Colón-

González F. et al., Biochim. Biophys. Acta 1761.8: 827-837, 2006) and one C2 domain 
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for the binding of Ca2+ (Rizo J. et al., J. Biol. Chem. 273.26: 15879-15882, 1998). In 

response to this bondage PKCα and other proteins may be linked to a yet unknown 

scaffold protein that transports the proteins to their distinct targets. Although the 

formation of the signalplex is still not fully declared, the dramatic impact of Ca2+ and 

DAG to initiate the translocation of PKCα are shown below (Figure 7) (Oancea E. et al., 

Cell 95.3: 307-318, 1998). 

 
Figure 7: Translocation of PKCα 
Ea.hy926 cell transfected with a PKCα-YFP plasmid before (A) and after stimulation (B) with 100 µM 
Histamine, 15 µM BHQ and 3 µM ionomycin. 
 

For the identification of new putative Ca2+-activated scaffold proteins two strategic plans 

were performed (1.8; 1.9, excerpted from a grant application by Graier WF.). 

 

1.8 Strategic Plan of the Proteomic Approach 

Based on the assumption that Ca2+-activated scaffolds may translocate from a distinct 

cell compartment to another in order to assemble distinct signalplexes, the pattern of 

associated proteins upon a specific Ca2+ signaling patterns (e.g. histamine stimulation) 

were assessed and correlated with that under resting condition using 2D-DIGE. 

Subsequently, proteins that accumulate at the plasma membrane, membrane or 

nucleus in response to a Ca2+ stimulus were subjected to tryptic in gel digestion and 

peptide mass fingerprinting by MALDI-TOF. 

A B 
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1.8.1 A scaffold finds its client 

Proteins of interest were further investigated based on their properties to bind to other 

proteins upon Ca2+ elevation in order to identify their binding partners. Thus, on the one 

hand proteins of interest will be fused with a GFP to visualize their translocation. On the 

other hand they will be fused with a His-tag to and transiently expressed under the 

control of a strong (CMV-) promotor. Defined Ca2+ signals will be generated and 

proteins will be reversibly cross-linked. Subsequently, signalplexes that contain the 

respective protein of interest will be separated by means of their His-tag using affinity 

columns, rinsed and liberated. Subsequent to reversal of cross-linking, signalplexes will 

be analyzed using 1D/2D-electrophoresis and analyzed by MALDI-TOF. As a result, the 

composition of signalplexes that contain the protein of interest will be revealed and 

contribution of this respective signalplex will be further analyzed as described above. 

Notably, the knowledge of specific sequences and structures of these newly verified 

scaffolds will be further incorporated in our in silico analyses for the search of putative 

Ca2+-regulated scaffolds. 

1.8.2 A client finds its scaffold 

Another strategy to discover new Ca2+-regulated scaffolds will embark the isolation and 

subsequent characterization of signalplexes that contain presumable client proteins 

(e.g. PKC isoforms, calmodulin, calcineurin) to yet unknown scaffolds and are 

assembled upon certain Ca2+ signals. Accordingly, client proteins will be fused to 

FP/His-tags and the composition of signalplexes assembled in response to specific Ca2+ 

signals will be assessed as described above. 

 

1.9 Strategic Plan of the Bioinformtic Approach: in silico analyses 

1.9.1 Sequence-based annotation of putative Ca2+-activated scaffolds 

As perequisite of the bioinformatical identification of new scaffolds, known scaffolds will 

be analyzed regarding their domain architecture, sequence features primary sequence 

and experimentally resolved 3D-structures of important domains (e.g. PDZ domain). 

This will define the general requirements of a protein to act as a scaffold. Additionally 

new specific sequences will be introduced for annotation based on the analysis of a 

protein of interest as described (1.8.1). This knowledge will be conferred to the human 

proteome by either locally applied assignment methods or by importing from public 
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annotation databases. Furthermore, prediction methods for special sequence features 

such as signal peptides will be applied (Prlic A. et al., Bioinformatics 20: 127-28, 2004). 

Subsequently, the annotation data will be stored in a relation database that will be the 

basis for the combinatorial search for scaffold features within the annotated human 

sequences. 

1.9.2 Structure-based annotation of putative Ca2+-activated scaffolds 

The structure-based approach will be used to scan the human proteome for sequences, 

which might fold into a given query structure. The PDZ domain, for example is rather 

unique in its 3D-structure and sequences identified to contain such domain will be 

further evaluated on other characteristic structures. To go beyond the limitation of a 

sequence signal, fold recognition procedures based on statistical potentials are the 

methods of choice. Since such methods are computational expansive, a pre-selection of 

the human protein sequences will be required and, thus, the annotation database 

constructed in the previous step will be used to exclude sequences, which are 

apparently not scaffolds. 

An extension of the structure-based approach is the investigation of structural motifs 

(Sippl MJ. et al., Protein Science 1: 625-640, 1992). Rather than asking the question, 

“does a given sequence fit to a given fold” we will ask, “if a sequence fragment may 

adopt a certain, characteristic structure”, such as e.g. the EF-hand motif in calmodulin. 

In conjunction with the methods described above, this can be indicative for the scaffold 

proteins. 

 

1.10 Structural and functional characteristics of Valosin containing 

protein 

Valosin is a 25 aa long peptide that was first detected in protein extracts of various pig 

tissues using immunoreactive antibodies against valosin. Interestingly the identified 

protein was much larger than valosin and thus, it was called Valosin-containing protein 

(Koller JK. et al., Nature 325: 542-545, 1987). Additionally VCP was found to be the 

human homologue to the yeast CDC48 protein (Fröhlich KU. et al., J. Cell Biol. 114.3: 

443-453, 1991) and that it is a member of a larger gene family that includes putative 

ATP-binding proteins involved in vesicle transport and fusion (Wilson DW. et al., Nature 

339: 355-359, 1989), 26S proteasome function (Dubiel W. et al., J. Biol Chem. 267.32: 
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22699-22702, 1992), regulation of the expression of human immunodeficiency virus 

Shibuya H. et al., Nature 357: 700-702, 1992), assembly of peroxisomes (Erdmann R. 

et al., Cell 64.3: 499-510, 1991) and degradation of proteins by the ubiquitin 

proteasome system (Halawani D. et al., Mol. Cell 22: 713-717, 2006). Accordingly VCP 

interacts with at least 30 different cellular proteins, some of which may differentially 

mediate its functions. The most important seems to be the interaction with Ufd1 

(required for ubiquitin-dependent protein degradation) and Npl4 (implicated in nuclear 

transport) forming a multiprotein complex that is essential for endoplasmic reticulum-

associated degradation (ERAD) via the ubiquitin–proteasome system (UPS) (Woodman 

PG.: J. Cell Sci. 116: 4283–4290, 2003; Wójcik C. et al., Mol. Biol. Cell 17: 4606-4618, 

2006; for review see Wang Q. et al., J. Struct. Biol. 146: 44-57, 2004).  

However, mutations of VCP lead to CNS, muscle and bone disease by yet unknown 

mechanisms (for reviews see Guinto JB. et al., Acta Neuropathol. 114: 55-61, 2007; 

Talbot K. et al., Hum. Mol. Genet. 15.2: R182-R187, 2006). 

The localization of VCP will be further discussed in 4.1.9 and 5.1.2. 

 

1.11 Structural and functional characteristics of Peroxiredoxin 1 

The existence of a protective thiol-specific antioxidant compound was first observed in 

the yeast and led to the discovery of an enzyme that protects against oxidation in a 

thiol-containing system (Kim K. et al., J. Biol. Chem. 260.29: 15394-15397, 1985). In 

mammalian cells several thiol-specific antioxidants were identified with high similarities 

to that of the yeast and were later termed peroxiredoxins (Prdx) (Chae HZ. et al., PNAS 

91.15: 7017-7021, 1994). Mammalian cells express six Prdx isoforms (Prdx I–VI) that all 

share the same basic catalytic mechanism, in which an active site cysteine is oxidized 

to a sulfenic acid by the peroxide substrate (Seo MS. et al., J. Biol. Chem. 275.27: 

20346-20354, 2000) exerting their protective antioxidant role in cells through their 

peroxidase activity (ROOH + 2 e- → ROH + H2O) (for reviews see Wood ZA. et al., 

Trends Biochem. Sci. 28.1: 32-40, 2003; Rhee SG. et al., Free Radical Biology & 

Medicine 38: 1543– 1552, 2005). 

Reactive oxygen species (ROS) are involved in many cellular metabolic and signaling 

processes (Finkel T., Curr. Opin. Cell Biol. 10.2: 248-253,1998) and are thought to have 

a role in disease, particularly in carcinogenesis and aging (Finkel T. et al., Nature 

408.6809: 239-247, 2000). As a member of the redox-regulating protein family, Prdx1 

(Figure 9) serves as an important defense against oxidants. Accordingly it was 
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demonstrated that Prdx1-deficient fibroblasts showed a decreased proliferation and an 

increased sensitivity to oxidative DNA damage. Moreover Prdx1-null mice had 

abnormalities in numbers, phenotype and function of natural killer cells (Neumann CA. 

et al., Nature 424: 561-565, 2003). 

The localization of Prdx1 will be further discussed in 4.1.9 and 5.1.3. 

 

1.12 Structural and functional characteristics of Gaf1 

The Rab11 protein is a small GTPase belonging to the superfamily of Ras GTPases. 

Rab11 plays an important role in protein recycling from endosomes to the plasma 

membrane (Ullrich O. et al., J. Cell Biol. 135.4: 913-924, 1996). Furthermore, it has 

been implicated in regulating several other membrane transport pathways, including 

phagocytosis (Cox D. et al., PNAS 97: 680-685, 2000), apical targeting in epithelial cells 

(Wang X. et al., J. Biol. Chem. 275: 29138-29146, 2000), insulin-dependent glucose 

transporter 4 (GLUT4) transport to plasma membrane (Kessler A. et al., Diabetologia 

43.12: 1518-1527, 2000) and protein transport from endosomes to the Golgi vesicles 

(Wilcke M. et al., J. Cell Biol. 151.6: 1207-1220, 2000). Therefore, cycling between 

GTP- and GDP-bound forms of Rab11 regulate the recruitment of various effector 

proteins to cellular membranes, thereby affecting the targeting and fusion of transport 

vesicles (Peden AA. et al., Mol. Biol. Cell. 15.8: 3530-3541, 2004). Accordingly, Gaf1 

(gamma-SNAP associated protein, Figure 10), also called Rab11FIP5 (Rab11 family 

interaction partner 5) or Rip11, was the first of six recently identified Rab11 effector 

proteins (Prekeris R. et al., Mol. Cell. 6.6: 1437-1448, 2000), that all share a highly 

homologous Rab11-binding domain (RBD) at their C-termini (Figure 10). Upon binding 

to Rab11, Gaf1 gets recruited to endosomal membranes, while the interaction of its C2 

domain with neutral phospholipids regulates its association with the plasma membrane 

by a phosphorylation and dephosphorylation cycle (Prekeris R. et al., Mol. Cell. 6.6: 

1437-1448, 2000). Among the six Rab11FIPs, regarding their N-terminal end, 

Rab11FIP3 and Rab11FIP4 contain EF-hand domains (class II RabFips), whereas 

Rab11FIP1, Rab11FIP2 and Rab11FIP5 (Gaf1) enclose a C2-domain ( Figure 10) 

(class I Rab11FIPs). Both domains, C2-domains and EF-hands are well known to react 

in Ca2+-dependent way unless to bind Ca2+-depentent phospholipids or Ca2+ itself. C2-

domains are found in many proteins that are involved in cell signaling or membrane 

targeting and serve as protein-protein or protein-phospholipid modules. As previously 

described this domain is also essential for the translocation of PKC to specific regions 
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(1.7). For Rab11FIP5 it was shown in HeLa and A431 cells to traffic between endocytic 

recycling compartments (ERC) and the PM in a C2-depentent manner. Hence, mutants 

lacking their C2-domain were unable in endosomal recycling and were not able to 

translocate to the PM, while a 65 aa C-terminal mutant including the Rab binding 

domain (RBD) was sufficient for binding to intracellular membranes. (Lindsay AJ. et al., 

J. Biol. Chem. 277: 12190-12199, 2002; J. Cell Sci. 117: 4365-4375, 2004). According 

to its Rab11 interaction it has been reported in several studies that Gaf1 contains a 

highly conserved α-helical structure of 20 amino acids at its C-terminal end, the Rab11 

binding domain (RBD), forming a hydrophobic Rab11 patch (Prekeris R. et al., J. Biol. 

Chem. 276.42: 38966-38970, 2001; Hales CM. et al., J. Biol. Chem. 276.42: 39067-

39075, 2001). In addition, it has been demonstrated that all Rab11FIPs possess a 

similar RBD like Gaf1. These compete with each other for the binding to Rab11 and 

therefore regulate Rab11 localization by recruiting it to distinct membranous organelles. 

Thus, it has been proposed by the authors of these studies that each of this Rab11FIPs 

forms part of a Rab11-regulated scaffold that mediates its function (Wallace DM. et al., 

Biochem. Biophys Res. Commun. 292: 909-915, 2002; Meyers JM. et al., J. Biol. Chem. 

277.50: 49003-49010, 2002). 

Interestingly exclusively Gaf1 was also shown to interact with γ-SNAP, a member of the 

soluble NSF (N-ethylamine-sensitive factor) attachment protein with unknown function 

(Chen D. et al., J. Biol. Chem. 276.16: 13127-13135, 2001; Kawase K. et al., Biochem. 

Biophys. Res. Commun. 303.4: 1042-1046, 2003). Chen and co-workers showed that 

overexpression of GFP-γ-SNAP results in the appearance of a reticular network of γ-

SNAP that partially colocalize with Gaf-1 and mitochondria. Notably, Gaf1 and γ-SNAP 

were demonstrated to colocalize with mitochondria in HEK-293, CHO and HepG2 cells. 

Furthermore, Gaf1 was also shown in this study to bind γ-tubulin and therefore gets 

associated with both, cytoskeletal and mitochondrial elements. Therefore the binding of 

γ-SNAP to Gaf1 is accomplished by the same motif responsible for the Rab11 binding 

(RBD). Using these abilities, Gaf1 may constitute as a scaffold or a hydrophobic patch 

that can accommodate Rab11 as well as γ-SNAP (Tani K. et al., J. Biol. Chem. 278.15: 

13531-13538, 2003). In addition to that, a splicing variant of Gaf1 has been identified, 

Gaf1b, which has also been shown to interact with both proteins, Rab11 and γ-SNAP 

(Kawase K. et al., Biochem. Biophys. Res. Commun. 303.4: 1042-1046, 2003). 

Thus, regarding these studies Gaf1 is obviously able to interact with different proteins 

from different cellular pathways. 
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Figure 8: Schematic illustration of the VCP 
The mammalian VCP also termed p97 weighs about 89 kDa consisting of 806 aa and is a hexameric 
ATPase of the AAA family. The two conserved AAA-domains are highlighted (240-424 aa and 513-700 
aa). Additionally it has an acetylated alanine at position 2 and contains two phosphorylation sites near its 
C-terminal end (784: phosphoserine and 805: phosphothyrosine). 
 

 
Figure 9: Schematic illustration of the Prdx1 
Peroxiredoxin 1 is a ~ 22 kDa protein of 199 aa: Oxidatve thioredoxin domain (6-165 aa);  
Disulfid interchain spanning from aa pos. 52 to aa pos. 173. 
 

 
Figure 10: Schematic illustration of Gaf1 
Domain mapping of the Gaf1 protein (~ 70 kDa) consisting of 653 aa: C2-domain (20-128 aa) and Rab 
binding domain (RBD, 601-648 aa) are indicated. 
 
Maps of functional domains of the three proteins (Figure 8-10) were created according to the databases 
of http://www.hprd.org/, http://www.expasy.org/, http://pfam.sanger.ac.uk/ and http://smart.embl.de/smart/. 
 

http://www.hprd.org/�
http://www.expasy.org/�
http://smart.embl.de/smart/�
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2 Aim of this study 
The aim of this study was to identify new Ca2+-activated proteins. As calcium serves as 

an important second messenger, it is able to initiate various signaling pathways upon 

different stimuli (diverse agonists, oxidative stress, shear stress, cyclic stretch or cell to 

cell interaction). 

To accomplish the goal of identifying new Ca2+-dependent scaffold proteins or their 

clients, two independently different studies were aimed, a proteomic and a bioinformatic 

approach: 

 

The proteomic approach is based on the isolation of distinct cellular organelles after 

stimulation with 100 µM histamine for 5 minutes. The purified protein extracts of 

stimulated and non-stimulated Ea.hy926 cells deriving from the different cell 

compartments are analyzed by 2D-electrophoresis for changes in the abundance of the 

various proteins. Significant increase or decrease of a proteins’ abundance on the 2D-

gel refers to protein translocation upon histamine stimulation. These proteins are further 

analyzed by mass spectrometry for their identification. 

The bioinformatic approach is based on a combined sequence and structure annotation 

of proteins with regard to their motifs and already known interactions that may indicate a 

Ca2+-dependency. Accordingly, various selection criteria are exerted to elect such 

putative candidate protein(s). 
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3 Materials and Methods 

3.1 Cell Culture and Transfection 

Two different types of cells were used in the experimental approach:  

1. The Ea.hy926 cell line is a hybrid of human umbilical vein endothelial cells 

(HUVEC) and A549 human lung carcinoma epithelial cells (Edgell CJ. et al., PNAS 80: 

3734-3737, 1983).  

2.  The HeLa is an immortal cell line that is widely-used in medical research. 

Originally this cell line was derived from cervical cancer cells taken from Henrietta 

Lacks, who died from her cancer in 1951.  

Cells were cultured on plasticware (100 mm tissue culture dish) at 37 °C in a humid 

atmosphere containing 5 % (v/v) CO2 in air. Cells were grown in Dulbecco's modified 

Eagles medium (DMEM) supplemented with 10 % fetal calf serum (FCS), penicillin (100 

U·mL-1), streptomycin (100 µg·mL-1), amphothericin B (1.25 µg·mL-1) and 1 % HAT 

(100 µM hypoxanthine, 0.4 µM aminopterin, 16 µM thymidine).  

3.1.1 Transfection protocol for adherent cells  

Cells of passage 40 or higher were grown on glass cover slips (Ø = 30 mm), placed in a 

6-wel,l in DMEM containing 10 % FCS, 5 mM D-glucose and 1 % HAT. After they 

reached approximately 80 % of confluence, the cells were transiently transfected with 1-

4 µg of purified plasmid DNA using TransFast™ Transfection Reagent (Promega, 

Mannheim, Germany). 

The day before transfection the cells were seed to reach about 80 % confluence on the 

day of transfection. 

The total volume of medium, DNA and TransFast ™ reagent to add per 30 mm plate 

was 1 ml. 

To a steril tube, 1-4 µg of plasmid DNA were diluted in 1 ml cell growth medium 

containing no serum, protein and antibiotics (to avoid interference with complex 

formation). 

4 µl TransFast ™ transfection reagent was added to the DNA solution and vortex 

immediately. 

The mixture was incubated for 15 min at room temperature to allow transfection- 

complex formation. 

http://en.wikipedia.org/wiki/Cell_culture#Concepts_in_mammalian_cell_culture�
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While the complex formation took place, growth medium was gently aspirated from the 

culture dish, and cells were washed with PBS. 

Briefly, the TransFast™ reagent/DNA complex was vortex and 1 ml was added to each 

glass cover slip (plate) and then the cells were immediately returned into the incubator 

for 1 hour. 

1 ml complete medium (containing medium and antibiotics) was overlaid. Cells were 

placed in the incubator for 3 or 4 hours. 

At the end of the incubation time, fresh medium was replaced. 

Cells were used for experiments 24 or 48 hours after transfection. 

3.1.2 Co-Transfection protocol for siRNA experiments 

RNA interference (RNAi) is widely accepted as an experimental tool to analyze the 

function of mammalian genes. RNAi are used to bind to and promote the degradation of 

target RNAs, resulting in knockdown of the expression of specific genes (for 

mechanisms see 3.2.10). For the introduction of synthetic double-stranded small 

interfering RNAs (siRNAs) into Ea.hy926 or HeLa cells, Hp GenomeWide siRNAs 

(Qiagen) were selected from the database (3.2.10.2). These siRNAs were co-

transfected with some modifications to the transfection protocol previously described 

(3.1.1): 

Transfection reagent per well:  

500 µL serum-free DMEM 

+ 2 µg of plasmid DNA (e.g. mtDSRed or mtRP), to mark siRNA transfected cells 

± 2.5 µL Hp GenomeWide siRNA 

+ 4 µL TransFast™ transfection reagent  

Briefly, the TransFastTM reagent/DNA complex was vortex and 500 µl were added to 

each 30 mm plate of a 6-well and then the cells were immediately returned into the 

incubator for 1 hour. 500 µl serum-free DMEM was overlaid and cells were placed in the 

incubator overnight. At the end of the incubation time, fresh medium was replaced. The 

cells were used for experiments 36 to 42 hours after transfection. 

3.1.3  (Co-)Transfection protocol for overexpression experiments 

Overexpression experiments were performed to analyze the effect of a specific protein, 

if expressed at higher, non-physiological levels, or to monitor a proteins´ expression 

pattern within a cell, when fused to a GFP. 
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Therefore, transfection was performed according to the protocol described in chapter 

3.1.1. 1-4 µg of overexpression plasmid were added to the transfection reagent in case 

of GFP-fused plasmids. To mark overexpression of a non-tagged plasmid encoding the 

gene of interest, it was co-transfected with a marker protein (e.g. mtDSRed) in a ratio of 

3:1. 

 

3.2 Molecular Biological Procedures 

3.2.1 RNeasy Mini Protocol for Isolation of Total RNA from Animal Cells 

To isolate RNA from various animal cell lines the RNeasy Mini kit from Qiagen was 

used. RNA was isolated from HeLa, Ea.hy926, HUTAEC, HUVEC, ECV and ECA grown 

in a confluent monolayer according to manufacturer´s Protocol for Animal Cells I: 

Cells were harvested after washing two times with PBS. For direct lysis of cells the 

appropriate buffer RLT containing 1 % β-Mercaptoethanol was added to the cell culture 

dish (700 µl for 100 mm dish and 350 µl for 30 mm well respectively) and cell lysate was 

collected with a rubber policeman and pipetted into a microcentrifuge tube.  

The cell lysate was gently homogenized using an RNase free syringe by passing the 

sample at least 5 times through a 26-gouge needle. 

One volume of 70 % ethanol was added to the lysate and mixed by pipetting. 

The sample was applied to an RNeasy mini column placed in a 2 ml collection tube and 

centrifuged for 30 seconds at 8,000 x g (10,000 rpm) 

700 µl buffer RW1 was added to the RNeasy column and the isolated RNA was washed 

by a 30 seconds centrifugation step at 8,000 x g (10,000 rpm). 

The RNeasy column was transferred into a new 2 ml collection tube. 500 µl of buffer 

RPE containing ethanol (RPE concentrate: EtOHabs = 1:4) was pipetted onto the 

RNeasy column and centrifuged for 30 seconds at 8,000 x g. 

Step 6 was repeated with 500 µl buffer RPE. After discarding the flow-through the 

RNeasy column containing the washed RNA was centrifuged another minute at full 

speed (13,000 rpm) to dry the RNeasy silica-gel membrane. 

To elute the RNA, the RNeasy column was transferred to a new 1.5 ml collection tube, 

30 – 50 µl of RNase free water was pipetted directly onto the RNeasy silica-gel 

membrane and left for 5 minutes (elution). 

The RNA was isolated by a final centrifugation step, 1 min at max speed (13,000 rpm). 

RNA was stored at –70 °C. 
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3.2.2 Measuring the concentration of nucleic acids 

The concentration of RNA and DNA samples were either determined using the 

Beckman Coulter DU® 800 spectrophotometer or the Peqlab ND-1000 

spectrophotometer.  

3.2.2.1 Beckman Coulter DU® 800 spectrophotometer 

The concentration of nucleic acid samples were measured in a black quartz cuvette 

using UV light absorption wavelengths. Nucleic acid free water was used for the 

reference (blank) as well as for the dilution of sample(s): 

Blank:  100 µl ultrapure water 

Sample:   99 µl ultrapure water + 1 µl of nucleic acid sample 

Absorption at 160 nm and 280 nm of sample(s) were read. The concentration as well as 

the purity of the sample(s) was calculated using the acquired values: 

Purity:  abs260/abs280 RNA = 1.7-1.9 
     DNA = 1.5-1.7 
Calculation of Nucleic Acid Concentration:  abs260 x 4 = RNA in µg/µl 
       abs260 x 5 = DNA in µg/µl 

3.2.2.2 Peqlab ND-1000 spectrophotometer 

2 µl of a nucleic acid sample was directly applied onto the measurement spot of the 

Nanodrop (ND) instrument. RNA or DNA concentrations were immediately measured 

and calculated by the system.  

3.2.3 Reverse Transcription of RNA to cDNA (RT-PCR) 

Three different Reverse Transcription procedures were performed for the transcription 

of RNA to cDNA. Additionally a DNase treatment step was performed prior to RT-PCR: 

3.2.3.1 DNase-treatment (for RT-PCR): 

3 µg of RNA 
 3 µl 5x first strand buffer (Promega) 
 1 µl DNase I (Promega) 
 x µl DEPC-water (RNase-free) 
 15 µl, vortex gently, centrifuged a few seconds 

- 37°C for 15 minutes  

- put the probe on ice 

- add 1.5 µl 20 mM EDTA (vortex gently; centrifuge a few seconds) 
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- 75°C for 10 minutes 

- put immediately on ice (ice-cold water bath) 

- centrifuge and put on ice again 

3.2.3.2 First Strand cDNA Synthesis using MMuLV-RT (Promega) 

To synthesize cDNA from RNA samples the M-MLV Reverse Transcriptase from 

Promega with modifications to manufacturer’s protocol: 

mastermix: 4.5 µl DEPC-water 
  3 µl 5x first strand buffer 
  3 µl 0.1 M DTT (Amersham) 
  0.6 µl 25 mM dNTPs (Roth) 
  0.4 µl RNAguard (Promega) 
  1 µl Random 6mer primers (Promega) 
  1 µl MMuLV-reverse transcriptase (Promega) 
  13.5 µl + 16.5 µl RNA (from DNase-treatment + EDTA) 
  vortex gently, centrifuge a few seconds 

- 37°C for 1 hour 

- 75°C for 10 minutes 

- put the probe on ice 

- centrifuge a few seconds 

- put the probe on ice or freeze it at –20°C 

3.2.3.3 First Strand cDNA Synthesis using SuperScript™ II RT Protocol 

A 20 µl reaction volume can be used for 1 ng – 5 µg of total RNA: 

1. Add the following components to a nuclease-free microcentrifuge tube: 

250 ng random primers (Promega, Primer Hexamer) 
1-3 µg total RNA 
1 µl dNTP Mix (10 mM each) 

Sterile, distilled water to 12 µl 

2. Heat mixtures to 65°C for 5 min and quick chill on ice. Collect the contents of the tube 

by brief centrifugation and add: 

5x First-Strand Buffer 4 µl 
0.1 M DTT 2 µl 

RNasin® RNase Inhibitor (Promega) 1 µl 

3. Mix contents of the tube gently. Incubate at 25°C for 2 min.  

4. Add 1 µl (200 units) of SuperScript™ II RT and mix by pipetting gently up and down. 

5. Incubate at 42°C for 50 min. 

6. Inactivate the reaction by heating at 70°C for 15 min. 

The cDNA can now be used as a template for amplification in PCR. 
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3.2.3.4 cDNA Synthesis using High Capacity cDNA Reverse Transcription Kit 

Prior to Real Time PCR experiments it is important to ensure complete reverse 

transcription of RNA samples into cDNA samples. An essential requirement for the 

relative quantitation of cDNA is that the reverse transcriptase reaction generates 

products in a manner directly dependent to the amount of input RNA template. This is 

possible using the High-Capacity cDNA Reverse Transcription Kit from Applied 

Biosystems. It contains random primers, which warrant that the first strand synthesis 

occurs efficiently with all species of RNA molecules present, including mRNA and rRNA. 

Furthermore it contains of a 10x RT buffer, a 25x dNTP Mix (100 mM) and the 

MultiScribe™ Reverse Transcriptase. To avoid RNA digestion the RNasin® RNase 

Inhibitor (Promega) was inserted into the reverse transcription as well. According to 

manufacturer´s protocol these reagents combined, form a 2x Reverse Transcription 

Master Mix: 

Allow the kit components to thaw on ice and prepare the RT master mix on ice. 

Referring to the procedure below, calculate the volume of components needed to 

prepare the required number of reactions: 

10x RT buffer      2.0 µl 
25x dNTP mix(100 mM)    0.8 µl 
10x RT Random Primers   2.0 µl 
MultiScribe™ Reverse Transcriptase 1.0 µl 
RNase Inhibitor    1.0 µl 
Nuclease-free H2O    3.2 µl 

Total per reaction    10.0 µl 

Mix gently and place the 2x RT master mix on ice. 

To prepare the cDNA Reverse Transcription reactions: 

Pipette 10 µl of 2x RT master mix into individual tubes. 

Pipette 10 µl of the RNA samples into each well, pipetting up and down two times. To 

prepare the appropriate amount of RNA, it has to be deluted with RNase-free water. 

Seal the tubes and briefly centrifuge them to spin down the contents and to eliminate 

any air bubbles. 

Place the tube on ice until the thermal cycler is ready to use. 

To program the thermal cycling conditions: 

 Step 1 Step 2 Step 3 Step 4 
Temperature 25°C 37°C 85°C 4°C 
Time 10 min 120 min 5 sec soak 
Table 1: Thermal Cycling Conditions for RT-PCR 
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3.2.4 Specific Polymerase Chain Reaction (PCR) 

Two different Polymerases were used to perform specific PCR from cDNA templates: 

On the one hand a Hot Start Taq Polymerase from Solis Biodyne for the amplification of 

short (< 1000 bp) PCR products and on the other hand an Advantage® cDNA PCR Kit 

from Clontech to amplify long (1000 – 3000 bp) PCR products. For those, different PCR 

reaction protocols and conditions were used (3.2.4.4 and 3.2.4.5). 

3.2.4.1 Primer Design 

The design of a specific primer pair for a certain gene is depending on different 

parameters that are crucial for the success of amplifying a gene by specific PCR. For 

optimum design regarding primer balance, hairpins or primer-dimers, the MS Dos 

Program Primer Designer – Version 2.0 was used. 

The sequences of diverse genes (ORF = open reading frame) were obtained from the 

National Center for Biotechnological Information (NCBI) and copied as FASTA format 

into the Primer Designer. Start forward and stop reverse primers for every sequence 

were tagged with an overhang for the restriction sites to clone the gene into the multiple 

cloning site (MCS) of a vector. Therefore, coding sequences had to be analyzed at 

http://www.restrictionmapper.org or http://tools.neb.com/NEBcutter2/index.php for their 

restriction sites, in ordert that the restriction enzymes used for cloning must not cut 

inside of the insert and the unique sites must be available in the MCS of the vector too. 

That way designed primers were blasted in the NCBI to exclude any other target genes. 

All primers used, were purchased from Invitrogen and listed in Table 2 (Overhangs 

according to any restriction sites are marked italic): 

 

Name Sequence Position Product Purpose 
ECFP for AAACTCGAG-

ATGGTGAGCAAGGGCGAGGA 
1   

ECFP rev CCGAGATCTTTA-
CACGAACTCCAGCAGGACCA 

675 675 bp expression 

GAF1A for ATAAAGCTT-
ATGGCCCTGGTGCGGGGCG 

1   

GAF1A rev TCAGGATCCTCTATGGCGCT 662 662 bp expression 
GAF1A2 for TTTGTCACCAGGTCCTGGGG 11   
GAF1A2 rev CTTGTTGCGGAGGAAGAAGC 789 779 bp expression 
GAF1B for AGCGCCATAGAGGATCCTGA 643   
GAF1B rev GACTTAGGCCTTGGTGGTGG 1420 778 bp expression 
GAF1C for CCACCACCAAGGCCTAAGTC 1401   
GAF1C rev TTTTCTAGA-

TTTGGGGGGGCCCGGGGGGAT 
1959 559 bp, 

1959bp 
expression 

GAF1xC2 for GACAAGCTTATG-
GCAGTGGTACAAGCTGCACT 

430 1531 bp expression 

http://www.restrictionmapper.org/�
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GAF1NW for GCACACGCAGTGGTACAAGC 423   
GAF1NW rev GTTGCTACGACTGCCTCTGG 1182 760 bp detection 
SNAP SalI for GGCGTCGAC-

ATGGCGGCTCAGAAGATAA 
1   

SNAP BamHI rev GCTGGATCC-
GCATAGTCCTCCTGAGTATT 

936 936 bp expression 

SNAP KpnI for GGCGGTACC-
ATGGCGGCTCAGAAGATAA 

1   

SNAP XhoI rev CCGCTCGAG-
GCATAGTCCTCCTGAGTATT 

936 936 bp expression 

SNAPNW for TACCAGAGGCCGTTCAGCTA 271   
SNAPNW rev AGCGGTGAGTTGCAGACATC 772 502 bp detection 
GPR55NW for GCTGCCACCTCCATCTACAT 169   
GPR55NW rev CGCTCCAGGTATCATCAGAC 535 367 bp detection 
MIRO1NW for CAAGTCGATGGATTCCTCTC 280   
MIRO1NW rev TCGAAGCACAGTCCAAGTAG 815 536 bp detection 
MIRO2NW for GGTGTGTGTGGTGTATGACG 230   
MIRO2NW rev AGATAGTCCGCAGTCAGCTC 859 630 bp detection 
GST for GCGAAGCTT-

ATGCCGCCCTACACCGTGG 
1   

GST rev AGTGGATCC-
CTGTTTCCCGTTGCCATTGA 

630 630 bp expression 

POXI for GGGAAGCTT-
ATGTCTTCAGGAAATGCTA 

1   

POXI rev TACGGATCC-
CTTCTGCTTGGAGAAATA 

600 600 bp expression 

VCPA for CCGAAGCTT-
ATGGCTTCTGGAGCCGATT 

1   

VCPA rev GCATCAGGAATTCCAATATC 1121 1121 bp expression 
VCPB for TTGGAATTCCTGATGCTACAG 1106   
VCPB rev GGGGGATCC-

GCCATACAGGTCATCATCA 
2418 1313 bp expression 

VCPV for GACAGGGAGGTAGATATTGG 1090   
VCPV rev GAACTCCAAGTCCACATCCT 2022 933 bp detection 
VCPH for AGTTGCCAAGGATGTGGACT 1995   
VCPH rev GTTGGATCC-

GCCATACAGGTCATCATCA 
2418 424 bp expression 

ORAI1NW for TGTCCTGGCGCAAGCTCTAC 220   
ORAI1NW rev ATGCCGCTGGTGCTGACGTT 685 466 bp detection 
ORAI1 MCSI for AAAGTCGAC-

ATGCATCCGGAGCCCGCC 
1   

ORAI1 MCSI rev AAATCTAGA-
GGCATAGTGGCTGCCGGG 

903 903 bp expression 

STIM1NW for GAAGGCATGGAAGTCATCAG 362   
STIM1NW rev TCCAACTCCTCCTCAGCATA 964 603 bp detection 
STIM1 MCSI for CCGGGTACC-

ATGGATGTATGCGTCCGTCT 
1   

STIM1 MCSI rev CGCCTCGAG-
CTTCTTAAGAGGCTTCTTA 

2054 2054 bp expression 

Venus for GAGCTC- 
ATGGTGAGCAAGGGC GAGGA 

Venus 
10 

  

Venus rev TCTAGA-TTACAGCTCGTCCTT 
GTACAGCTCGTCCATGC 

Venus 
726 

717 bp expression 

citrine/eCFP 
BamHI for 

GGAGGATCC-
ATGGTGAGCAAGGGCGAGCA 

1   

citrine/eCFP EcoRI 
rev 

AGAATTC-
TTAGCCGAGAGTGATCCCGGC 

717 717bp expression 

pBud MCSI for CACTGCTTACTGGCTTATCG 614  detection 
pBud MCSI rev TGCATTCTAGTTGTGGTTTGTCC 854  detection 
Table 2: Primer list 
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3.2.4.2 Dilution of Primers 

The primers were dissolved with sterile double deionized water (ddH2O) according to 

the provided data sheet to a concentration of 100 µM (stock, stored at –20°C). Stock 

solutions were diluted 1:10 with ddH2O to 10 µM (working solution). 

3.2.4.3 Dilution of dNTPs 

Separated dNTPs (dATP, dCTP, dGTP, dTTP) were obtained from Roth in 100 mM 

stock solutions. Equal amounts of these were mixed and diluted 1:10 with sterile ddH20 

to an end concentration of 2.5 mM (working solution) or 2:5 to an end concentration of 

10 mM respectively. 

3.2.4.4 Standard PCR reaction and condition (Hot Start Taq Polymerase) 

Standard PCR Reaction: 2.5 µl of cDNA or 5-50 ng of plasmid DNA 
25-100 pmol of a gene specific forward primer 

    25-100 pmol of a gene specific reverse primer 
    5 µl of the supplied 10 x polymerase reaction buffer 
    4 µl of the supplied 25 mM MgCl2  
    4 µl of 2.5 mM dNTPs 
    0.15 µl of Hot Start Taq Polymerase (Solis Biodyne) 
    ddH2O to a final reaction volume of 50 µl 

 

The temperature settings of the thermocycler for the amplification cycles depend on the 

total length of the target gene and the annealing temperature of the primers used in the 

individual PCR reactions: 

Standard PCR Conditions: 95°C  15 min (Initial denaturating step) 
    94-95°C 1 min (denaturating) 
    50-65°C 1 min (primer annealing)          30 - 40 
    72°C  1 min (extension)           cycles 
    72°C  10 min (final extension step) 
    4°C  soak 

3.2.4.5 Standard PCR reaction and condition (Advantage® cDNA PCR Kit) 

Standard PCR Reaction: 5 µl of cDNA or 5-50 ng of plasmid DNA 
10 pmol of a gene specific forward primer 

    10 pmol of a gene specific reverse primer 
    5 µl of the supplied 10 x polymerase reaction buffer  
    4 µl of 10 mM dNTPs 
    1 µl of Advantage cDNA Polymerase Mix (Clontech) 
    ddH2O to a final reaction volume of 50 µl 

 

} 
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Standard PCR Conditions: 94°C  1 min (Initial denaturating step) 
    94°C  30 sec (denaturating)          25 - 35 
    68°C  3 min (annealing/extension)          cycles 
    68°C  3 min (final extension step) 
    4°C  soak 

3.2.5 Purification of DNA fragments obtained by PCR 

Prior proceeding to further applications like sequencing, reamplifications, restriction 

enzyme digestion or cloning, the DNA fragments obtained from PCR were separated by 

agarose gel electrophoresis and extracted from agarose gels. 

3.2.5.1 Agarose Gel Electrophoresis 

 
Figure 11: GeneRuler™ DNA Ladder Mix 

3.2.5.2 Isolation of DNA fragments 

DNA fragments were extracted and purified from agarose gel slices using the Wizard® 

SV Gel and Clean-Up System (Promega Corp.) according to manufacturer’s protocol. 

3.2.6 Cloning 

3.2.6.1 Preparative Restriction 

Restriction enzymes for preparative restriction or control restriction were either obtained 

from Promega or New England Biolabs for usage in following protocols: 

 
 

} 

Solid agarose applied to 1x TAE buffer (40 mM Tris, 20 mM 

Na+-acetat, 1 mM EDTA, pH=7.2) and melted in the microwave 

oven. Ethidium bromide was added to a final concentration of 

0.5 µg/ml, and then the liquid gel was poured into a horizontal 

gel-forming chamber. DNA fragments as well as an appropriate 

amount of the GeneRuler™ DNA Ladder Mix, ready-to-use 

purchased from Fermentas (Figure 11) were applied into the 

gel slots of the solidified agarose gel. Gels were run using 1x 

TAE buffer for about one hour at 80 V and documented under 

UV-light (360 nm). For further procedures the desired DNA 

band was cut under UV-light and extracted from the gel slice 

(3.2.5.2).  



 34

1-5 µg plasmid-DNA / 5-10 µl miniprep-DNA 
10 µl 10x buffer (according to the enzymes) 
1 µl 100x BSA (if necessary according to the enzyme) 
2 µl enzyme 
x µl ultrapure water 
100 µl, 37°C (or according to the enzyme) for 3 – 6 hours 

For enzymes, that cut in the same buffer system double digestion was performed by 

adding two enzymes in the restriction protocol. Otherwise the second restriction was 

done after a precipitation step (3.2.9). 

The restricted vector and insert(s) (inserts in case of three point ligation) were run in an 

agarose gel electrophoresis to separate them from the cut overhangs. DNA containing 

gel slices were cut out from the gel and again extracted using the Wizard® SV Gel and 

PCR Clean-Up System from Promega (3.2.5.2). DNA from the aqueous phase was 

precipitated overnight and the DNA pellet was rinsed, dried, and suspended in 

deionized water. 

3.2.6.2 Ligation 

The linearized vector and the purified insert DNA fragment(s) were together subjected 

to ligation at a molar ratio of 3:1: 

   1 µl vector 
  1-11 µl insert(s) or DNA fragment(s) 
  2 µl 10x ligase buffer (ATP containing  always keep / thaw on ice) 
  1 µl T4-ligase (Promega) 
  x µl water to a final volume of 20 µl 
  16°C, 16-20 hours 

Once the insert(s) was ligated with the vector, the constructed plasmid was transformed 

into competent E. coli cells (3.2.6.4). 

3.2.6.3 Preparation of competent E.coli strain XL1 

5 ml LB medium were inoculated with the E.coli strain XL1 and pre-cultured overnight 

(3.2.6.7). Thereafter the pre-culture was transferred into 250 ml LB medium and grown 

in the shaker at 37°C to an OD600 of 0.5-0.7 that was obtained after ~ 3 hours. 

Bacterial cultures of a cell density of OD600 = 0.6 are standing in an exponential growth 

stage. E.coli strains harvested at this point of time are ideal to get electrocompetent for 

the uptake of plasmids. 

The cells were then collected by centrifugation in a cold rotor at 4,000 x g for 15 min. 

The supernatant was wasted and the sediment was resuspended in 250 ml ice-cold 

sterile 10 % glycerol and again centrifuged at 4,000 x g for 15 min. Thereafter, the cells 
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were resuspended in 10 ml ice-cold sterile 10 % glycerol, followed by another 

centrifugation step at 4,000 x g for 15 min. At last, the cells were resuspended in a final 

volume of 1.5 ml ice-cold sterile glycerol and shock-frozen in aliquots (80 µl) by use of 

liquid nitrogen. These were stored at – 70°C and electrocompetent stable for at least 6 

month. 

3.2.6.4 Transformation of competent E.coli strains 

Competent cells were thawed on ice and mixed with 1-9 µl ligation mixture in a chilled 

reaction tube. Thereafter the mixture was transferred in a UV-light sterilized (stratagene 

crosslinker → autocrosslink, maximal power, 3x) 2 mm BioRad electroporation cuvette 

and pulsed with 2.5 kV at a constant time of 4-5 ms to open the membranes of E.coli for 

a short moment. In order to that they were able to take up the plasmids from the 

mixture. Then the transformed E.coli strains were transferred into another sterile 

reaction tube containing 600 µl LS or LB medium (see recipes below), depending on the 

antibiotic resistance of the vector. The cells were then gently shaken for either 1 hour at 

37° C (in case of Zeocin or Kanamycin resistant plasmids) or 15-20 min (in case of 

Ampicillin resistant plasmids) to let them regenerate for plate pouring (3.2.6.5). 

 

LB medium:  per liter H2O   LS medium: per liter H2O 
  10 g Tryptone    10 g Tryptone 
  10 g NaCl       5 g NaCl 
    5 g Yeast Extract      5 g Yeast Extract 

The media were autoclaved after adjusting the pH to 7.4 with NaOH. 

3.2.6.5 Plate pouring 

Regenerated cells were spread on LS or LB plates containing 2 % Agar-Agar and the 

appropriate antibiotics. The transformed E.coli were then grown overnight at 37°C until 

antibiotic resistant colonies have been formed, that may contain the ligated plasmid. 

3.2.6.6 Picking Colonies 

Some E.coli colonies were picked from the plate using a pipette tip and each tip was put 

into a sterile tube filled with 5 ml bacterial medium containing the selective antibiotic 

(3.3.6.8). 
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3.2.6.7 Vector selective antibiotics 

Antibiotic 1000x Stock conc. Final conc. Medium Vectors 

Ampicillin 100 mg/ml in ddH2O 100 µg/ml LB pcDNA3.1/V5-His-TOPO, 
pcDNA3  

Kanamycin 50 mg/ml in ddH2O 50 µg/ml LB pENTRTM221, pDS_SP 
Zeocin 100 mg/ml in ddH2O 25 µg/ml LS pBudCE4.1 
Table 3: Antibiotic media and plates 

3.2.6.8 Pre-Culture 

The pre-culture consisted of 5 ml LS or LB medium with antibiotic and was either 

inoculated with a picked colony (3.2.6.6) or 100 – 200 µl of an E. coli glycerine stock 

(3.2.6.9) containing the desired plasmid. It was shaken in the incubator at 37°C 

overnight (small ONC) in case of picked colony or during the daytime in case of 

glycerine stock. 

3.2.6.9 Overnight culture 

Pre-cultures from the daytime were inoculated in 250 ml of the same culture medium 

and grown over night on the shaker at 37°C. 

3.2.6.10 Freezing of E.coli-clones in glycerine stocks 

500 µl of ONC were mixed with 350 µl sterilized glycerine (50 %) and store at –70° C. 

3.2.7 Isolation of plasmids 

Depending on the desired purity of plasmids three different methods were performed to 

isolate plasmids from E. coli strains.  

3.2.7.1 STET-minipreparation 

The STET-minipreparation was exclusively performed for the isolation of constructed 

plasmids derived from small ONC pre-cultures of picked colonies. These were 

centrifuged at 3,000 rpm for 10 min to pellet bacteria and the supernatants were 

removed to waste. 

- 200 µl of Buffer P1 was added; the tube was vortex to resuspend the pellet and 

incubated at RT for 5 min. 

- 200 µl of Buffer P2 was added; the tube was gently inverted to mix and incubated at 

RT for 5 min. 
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- 200 µl of Buffer P3 was added; the tube was gently inverted to mix and then incubated 

at RT for a few minutes before being spun at 13,000 rpm for 15 min. 

During the centrifugation step fresh Eppendorf tubes filled with 650 µl of isopropanol 

was prepared to be mixed with the supernatant. 

The mixture was centrifuged at 13,000 rpm for 20 min., the supernatant was removed 

and the pellet air-dried for about 10-20 min. Then the pellet was solved in 40 µl of sterile 

H2O. Since not every picked colony may contain the right constructed plasmid, they 

were to check by four different procedures (3.2.8) as follows. 

 

Buffer P1:    Buffer P2:   Buffer P3: 
50 mM Tris/HCl (pH=8.0)  200 mM NaOH  3 M Sodium acetate  
10 mM EDTA   1 % (w/v) SDS  pH=5.5 with glacial acetic 
100 µg/ ml RNaseA   store at RT   acid 
store at 4°C        store at RT 

 

3.2.7.2 Plasmid maxi-preparation 

Isolation of high-quality plasmid DNA from transformed E.coli for the use in eukaryotic 

cell transfection was performed using the PureYield™ Plasmid Maxiprep System 

(Promega, Madison, USA) according to the manufacturer’s protocol: All steps were 

done at RT. Briefly, E.coli containing the desired plasmid derived from an over night 

culture (3.2.6.9) were harvested by a centrifugation step at 5,000 x g for 10 min. The 

cell pellet was resuspended in 12 ml of Cell Resuspension Solution, 12 ml of Cell Lysis 

Solution were added and the mixture was gently inverted for 3-5 times. After 3 min at 

room temperature, 12 ml of Neutralization Solution were added for precipitation and 

gently inverted to mix for 10-15 min. Then the lysate was centrifuged at 14,000 x g for 

20 min. To purify the plasmid DNA the blue Clearing Column was assembled on top of 

the white Binding Column and the column stack was placed onto the vacuum manifold. 

One-half of the lysate was poured into the Clearing Column and maximum vacuum was 

applied until the lysate had passed through both columns. Then the remaining lysate 

was added and vacuum maintained until the liquid has cleared both columns. The 

Clearing Column was removed and the plasmid DNA bound to the Binding Column was 

washed once with 5 ml of Endotoxin Removal Wash and once with 20 ml of Column 

Wash until the solution was pulled through the column by the vacuum. Hence, the 

membrane was dried by applying vacuum for 5 min. The column was then removed and 

placed into a sterile 50 ml centrifugation tube. To elute the plasmid DNA from the 
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Binding Column, 1.5 ml of Nuclease-Free water were added and the tubes were 

centrifuged for 5 min at 2,000 x g. Finally the concentration of the obtained plasmid 

DNA was measured (3.2.2) transferred to a sterile 1.5 ml tube and stored at 4°C to keep 

it stable for transfections. 

3.2.8 Control of Clones 

3.2.8.1 Colony PCR 

The Colony PCR is the fastest but imprecise option to verify which clone contain the 

right insert. 2 µl of each pre-culture were directly added to specific PCR experiments by 

using the appropriate primers to detect the sequence that should have been ligated into 

the vector. 

3.2.8.2 Restriction Control 

The Restriction Control is the common way to check clones. In the following procedure 

two restriction enzymes were added in the best restriction buffer for both to cut out a 

defined sequence of the ligated insert from the vector: 

2-5 µl miniprep-DNA 
2.5 µl 10x buffer (according to the enzymes) 
0.25 µl 100x BSA (if necessary according to the enzyme) 
0.5 µl enzyme 1 + 0.5 µl enzyme 2 
x µl ultrapure water 

25 µl, 37°C (or according to the enzyme) for 3 – 6 hours 

Restricted plasmid DNA deriving from the different clones was run in an agarose gel 

electrophoresis after the inactivation of restriction enzymes by precipitation (3.2.9). 

3.2.8.3 Sequencing 

3.2.8.4 Transfection of minipreparation 

In case of clones that consisted of a tagged FP, 5-10 µg of the respective plasmid DNA 

minipreparation were directly transfected in HeLa cells, which were likely to take up 

plasmid DNA easier than other cell lines. The various clones were then checked upon 

their protein expression using the Nipkow imaging system (3.4.10).  
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3.2.9 Precipitation 

In some cases, it is necessary to do a precipitation step. In this work it was either used 

to inactivate restriction enzymes or to purify DNA. To precipitate DNA samples, the 

appropriate volumes of solutions listed below were added prior to the precipitation 

procedure: 

1/10 volume 3M NaAcetate 
2 volumes ethanol absolute 
-20°C overnight (at least 5 hours or 30 min –70°C; depends on DNA concentration;  
the lower DNA concentration is, the longer the sample has to be precipitated) 

 - centrifuge 15 min 14,000 rpm 4°C 
 - wash once with 500 µl of 70 % ethanol 
 - dry DNA at 37°C (just a few minutes; otherwise DNA cannot be resolved)  
 - solve DNA with x µl H2O 

3.2.10 siRNA 

3.2.10.1 Mechanism of siRNA 

 
Figure 12: Model for RNAi in Drosophila  

 

 

 

 

 

Double-stranded RNAs (ds-RNA; typically > 200 

nt) can be processed into 20-25 nucleotide with 

3'-overhangs small interfering RNAs (siRNAs) by 

an RNase III-like enzyme called DICER. In vitro 

studies with Drosophila indicate that the 

siRNA/protein complexes are then transferred to 

a second enzyme complex, the RNA-induced 

silencing complex (RISC), which contains an 

endoribonuclease that is distinct from DICER. 

RISC uses the sequence encoded by the 

antisense siRNA strand to find and destroy 

mRNAs of complementary sequence. The siRNA 

acts as a guide, restricting the ribonuclease to 

cleave only mRNAs complementary to one of two 

siRNA strands. It is not clearly understood how 

the RNA-degrading capacity of the ribonuclease 

is constrained by the siRNA guide. (Hammond 

SM., Boettcher S. et al., Science; 293: 1146-50, 

2001; Figure 12). 

1. dsRNA is introduced in the cell. 2. 
DICER digests dsRNA in ~ 21 bp dsRNA. 
3. The siRNAs are integrated into RISC 
complex. 4. The siRNAs undergo strand 
separation the antisense strand then binds 
to its complementary/target RNA. 
5. Nucleases within the RISC degraded the 
targeted mRNA 
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Intracellular transcription of small RNA molecule can be achieved by cloning the siRNA 

templates into RNA polymerize III transcription units, which normally encode the smaller 

nuclear RNA (snRNA) U6 or the human RNAse P RNA H1. Two approaches have been 

developed for expressing siRNA (Figure 13): in the first, sense and antisense strands 

constituting the siRNA duplex are transcribed by individual promoters (Lee, N.S. et al. 

Nat. Biotechnol. 20: 500-505, 2002; Miyagishi M. & Taira K., Nat. Biotechnol. 20: 497-

500, 2002); in the second, siRNAs are expressed as fold back stem-loop structures that 

are processed into the siRNAs. (Brummelkamp TR et al., Science 296(5567): 550-553, 

2002; Paul CP et al., Nat. Biotechnol. 20: 505-508, 2002; Paddison PJ. et al. Genes & 

Dev. 16 (8): 948-958, 2002). U6 and H1 promoters are members of the type III class of 

polymerize III promoters. U6 and H1 are different in size but contain the same 

conserved sequence elements or protein binding sites (Myslinski, E. et al. Nucleic Acid 

Res. 29: 2502-2509)  

The +1 nucleotide of the U6-like promoters is always guanosine, whereas the +1 for H1 

promoters is adenosine. The termination signal for these promoters is defined by 5 

thymidines, and the transcript is typically cleaved after the second uridine. Cleavage at 

this position generates a 3' UU overhang in the expressed siRNA, which is similar to the 

3' overhangs of synthetic siRNAs. Any insert sequence shorter than 400 nucleotides 

can be transcribed by this promoter; therefore they are ideally suited to the expression 

of ~21-nucleotide siRNAs of ~50-nucleotide RNA stem-loops. 

 
Figure 13: Endogenous expression of small hairpin forming siRNA 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Endogenous expression of 
small hairpin forming siRNA: 
 
A. Expression cassette for sense and  
antisense using the U6 snRNA promoter.  
The 250 bp U6 snRNA promoter  is 
illustrated as a yellow box, the Pol III 
terminator signal composed for a run of 
thymidines is shown as a light purple box, 
and the spacer between sense and 
antisense (indicate with a prime symbol) 
expression element is shown as a blue 
box. The siRNA is highlighted in pink.  
B. H1-based Pol III cassette for expressing 
hairpin RNAs that are subsequently 
processed to siRNAs. The H1 RNA Pol III 
promoter is only 100 bp in size, but 
contains all the essential sequence motifs 
present in the U6 snRNA promoter (Tuschl 
T., Nat. Biotech., 20(5):446-, 2002). 
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3.2.10.2 HP GenomeWide siRNAs 

HP GenomeWide siRNAs were purchaised from Qiagen and contain sense and 

antisense small RNA sequences to form a short hairpin RNA for the downregulation of 

any desired gene. Therefore it goes the pathway described in Figure 13A. 

Prior to transfection they were prepared in order to the manufacturer’s protocol: siRNA 

Suspension Buffer was added to the lyophilized siRNA to obtain a 20 µM solution        

(5 nmol/tube in 250 µl or 20 nmol/tube in 1 ml). The tube was heated to 90°C for 1 

minute and incubated at 37°C for 60 minutes afterwards. siRNA was divided in 30 µl 

volume portions and stored at –20°C to keep it stable till use of transfection. 

HP GenomeWide siRNAs are predesigned siRNAs which are available for every gene 

of the human, mouse, and rat genomes. These siRNAs were designed using cutting-

edge HP OnGuard siRNA Design ensuring high potency and specificity 

(http://www1.qiagen.com/Products/GeneSilencing/HPOnGuardsiRNADesign.aspx.). 

siRNA design is then checked for homology to all other sequences of the genome using 

an up-to-date, nonredundant sequence database and a proprietary homology analysis 

tool which incorporates exciting features. However, most available siRNAs have not 

been validated. Therefore all siRNAs, used in this work (Table 4), were verified in real-

time RT-PCR experiments. 

 

Accession 
Number Definition Product 

Name 
Catalog 
Number 

Target 
Sequence Sense Antisense

NM_005683 
(GPR_55) 

Homo sapiens 
G protein-
coupled 
receptor 55 

Hs_GPR55
_5_HP 
siRNA 

SI02635717 CCG GTT 
CTT GGC 
CAT CCG 
TTA 

r(GGU UGU 
UGG CCA 
UCC GUU 
A)dTdT 

r(UAA CGG 
AUG GCC 
AAG AAC 
C)dGdG 

NM_015470 
(Gaf1) 
(RAB11FIP5) 

Homo sapiens 
RAB11 family 
interacting 
protein 5 

Hs_RAB11F
IP5_2_HP 
siRNA 

SI00697214 CAG GGA 
CAA GAT 
GAA GGG 
CAA 

r(GGG ACA 
AGA UGA 
AGG GCA 
A)dTdT 

R(UUG CCC 
UUC AUC 
UUG UCC 
C)dTdG 

NM_00103356
6 (RHOT1) 
(MIRO1) 

Homo sapiens 
ras homolog 
gene family, 
member T1 

HS_RHOT1
_1_HP 
siRNA 

SI00702975 CTG CAT 
GAA GTT 
AAA CAA 
GAA 

r(GCA UGA 
AGU UAA 
ACA AGA 
A)dTdT 

r(UUC UUG 
UUU AAC 
UUC AUG 
C)dAdG 

Hs_UCP2_5
_HP siRNA 

SI03082898 AAG CAC 
CGT CAA 
TGC CTA 
CAA 

r(GCA CCG 
UGA AUG 
CCU ACA 
A)dTdT 

r(UUG UAG 
GCA UUG 
ACG GUG 
C)dTdT 

NM_003355 
(UCP2) 

Homo sapiens 
uncoupling 
protein 2 
(mitochondrial 
proton carrier) Hs_UCP2_6

_HP siRNA 
SI03032729 CCT GTT 

ACA GAT 
CCA AGG 
AGA 

r(GGU UAC 
AGA UCC 
AAG GAG 
A)dTdT 

r(UCU CCU 
UGG AUC 
UGU AAC 
C)dGdG 

- - 

AllStars 
Neg. 
Control 
siRNA 

1027281 
 - Proprietary Proprietary 

Table 4: HP GenomeWide siRNA list 
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3.2.10.3 Vector containing siRNAs 

SYK was downregulated with the GeneSuppressor™ System of IMGENEX and BMX 

was knocked down with the siRNA vector constructed by Zoratti C. using siRNA primers 

chosen at position 1482 bp of cDNA. Additionally scrambled siRNA containing vectors 

for SYK or BMX respectively were used as their negative controls. 

Thus, these siRNA were expressed as fold back stem loop structures and they go the 

pathway described in Figure 13B. Since these siRNA derived from a vector, the 

conventional transfection protocol for plasmids (3.1.1) was performed. 

 

Accession 
Number Definition Vector Target 

Sequence Primer for Primer rev 

BMX1482 + 
mtDSRed in 
pBudCE4.1 

Self-made 
(Zoratti) 

-5' TCG ATG 
GCT GCT TGC 
TGA ATT ACC 
TGA GTC GTC 
GAG GTA ATT 
CAG CAA GCA 
GCC ATT TTT 3' 

-5' CTA GAA 
AAA TGG CTG 
CTT GCT GAA 
TTA CCT CGA 
CGA CTC AGG 
TAA TTC AGC 
AAG CAG CCA 3'

NM_203281 
(BMX) 

Homo sapiens 
BMX non-
receptor 
tyrosine 
kinase (BMX) 

(BMX751 + 
mtDSRed in 
pBudCE4.1)

Self-made 
(Zoratti) - - 

SYK siRNA 
plasmid 
(IMG-808-1)

- - 

NM_003177 
(SYK) 

Homo sapiens 
spleen 
tyrosine 
kinase (SYK) 

negative 
control 
plasmid 
(IMG-800-6)

GeneSuppressor™  
System of 
IMGENEX - - 

Table 5: Vector containing siRNA list 

3.2.11 Real-time RT-PCR 

The real-time RT-PCR technology was used to define the RNA-degrading capacity of a 

distinct gene by its siRNA.  

3.2.11.1 LightCycler 480 Instrument (Roche) 

The LightCycler instrument basically consists of two different components: a cycler 

component and a fluorimeter component. The thermal chamber is directly connected to 

the optical system of the fluorimeter. The homogeneous, 470 nm light beam (excitation) 

is subsequently focused onto the individual wells of a 96 well plate and hence onto the 

samples to be measured. The detection channel within the LightCycler fluorimeter is 

equipped with a filter. This permit analyzes at certain emission wavelengths, which 

allow exact measurements of emission from a distinct fluorophore. 
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3.2.11.2 QuantiFast™ SYBR Green PCR Master Mix 

SYBR Green I is a dye that binds specifically to double-stranded DNA. Its inherent 

fluorescence is enhanced when it binds to the minor groove of double-stranded DNA. 

During PCR, SYBR Green I binds to DNA products as soon as they are synthesized. 

Thus, the increase in SYBR Green I fluorescence, when measured at the end of each 

elongation cycle, indicates the amount of PCR product formed during that cycle. Dye 

staining can detect from approximately 1 to 109 copies of a target sequence. The 

maximum excitation of SYBR Green I dye occurs at 497 nm. Maximal emission of DNA 

stained with SYBR Green I occurs at 521 nm. 

The components of QuantiFast™ SYBR Green PCR Master Mix include HotStartTaq 

Plus DNA Polymerase, QuantiFast SYBR Green PCR Buffer, SYBR Green I, and ROX 

passive reference dye. 

3.2.11.3 Primers for real-time RT-PCR 

For the amplification of the specific genes QuantiTect® Primer Assays for (Qiagen 

Corp.) were inserted in the RT-PCR reaction. 

QuantiTect® Primer Assays are validated genomewide primer sets that provide highly 

specific and sensitive results in SYBR Green based real-time RT-PCR. The assays are 

ideal for gene expression analysis applications, such as validation of RNAi or 

microarray results.  

To reconstitute 10x QuantiTect Primer Assay, it was dissolved in 1.1 ml H2O and 

portionized in aliquots to avoid repeated freezing and thawing. The Primer Assay for 

GAPDH was used for the amplification of human Glyceraldehyde-3-phosphate 

dehydrogenase in all RT-PCR experiments acting as a housekeeping gene. 

 

Assay Name Gene 
Symbol Catalog Nr Length of detected 

transcript 
Amplicon 

lenght 
Hs_GAPDH_2_SG GAPDH QT01192646 1310 bp 119 bp 
Hs_GPR55_1_SG GPR55 QT00019124 2629 bp 94 bp 

Hs_RAB11FIP5_1_SG RAB11FIP5 = 
Gaf1 QT00006755 4362 bp 134 bp 

Hs_UCP2_1_SG UCP2 QT00014140 1646 bp 114 bp 
Hs_BMX_1_SG BMX QT00071015 2514 bp 95 bp 
Hs_SYK_1_SG SYK QT00050043 2672 bp 83 bp 
Table 6: QuantiTect® Primer Assays 
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3.2.11.4 Preparation of samples 

Cells were grown on 6 cm dishes (~106 cells) and transfected according to 3.1.2, one 

dish transfected with 10 µl negative control siRNA and the other dish(es) with 10 µM of 

the respective siRNA(s), whichhas to be tested for its potency to downregulate a 

specific gene. 42 hours after transfection cells were harvested and the RNA was 

isolated from the various dishes (3.2.1). Usually 3 µg of each RNA sample was 

subsequently reverse transcribed to cDNA (3.2.3.4). To quantify specific genes in cDNA 

samples with the LightCycler instrument it was necessary to make a pool containing an 

appropriate amount of cDNA from the various samples. Thereafter different dilutions of 

each cDNA sample were made, dilutions 1:10, 1:100 and 1:1000 from the pool and 

dilutions 1:50 from the negative control and siRNA samples. The pools were used to 

generate standard curves to calculate the PCR efficiency. The generated amplificons 

were measured in the siRNA (1:50) as well as in their negative control samples (1:50) in 

threefold measurements during one RT-PCR experiment. This experiment was 

repeated for three times. The out coming data from the LightCycler instrument 

represented the crossing point of each amplicon. Thus, the efficiency of the active 

siRNAs was identified by higher crossing points in comparison to their negative controls. 

That means the amplification in siRNA samples start at a later point of time. 

3.2.11.5 Reaction Setup 

- Each well of the 96 well plate was filled with 2 µl of cDNA sample 

- 5 µl QuantiFast™ SYBR Green PCR Master Mix, 1 µl QuantiTect® Primer Assay and   

2 µl RNase free water were added from a master mix. 

- After a brief centrifugation step at 1,000 rpm for 10 sec the LightCycler instrument was 

loaded with a 96 well plate. 

3.2.11.6 Real-Time Cycler Conditions: Two-step RT-PCR 

Step Time Temperature 
PCR initial activation step 15 min 95°C 
Two-step cycling   
Denaturation 10 s 95°C 
Combined annealing/extension 30 s 60°C 
Number of cycles 40  
Table 7: Real-Time PCR Cycling Conditions 
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3.2.11.7 Analysis of quantitative RT-PCR 

The out coming crossing points of the particular PCR-reactions were analyzed by the 

REST software version 384® (Relative Expression Software Tool), which was 

downloaded from http://rest.gene-quantification.info/.  

Accordingly, the downregulation of the gene in its siRNA samples was calculated and 

plotted in percentage to their negative controls. 

http://rest.gene-quantification.info/�
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3.3 Proteomic Procedures 

 

 

 

 

 

 

 

 

 
 
Figure 14: Overview of the Proteomic Workflow 

3.3.1 Experimental Design 

Two different procedures have been performed to determine interorganelle protein 

compositions upon histamine treatment in comparison to untreated cells. First to detect 

any proteins, that might have been attached to the plasma membrane or that have been 

changed in their abundance upon histamine stimulation (sucrose gradient 

centrifugation, 3.3.1.3); second to detect protein migrations within nucleus and 

membranes after histamine stimulation (speed sedimentation, 3.3.1.4). 

3.3.1.1 Cell treatment 

Ea.hy926 cells were grown on 10 cm dishes and washed twice with 5 ml Hanks 

buffered salt solution (HBSS) without phenol red (Sigma) prior to treatment. 10 dishes 

(~108 cells) were treated with 5 ml of CB (Table 14) containing 100 µM Histamine for 5 

min to stimulate cells, while another 10 dishes remained untreated in CB representing 

control cells. Cells from both conditions were then scraped from the dishes with a 

rubber policeman using ice cold 200 µl of HBSS for each and separately combined. 

Ea.hy926 cells of both conditions were then isolated in ice cold 200 µl HBSS using a 

rubber policeman. From the first step of isolating cells until the fractionation, all 

procedures have been performed at maximum 4°C. 
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Figure 15: Schematic outline of the stepwise preparation and analysis of subcellular fractions  

as discussed in the text (Huber A. et al., Circ Res. 92, 962-968,2003.) 

3.3.1.2 Cell disruption (Homogenization) 

Prior to homogenization the harvested cell suspensions were centrifuged at 200 x g for 

5 minutes at 4°C. The supernatants were discarded and the cell pellets were 

suspended in ten volumes of cold 5 mM Tris HCl pH 8.0, 75 mM sucrose and incubated 

at 4°C for 15 minutes. The hypotonic buffer causes the Ea.hy926 cells to swell but not 

to lyse. Immediately after homogenization, 0.25 volume of compensating buffer (0.95 M 

sucrose, 20 mM Tris HCl, pH 7.4, 26 mM MgCl2, 1.5 mM EDTA, 5 mM DTT, 0.15 M 

NaCl, 0.15 M KCl) was added.Treated and untreated cells were homogenized by 

sonication. The two cell suspensions were subjected to 3 treatments of 15 seconds with 

a sonication rod chilling the suspensions on ice after each of the three sonication steps 

for one minute. 

3.3.1.3 Isolation of Plasma Membrane Proteins  

The plasma membrane enriched fractions were separated by Sucrose gradient 

centrifugation (Figure 15, Step 6) according to a modified procedure described by 
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Remold-O´Donell, Preparative Biochemistry, 7(6): 441-455, 1977. In brief, the lysed cell 

suspension was transferred to a graduated cylinder. By adding 1.28 volume of 

concentrated sucrose solution (2.30M sucrose, 10 mM Tris HCl pH 7.6, 5.3 mM MgCl2, 

0.3 mM EDTA, 1 mM DTT, 30 mM NaCl, 30 mM KCl) the sucrose concentration of the 

homogenate was brought to 40.5 % (a solution less dense than nuclei, lysosomes and 

mitochondria, but more dense than membranes). Using a syringe with a long needle, 

this homogenate was introduced under preformed sucrose gradients in 11 ml cellulose 

nitrate swinging bucket centrifuge tube. The gradients were performed from 3.1 ml each 

of 40.0 and 34.0 w/w % sucrose solutions which had been made by addition to solid 

sucrose of 10 mM Tris HCl, pH 7.6, 5.3 mM MgCl2, 0.3 mM EDTA, 1 mM DTT, 30 mM 

NaCl, 30 mM KCl. The tube was filled by layering 20 % sucrose in the same buffer on 

the top of the gradients. Then it was centrifuged in a Beckman ultracentrifuge at 40,000 

rpm for 6 hours at 4°C using a SW 40 Ti rotor (Beckman Instruments). In these 

experiments the plasma membrane was found as a single band in the gradient at a 

sucrose concentration of 33.5 % (density = 1.14). Fractions of 500 µl (usually 18-21) 

were collected from the top of the tube using an arcuated needle to obtain each fraction 

from the surface area. For later use the fractions were stored at -70°C. Plasma 

membrane enriched fractions were detected by Western Blot analysis (3.3.12) using 

antibodies against Caveolin 1 or Scavenger Receptor Class B1 (SRB1) as PM marker 

proteins. 

3.3.1.4 Separation to Membrane, Nucleic and Cytosolic Fractions 

This protocol allowed fractionation of cells into three major constituents, membranes, 

cytosol, and nuclei. Nuclei pellets were collected from the first low-speed centrifugation 

step (Figure 15, Step 3). The postnuclear supernatant (PNS) obtained was additionally 

fractionated by high-speed sedimentation/centrifugation (100,000 x g), which separated 

the total membrane fraction from all soluble proteins (Figure 15, Step 4). Membrane and 

Nucleic fractions were further prepared for 2D-electrophoresis. 

3.3.2 Sample Preparation 

Pre-treatment of samples for 2D PAGE involved precipitation, solubilization, 

denaturation and reduction to completely break up the interactions between the 

proteins.  
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3.3.2.1 Protein Precipitation 

Precipitation of protein samples was done to deionize and concentrate the protein 

samples according to the method of Wessel D. and Fluegge UI. using methanol and 

chloroform (Wessel D. et al., Anal. Biochem. 138, 141-143, 1984). Briefly, an 

appropriate number of Eppendorf tubes (usually 10) were filled with 150 µl of sample in 

aquous solution at room temperature. 4 volumes of MeOH (600 µl) and 1 volume of 

CHCl3 (150 µl) were added, vortexed, and checked that there is only one phase. 

Thereafter 3 volumes of H2O    (450 µl) were added and thoroughly vortexed. Then the 

tubes were centrifuged in an Eppendorf table centrifuge at full speed (16,000 x g) for 1 

min and the upper organic phase was removed with a drawn out pasteur pipet without 

disturbing the interphase (contains the proteins). Another 3 volumes of MeOH (450 µl) 

were added, vortexed and spun down for 2 min at full speed. The supernatant was 

again removed with the Pasteur pipet and the pellet was air dried, but not completely to 

allow a better dissolving (3.3.2.2). 

3.3.2.2 Solubilization of Proteins 

The most widely used solubilization procedure is that based on O‘Farrell PH., J. Biol. 

Chem. 250, 4007-4021, 1975 using a mixture of 2 % NP-40, 9 M urea, 1 % DTT and 0.8 

% carrier ampholytes (Pharmalyte pH 3-10). Instead of NP-40, the zwitterionic detergent 

CHAPS was used (Lysis buffer). 

The two different protein samples deriving from treated and untreated cells were 

solubilized after the protein precipitation step. Each protein precipitate was dissolved in 

10 µl of Lysis Buffer and combined to a total volume of 100 µl (in case of 10 

precipitates). According to that 100 µl protein extract of the untreated and 100 µl of 

treated condition were generated. 

3.3.3 Determination of Protein Concentration 

Protein concentrations derived from the various fractions were determined using the 

Protein Assay Dye Reagent Concentrate from Bio-Rad, which is based on the Bradford 

assay (Bradford M., Anal. Biochem., 72: 248,1976), according to the Microassay 

Procedure. The Bio-Rad Protein Assay is a dye-binding assay, in which a differential 

color change of a dye occurs in response to various concentrations of protein resulting 

in an anionic (bound) form with an absorbance maximum at 595 nm (blue) and a 

cationic (unbound) form with an absorbance maximum at 470 nm (red). According to 
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that, the increase of absorbance 595 nm is proportional to the amount of protein, which 

had been bound on the dye. Different concentrations of Bovine Serum Albumin (BSA; 

0.1, 0.2, 0.5, 1 mg/ml) were used to generate a standard curve for calibration to 

calculate the protein amounts in the various samples. The protein extract was then 

equilibrated by diluting the higher amount sample to the concentration of the lower. 

3.3.4 Labeling 

From the beginning of Labeling (Figure 14, Step 4) until the end of Gel processing 

(Figure 14, Step 10) all procedures have been performed according to the Ettan™ DIGE 

(Difference Gel Electrophoresis) technology, that was developed by GE Healthcare, 

formerly Amersham. The Ettan™ DIGE  comprises a system of DIGE dyes, Typhoon™ 

9400 scanner and DeCyder™ image analysis software and is based on a prelabeling 

method of protein samples prior to 2D-Electrophoresis for differential analysis. 

3.3.4.1 Principle of Labeling using CyDye DIGE 

The CyDye DIGE fluors are 3 spectrally resolvable CyDye fluors (Cy2™, Cy3™ and 

Cy5™) matched for mass and charge. That means that the same protein labeled with 

any of the CyDye DIGE fluors, will migrate to the same position on the 2–D gel. This 

eliminates intra-gel variation. The dyes have great sensitivity with detection of 125 pg 

from a single protein and a linear response in protein concentration over at least five 

orders of magnitude (105). CyDye DIGE fluors contain a NHS ester reactive group, and 

are designed to covalently bond to the epsilon amino group of lysine of proteins via an 

amide linkage. The fluors are added to the proteins so that the fluors are limiting within 

the reaction. This ensures that the fluors label approximately 1–2 % of lysine residues. 

Therefore the CyDye DIGE fluors are just labeling a small proportion of the total protein 

in a sample. For that reason, this type of labeling has been called minimal labeling. The 

lysine amino acid in proteins carries an intrinsic +1 charge at neutral or acidic pHs. 

CyDye DIGE fluors also carry a +1 charge which, when coupled to the lysine, replaces 

the lysine’s +1 charge with its own, ensuring that the pI of the protein does not 

significantly alter. CyDye DIGE fluors when coupled to the protein add approximately 

500 Da to the protein’s mass. This mass shift is not routinely visible. 
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Figure 16: Outline of the basic Ettan DIGE Technology 
(Images for Figures 6-13 taken from: Ettan DIGE User Manual 18-1164-40 Edition AA, Amersham 
Bioscience) 

3.3.4.2 Protocol for labeling a sample with a Cy DIGE flour 

- Add 0.4 µl (400pmol) of a Cy DIGE flour to the protein extract – 75 µl for each 

 (Cy3 was used for the untreated, Cy5 for the treated protein extract) 

- Centrifuge at 13,000 rpm for 1 minute and incubate 30 minutes on ice 

- Add 1 µl of 10 mM Lysine and incubate another 10 minutes on ice 

- After addition of 1.0 volume (75 µl) 2x Lysis buffer, labeling is completed. 
Lysis buffer: 9 M urea, 2 % (w/v) CHAPS, 0.8 % (w/v) Pharmalyte pH 3-10, 1 % (w/v) dithiothreitol (DTT) 
and 5 mM Pefabloc 
 

Figure 17: Schematic of labeling reaction 
 

 

 

 

Thereafter the two labeled protein extracts were mixed to a total volume of 300 µl. 

3.3.5 2D-Electrophoresis: 1st and 2nd dimension separation 

Two-dimensional electrophoresis (2D-electrophoresis) is a powerful and widely used 

method for the analysis of complex protein mixtures extracted from cells, tissues or 

other biological samples. This technique sorts proteins according to two independent 

properties in two discrete steps: The first-dimension step, isoelectric focusing (IEF), 

separates proteins according to their isoelectric points (pI); the second-dimension step, 

CyDye DIGE fluor containing NHS ester 
active group covalently binds to lysine 
residue of protein via an amide linkage. 



 52

SDS-polyacrylamide gel electrophoresis (SDS-PAGE), separates proteins according to 

their molecular weights (MW). Each spot on the resulting two-dimensional array 

correspond to a single protein species in the sample. Thousands of different proteins 

can thus be separated, and information such as the protein pI, the apparent molecular 

weight and the amount of each protein can be obtained. 

3.3.5.1 Isoelectric Focusing: 1st dimension 

3.3.5.1.1 Principle of IEF 
Inter-laboratory comparisons of 2 D-electrophoresis had been achieved for the first time 

by the development of immobilized pH gradients (IPG) in 1982, based on the use of 

bifunctional Immobiline® reagents, a series of ten chemically well defined acrylamide 

derivatives with general structure CH2=CH-CO-NH-R, where R contains either a 

carboxyl or a (tertiary) amino group. These form a series of buffers with different pK 

values between pK 1 and 13. Since the reactive end is c-polymerized with the 

acrylamide matrix, extremely stable pH gradients are generated, allowing true steady-

state IEF with increased reproducibility. IPGs can be cast in different pH ranges 

between pH 2.5 and pH 12, as well as in different lengths, usually from 7-24 cm. 

Accordingly, GE Healthcare offers a large number of IPG strips differing in their pH.  

 
Figure 18: Ettan IPGphor Instrument 

 
Figure 19: Cup Loading strip holder 

 

For fast and efficient screening to gain a 

broad overview of total protein distribution 

Immobiline DryStrips pH 3-10 NL, 24 cm were 

purchased. IPG-IEF for 2D electrophoresis 

can be simplified by the use of an integrated 

instrument, the Ettan IPGphor (Figure 18). 

The IPGphor (Islam R. et al., Science Tools 3: 

14-15, 1998) includes a Peltier element for 

temperature control (between 18°C and 25°C) 

and a programmable power supply (8000V, 

1.5 mA). The central part of this instrument 

are so-called strip holders made from an 

aluminium oxide ceramic (Figure 19), in which 

IPG strip rehydration with sample solution and 

IEF are performed. 
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3.3.5.1.2 Rehydration of IPG DryStrips 
Prior to Isoelectric Focusing (IEF), IPG DryStrips were placed in strip holders to get 

rehydrated at least for 10 hours (usually overnight, 16-18 hours) to their original 

thickness of 0.5 mm using a rehydration solution containing 7 M urea, 2 M thiourea, 1 % 

CHAPS, 0.4 % DTT, 0.5 % v/v Pharmalyte 3-10 and 0.002 % BPB. Therefore, the 

mixture of the two labeled protein samples was mixed with the rehydration solution 

(dilution: 1:1 for micropreparative runs) and applied by in-gel rehydration (Rabilloud T. 

et al., Electrophoresis 15: 1552-1558, 1994; Sanchez JC. et al., Electrophoresis 18: 

324-327, 1997) to a final volume of 600 µl. These were pipetted evenly along each 240 

mm long IPG strip and covered with 3 ml IPG DryStrip Cover Fluid® (Amersham) to 

prevent them of running dry. The strip holders were then placed in the IPGphor and the 

electrodes were positioned and pressed down gently on top and bottom of the strip 

holders (Figure 19). Low voltage (30 V) was applied during the rehydration step for 

improved sample entry of high Mr proteins into the polyacrylamide gel which otherwise 

can be a problem with sample in-gel rehydration. 

 

3.3.5.1.3 Procedure of IEF 
Running conditions for the IEF depend on the pH gradient and the length of the IPG 

strips. In case of using Immobiline DryStrips pH 3-10 NL, 24 cm, Table 8 gives an 

appropriate time schedule to program the IPGphor for running an IEF (Görg A. et al., 

Electrophoresis 21: 1037-1053, 2000). Furthermore, the IPGphor was set up to a max. 

current of 0.05 mA and a max. power of 0.2 W per strip. Optimum focusing temperature 

was set to 20°C (Görg A. et al., Electrophoresis 12: 653-658, 1991. 

 

Protocol Voltage (V) Time (h) Voltage hours (Vh) Total Vh (tVh) 
Step-n-hold 150 3 450 450 
Step-n-hold 300 3 900 1350 
Step-n-hold 600 3 1800 3150 
Gradient 600 → 8000 3 12900 16050 
Step-n-hold 8000 ~ 4 ~ 32000 ~ 48000 
Table 8: IPGphor-Program for running the IEF 

3.3.5.2 IPG strip equilibration 

To diminish endoosmotic effects and to guarantee a better transfer of proteins from the 

IPG-strip into the SDS-gel, the strips have to be equilibrated between the 1st and 2nd 

dimension. 
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3.3.5.2.1 Principle and Materials for IPG strip equilibration 
The IPG gel strips were equilibrated twice, each time for 15 min in 2x10 ml equilibration 

buffer 6 M urea, 30 % (w/v) glycerol and 2 % (w/v) SDS in 0.05 M Tris-HCl buffer, pH 

8.8 (Laemmli UK. et al., Nature 227: 680-685, 1970). The equilibration buffer contains 6 

M urea and 30 % glycerol in order to diminish electroendosmotic effects (Görg A. et al., 

Electrophoresis 9: 531-546, 1988) which are held responsible for reduced protein 

transfer from the first to the second dimension. During the 2nd equilibration step, 260 

mM iodoacetamide (Amersham) is added to the equilibration buffer in order to remove 

excess DTT (responsible for the ‘point streaking’ in silver stained patterns) (Görg A. et 

al., Electrophoresis 8: 122-124, 1987). 

 

3.3.5.2.2 Procedure for IPG strip equilibration 
 

 
Figure 20: IPG-strip equilibration 

 

3.3.5.3 Second Dimension 

3.3.5.3.1 Principle and equipment for the SDS-PAGE 
In the second dimension, the SDS-PAGE, the focused proteins were separated by their 

mass. Accordingly low mass proteins were able to go easier through the gel, while 

proteins of higher masses stay rather on top of the gel. 

The SDS-PAGE gels were cast in the DALTsix Gel Caster using low fluorescence glass 

plates for Ettan™ DIGE gels. The second dimension was run on a vertical system (Görg 

A. et al., Electrophoresis 16: 1079-1086, 1995), the Ettan™ Daltsix electrophoresis unit 

consisting of a power supply, a Multitemp II thermostatic circulator for cooling and the 

Ettan™ DALTsix electrophoresis chamber. 

 

1. 100 mg of DTT were dissolved in 10 ml of equilibration 

buffer (= equilibration buffer I). The focused IPG strips were 

shaken for 15 min in this buffer. 

2. For the second equilibration step 400 mg of iodoacet-

amine were dissolved in 10 ml (=equilibration buffer II)  

and equilibrated as above for another 15 min. 
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3.3.5.3.2 Casting gels 
DALTsix Gel Caster accommodates six 1.0 mm gel cassettes with separator sheets. 

Fewer gels can be cast by inserting blank cassettes to minimize the volume of casting 

solution. 

The casting cassettes (gel size 200 x 250 x 1 mm³) consist of two glass plates 

connected by a hinge strip, and two 1.0 mm thick spacers in between them. The gel 

solution was mixed according to Table 9 (Laemmli UK. et al., Nature 227: 680-685, 

1970) and poured into the funnel of the caster, taking care to avoid introducing any air 

bubbles into the feed tube, until it was about 1 to 2 cm below the final desired gel 

height. Immediately, 2 ml of water saturated n-butanol (Roth) was pipetted onto each 

gel and the homogenous gels were allowed to polymerize for at least 1 hour. Then the 

caster was disassembled and butanol was accurately removed. 

 

Reagents for vertical SDS gels Source 12 % T, 2,6 % C 
Acrylamide/Bisacrylamide (30.8 %T, 2.6 %C) Sigma 89 ml 
1.5M Tris (pH 8.8)  Serva 56 ml 
Deionized water  75 ml 
SDS solution (10 %) Serva 2.2 ml 
TEMED (added just before casting) Sigma 111.5 µl 
APS (10 %) (added just before casting) Sigma 1.33 ml 
Total volume  ~ 223.5 ml 
Table 9: Recipe for 12 % homogenous vertical SDS gels: (volumes for preparing 2 gels) 
 

3.3.5.3.3 IPG strip transfer 

 
Figure 21: Loading an IPG striponto a SDS gel 

Prior to SDS-PAGE, the equilibrated IPG strips 

were placed on top of the vertical SDS gels and 

embedded in low melting agarose (Nueve) 

containing 0.002 % BPB to ensure a better contact 

between the strip and the gel. The agarose was 

then allowed to solidify for at least 5 min. 
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3.3.5.3.4 Running the SDS-PAGE 

 
Figure 22: Ettan™ Daltsix instrument 

 

buffer (Table 10). Finally the safety lid was placed on the electrophoresis unit and SDS-

PAGE was started at 30 mA for about 18 h. The run was terminated when the BPB 

tracking dye has migrated off the lower end of the gel. 

10x SDS electrophoresis 
buffer (Storage solution) 

Dilution in Ettan DALTsix 
(to use): Lower anode 
chamber (1x buffer): 

Dilution in Ettan DALTsix 
(to use): Upper cathode 
chamber (2x buffer) 

Tris (Serva)               60.5 g 
Glycine (Merck)      288.0 g 
SDS (Serva)             20.0 g 
MilliQ-water               to 2 l 

Dilute 450 ml 10x SDS 
electrophoresis buffer with 
MilliQ-water to a final 
volume of 4.5 l 

Dilute 200 ml 10x SDS 
electrophoresis buffer with 
MilliQ-water to a final 
volume of 1 l 

Table 10: Recipes for electrophoresis buffers  
Laemmli buffer system (Laemmli, UK. Et al., Nature 227: 680-685, 1970) 

3.3.6 Imaging 

 

 
Figure 23: Orientation of a 2D-gel 

 

Each flourescent dye was consecutively excited to avoid fluorescence crosstalk and 

scanned at resolution of at least 200 µm with the proper filter (Table 11). The two out 

coming images of protein distribution deriving from the different fluorescent labeling of 

treated and untreated sample were subsequently analyzed with the DeCyder Software. 

 

The Ettan™ Daltsix tank was filled with 4 l of 1x 

electrophoresis buffer (Table 10) and blank 

cassettes were inserted into any unoccupied slots 

(depending on the number of gels). Then the 

MultiTemp II temperature controller was switched on 

and the gel cassettes were placed in the tank when 

the temperature was adjusted to the running setting 

of 18°C. Thereafter the upper buffer chamber was 

seat over the gels and filled with 2x electrophoresis 

The gels in the glass cassettes were directly scanned 

after second dimension using a Typhoon 9400 scanner 

(Amersham Biosciences) to ensure that all gels have 

the same dimensions; doing so simplifies spot matching 

of different gels. The exterior of the glass plates must be 

carefully cleaned with deionized water and dried with a 

lint free laboratory wipe before gel cassette is positioned 

on the scanner in the right direction (23 Figure). 
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Dye Sample Abs. Max. Fluoresc. Max. λ(Lasers) Emission Filter 
Cy3 untreated 553 nm 569 nm 532 nm 580 nm, band pass 40
Cy5 treated 645 nm 664 nm 633 nm 670 nm, band pass 40

Table 11: Emission filters and laser combinations for detecting Cy flours 

3.3.7 DeCyder Analysis 

DeCyder Differential Analysis Software DIA processes images from a single gel, 

performing spot detection and quantification. The DIA module algorithms detect spots 

on a cumulative image derived from merging up to three individual images from an in-

gel linked image set. This co-detection ensures that all spots are represented in all 

images processed. The DIA module algorithms then quantify spot protein abundance for 

each image and express these values as a ratio there by indicating changes in 

expression levels by direct comparison of corresponding spots.  

DeCyder Differential Analysis Software DIA graphical user interface is divided into four 

equally sized inter-linked views. All four views are linked, therefore selecting a spot in, 

for example the Image View, will display the spot in the Histogram View (in magenta), 

the 3-D View and the Table View (Figure 24). 

 

 
Figure 24: DIA Graphical User Interface 
• Image View: primary and secondary gel images 
• 3-D View: a three dimensional representation of the gel localized on the spot 
• Histogram View: graphical representation of data associated with the spots displayed in the image view 
• Table View: tabulated data associated with selected spots displayed in the image view 
Below the four views the Data Control Panel is found. This panel contains tools and user definable 
functions associated with the specific data displayed in each mode. 
(DeCyder Differential Analysis Software, Version 5.0, User Manual, 18-1173-16 AA, Amersham Bioscience) 
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3.3.8 Differential Expression Data 

Proteins of the treated Cy5 image, that differed in their abundance a range higher than 

1.2 fold or lower than 0.8 fold in comparison to the control Cy3 image were selected and 

set on a list for proteins of interest. 

3.3.9 Spot Picking 

After the scan, the gel was released out of the glass plates and fixed in 30 % isopropyl 

alcohol / 10 % acetic acid for one hour at least preparing the gel for later spot picking 

procedure. The fixed gel was placed in a Hoefer Easy Breeze Drying Frame 

(Amersham) and cast with two reference markers in the middle left and right side of the 

gel. Thereafter it was scanned for a second time and proteins of interest were set on the 

picking list by the DeCyder software. Using the reference markers the spot picker was 

then able to pick all these proteins automatically from the gel. Each picked gel slice 

containing the individual protein was put into a Protein LoBind tube (Eppendorf), in 

which Gel Processing (3.3.10) took place. 

3.3.10 Gel Processing 

Proteins separated by SDS-PAGE for identification by mass spectrometry needs to be 

digested before analysis (usually with trypsin). However, as it is difficult to extract intact 

proteins from the polyacrylamide gel, the digestion of the protein was done within the 

gel (in situ). The generated peptides are usually < 3000 Da and these readily diffuse out 

of the gel (Shevchenko A. et al., Anal. Chem. 68: 850-858, 1996). Accordingly the 

tryptic in-gel digestion took place in the Protein LoBind tubes (Sigma) and was 

performed using the solutions listed in Table 12 as follows: 

3.3.10.1 Tryptic in-gel digestion  

1. Add approximately 50 μl ACN (Sigma) / H2O (1:1). Incubate for 15 min at RT. 

Remove and discard the fluid. Repeat this step. 

2. Add 50 μl of 100 % ACN and leave to incubate for 15 min at RT. Remove and discard 

the ACN. The gel pieces will appear white and are dehydrated now. 

3. Add 50 μl 0.1 M NH4HCO3 and incubate for 15 min at RT. Do not remove fluid. 

4. Add 50 μl ACN, mix, and incubate for 15 min at RT. 

5. All fluid is removed and the gel pieces get vacuum-dried using a speed-vac centrifuge 

for ~15 min. 
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6. Add 10 μl of trypsin solution and incubate for 10 min until fluid has been absorbed. 

7. Add 25 μl of 50 mM NH4HCO3 (the gel pieces should be covered completely). 

8. Incubate overnight at 37°C (water bath). 

3.3.10.2 Extraction of Peptides 

 Peptides generated by tryptic in-gel digestion were extracted from the gel slice: 

9. Freeze the probes at – 20°C for 60 min to stop the enzymatic activity of trypsine 

10. Evaporate the trypsin solution in an Eppendorf Vacuum Concentrator 5301 

11. Add  50 µl of extraction solution onto each dried gel slice and incubate for 60 min at      

      RT on the shaker (alternatively 20 min at 37°C) to extract the peptides from the gel. 

12. Transfer the supernatant into a fresh Protein LoBind tube and repeat steps 10 and  

      11 for a second extraction. Combine 2nd extraction with the 1st. 

13. Dry the extracts in the Eppendorf Vacuum Concentrator 5301. The dried extracts     

      are stable at – 20°C for at least one week. 

 

Ammonium bicarbonate 
NH4HCO3 buffer 25 mM 

Trypsin solution 
(keep ice cold) 

Extraction solution 

NH4HCO3  
(Mr=79,06)      494.13 mg 

Porcine Sequencing Grade 
Modified Trypsin (Roche) 10-15 µg 

 
ACN               500 µl 

MilliQ-water      to 250 ml NH4HCO3 buffer                   to 1ml CF3COOH          5 µl
Adjust pH to 8.0 (freeze in aliquots at –70°C) MilliQ-water  to 1 ml 

Table 12: Solutions and buffers for Gel Processing 

3.3.11 MALDI MS Protein Identification 

3.3.11.1 Principle of Mass spectrometry and MALDI–TOF 

The peptides generated by proteolysis of a protein represent the fingerprint of this 

protein (Peptide mass fingerprint). When a complex mixture of proteins is digested by 

e.g. trypsin, and analyzed by mass spectrometry a large number of masses will be 

detected. These masses represent unique peptides from the proteins present in the 

mixture. The masses detected are submitted to a database containing all known 

proteins of the relevant organism. Using specialized software, a hypothetical digest of 

the proteins in the database is generating the peptides of the used protease (in this 

case trypsin). The masses of the peptides detected by mass spectrometry are then 

compared to the in silico generated peptides. The higher the number of identified 

peptides representing one protein (sequence coverage) the higher is the possibility that 

this protein was present in the mixture analyzed. 
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The MALDI technique is based on an ionization approach using a nitrogen UV laser 

(337 nm) to generate ions from high mass, non-volatile samples such as peptides and 

proteins (Figure 25). The key to this technique is that in the presence of an aromatic 

matrix large molecules like peptides ionize instead of decomposing. A number of 

matrices are available to assist the analysis of both peptides and intact proteins. 

Although the mechanism remains uncertain, it may involve absorption of UV light by the 

matrix followed by transfer of this energy to the peptide, which then ionizes into the gas 

phase as a result of the relatively large amount of energy absorbed. To accelerate the 

resulting ions into a flight-tube of the mass spectrometer, the ionized peptides are 

subjected to a high electrical field. The peptide ions generated by MALDI are 

predominantly single charged and carry just one proton. 

   
Figure 25: Schematic of MALDI 

Figure 26: Time-of-Flight analysis         
 

The mass-to-charge ratio of an ion can be measured by determining its velocity after 

acceleration in the electrical field. In practice this is done by accelerating an ion 

electrostatically to a defined kinetic energy and measuring its time-of-flight (TOF) 

through a field free region (no acceleration). The pulsed laser used for MALDI is an 

ideal technique for coupling with TOF mass spectrometry since there is a precisely 

defined time of ion generation. A detector positioned at the end of the field-free region 

determines the flight-time for each m/z. At a fixed kinetic energy, small ions travel at 

higher speed than large ions (Figure 26). In practice, the mass spectrometer is 

calibrated using peptides of known mass (Calibration Standards; 3.3.11.2.1). In this way 

the time-of-flight is correlated with mass. 

3.3.11.2 Materials for MALDI–TOF Analysis 

All regents for MALDI–TOF Analysis were taken from the ProteoMass™ Peptide & 

Protein MALDI-MS Calibration Kit (Sigma: MS-CAL1). For tryptic digested samples it is 

recommended to use α-cyano-4-hydroxycinnamic acid (CHCA) as the matrix and a 
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mixture of Bradykinin fragment 1-7, Angiotenesin II (human), P14R (synthetic peptide) 

and ACTH fragment 18-39 (human) as standard for calibration. 

 

3.3.11.2.1 Preparation of Calibration Standard stock solutions 
●  The 0.1 % TFA solution is provided ready for use in the preparation of standard 

solutions, except bradykinin. 

●  Mix 5 ml of the 0.1 % TFA and 5 ml of ACN to give a solution of 50 % ACN in 0.05 

% TFA. This solvent is used in the preparation of bradykinin. 

 

Standard (M+H)+ Monoisotope nmol Solvent Conc. of Stock 
Bradykinin fragment 1-7 757.3997 10 250 µl 40 pmol/µl 
Angiotensin II (human) 1,046.5423 10 250 µl 40 pmol/µl 
P14R (synthetic peptide) 1,5433.8582 10 250 µl 40 pmol/µl 
ACTH fragment 18-39 2,465.1989 10 250 µl 40 pmol/µl 
Table 13: Calibration Standard Stocks for MALDI-MS 
 

Stock solutions were stored in 5 µl aliquots at –70°C and mixed up to 10 pmol/µl on the 

day of MS Analysis. The resulting 20 µl mixture was then mixed with 20 µl of the CHCA-

Matrix just prior the application on the MALDI-TOF target plate (Standard Mix). 

 

3.3.11.2.2 Preparation of MALDI Matrix solution (CHCA) 
10 mg of CHCA were dissolved in 1 ml of the 50 % ACN in 0.05 % TFA solution and 

stored in the dark. Once dissolved, it can be used for maximum one week. 

3.3.11.3 Procedure 

The dried peptide extracts obtained from Trypsine in-gel digestion (3.3.10) were 

dissolved in 3 µl 0.1 % TFA and 1 µl of each sample was applied on the spots of the 

target plate. 

1 µl of the Matrix solution was added to each spot. 

1 µl of the Standard Mix was applied directly next to the sample spot on the target plate 

(Calibration Spot). 

Spots were dried in the dark → dried droplet. 

Plate was adjusted into the MALDI-TOF system. 

Calibration Spots and Sample Spots were alternately pound by the nitrogen UV laser. 

Resulting Mass spectra were saved for following analysis. 
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3.3.11.4 Analysis of Mass spectra 

Each sample mass spectrum was calibrated using its appropriate Calibration mass 

spectrum. Accordingly the sample mass spectrum peaks were fit applying a virtual 

baseline. The calibrated mass spectra of each individual sample spot were then 

analyzed using the MASCOT database (http://www.matrixscience.com/). In order to 

that, the corresponding protein for each sample mass spectrum was identified. 

3.3.12 Western Blot Analysis 

Western blot analysis was performed to identify plasma membrane enriched fractions 

(3.4.1.3). Briefly, 20 µl of each odd-numbered fraction was mixed with 40 µl of a sample 

buffer (10 % Glycerol, 130 mM SDS, 110 mM Tris, 6 % ME, 0.002 % BPB). The probes 

were applied into the slots of a stacking gel onto a 12 % SDS gel (12 % Acrylamid,   

0.35 % Bis-acrylamid, 0.25 M Tris, 0.1 % SDS, 0.09 % APS, 0.05 % TEMED, pH=8.8). 

The first lane was loaded with a LMW (Amersham Corp.) to mark molecular weights of 

proteins. SDS-PAGE was run in an electrophoresis chamber (Biorad) containing 1 x 

SDS electrophoresis buffer (Table 10) at Uconst.=130 mV until the BPB tracking dye has 

reached the lower end of the gel (~ 90 min). The gel was then blotted on a PVDF 

membrane (7 x 9 cm) in a blotting chamber (Biorad) filled with blotting buffer (10 mM 

Tris, 40 mM Glycine, 20 % MeOH) at Iconst.=150 A for 1h. Then the blot was stained with 

Coomassie-blue R250 by loading the blot for 5 sec with Coomassie blue solution (0.1 % 

Coomassie, 40 % MeOH, 10 % acetic acid). The blot was washed with washing buffer 

(0.05 % Tween, 154 mM NaCl, 10 mM Tris, pH=7.4). The bands of the protein marker 

were signed with a pencil and the blot was destained in a Coomassie destaining 

solution (10 % MeOH, 20 % acetic acid) thereafter. Two different specific antibodies, for 

Caceolin 1 and SRB1, were used to detect plasma membrane enriched fractions. 

Accordingly, the blot was divided into two parts just below the 45 kDa mark. The lower 

blot containing the low molecular weight proteins (0-45 kDa) were analyzed with a 

primary antibody (Rabbit Polyclonal anti-CaveolinI; Abcam, Cambridge, U.K.) for 

Caveolin 1, a 22 kDa plasma membrane protein, while the upper blot containing the 

high molecular weight proteins (45-200 kDa) was exposed to a primary antibody (Rabbit 

Polyclonal anti-SR BI; Abcam, Cambridge, U.K.) for Scavanger receptor B1 (SR B1), 

another 82 kDa plasma membrane protein. In order to that, the blots were loaded 

1:2000 with 6 µl of the anti-Caveolin 1 in 12 ml blocking buffer (washing buffer 

containing 5 % NFDM) and 1:1500 with anti-SR B1 antibody, respectively and shaken 
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overnight at 4°C. The next day the blots were washed several times with aqua dest., 

then transferred into another blocking solution containing 1:4000 of the secondary 

antibody, an anti-goat HRP, and shaken for 2 h. The PVDF membranes were again 

washed several times with aqua dest. and shaken in washing buffer for another 1.5 h. 

The blots were detected with ECL reagent for 1 min and developed in the dark on a x-

ray photograph after 1 or 10 min exposure incubation. 
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3.4 Imaging Procedures 

3.4.1 Buffers and Solutions 

Frequently used buffers (Table 14) were made at room temperature and solutions were 

generated by adding the correct amount of any compound(s) of need (Table 15 and 16) 

from their stock solution(s) to obtain the right molar concentration of a working solution 

according to the laboratory´s recipes: 

 

Storage-buffer (mM)  
(EH-Loading, SB):  

2 CaCl2, 138 NaCl, 1 MgCl2, 5 KCl, 10 Hepes, 10 D-glucose, 
2.6 NaHCO3, 0.44 KH2PO4, 0.1 % vitamins, 0.2 % essential 
amino acids, 1 % penicillin/streptomycin, 1 % fungizone;  
pH adjusted to 7.4  

Ca2+-free-buffer (mM) 
(EGTA, EB): 

1 EGTA, 138 NaCl, 1 MgCl2, 5 KCl, 10 Hepes, 10 D-glucose;  
pH adjusted to 7.4 

Ca2+-buffer (mM) 
(2CaNa, CB):  

2 CaCl2, 138 NaCl, 1 MgCl2, 5 KCl, 10 Hepes, 10 D-glucose; 
pH adjusted to 7.4  

Table 14: Frequently used buffers 
 

Substance Source Molecular 
Weight Solvent Conc. of Stock 

solution 
Conc. of Working 

solution(s) 
Histamine Sigma 184.07 H2O 100 mM 100, 10, 1 µM 
CGP37157 Tocris 324.22 DMSO 100 mM 20 µM 
BHQ Sigma 222.33 DMSO 100 mM 15 µM 
ATP Sigma 507.20 H2O 100 mM 10 µM 
Rotenone Sigma 394 DMSO 100 mM 50 µM 
Oligomycine Sigma 786.78 DMSO 10 mM 2 µM 
Antimycine Sigma 534.645 EtOHabs 100 mM 10 µM 
Ionomycine Sigma 709.01 DMSO 3 mM 5 µM 
Digitonin Sigma 1229.34 H2O 10 mM 5 µM 
FCCP Sigma 255.97 DMSO 10 mM 4 µM 

Cayman 347.54 EtOHabs 143.87 mM 10 µM Anandamide 
( = AEA) Tocris 347.54 EtOHabs 10 mM 10 µM 
ACPA Cayman 343.6 EtOHabs 145.52 mM 10 µM 
O-1602 Cayman 258.4 CH3COOCH3 38.7 mM 10 µM 
LPI Sigma 605.1 H2O 10 mM 3 µM 
SB366791 Sigma 287.74 DMSO 10 mM 10 µM 
AM251 Cayman 555.20 DMSO 10 mM 10 µM 
LFM-A13 Sigma 360.00 DMSO 50 mM 10 µM 
U73122 Tocris 464.65 DMSO 5 mM 1, 2 µM 
PP2 Tocris 301.78 DMSO 10 mM 10 µM 
Wortmannin Sigma 428.44 DMSO 2.5 mM 0.1 µM 
Table 15: Compounds 
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Compound Description 
Histamine Endogenous H1 and H2 histamine receptor agonist; H1 activation 

mobilizes Ca2+; activates nitric oxide synthetase; potent vasodilator. 
Fu LW. et al., Am. J. Physiol. 273(6 Pt 2): 2726, 1997. 

CGP37157 Selective antagonist of the mitochondrial Na+-Ca2+ exchanger (IC50 = 0.4 
μM). Enhances the export of calcium from isolated mitochondria. Also 
reported to directely inhibit voltage-gated calcium channels. 
Cox et al., J. Cardiovasc. Pharmacol. 21: 595, 1993. 

BHQ A selective inhibitor of endoplasmic reticulum Ca2+-ATPase. Hassessian 
et al., Br. J. Pharmacol. 112: 1118, 1994. 

ATP P2 purinergic agonist; increases activity of Ca2+-activated K+ channels; 
Berger L. et al., Biochim. Biophys. Acta 20: 23, 1956. 

Rotenone Inhibitor of mitochondrial electron transport by inhibiting the transfer of 
electrons from Fe-S centers in Complex I to ubiquinone. This prevents 
NADH from being converted into usable cellular energy (ATP). The 
compound breaks down when exposed to sunlight. 
Fukami JI. et al., Science 155: 713, 1967. 

Oligomycin Macrolide antibiotic; Inhibits respiration in mitochondria by inhibiting 
mitochondrial ATPase and phosphoryl group transfer. 
Nagamune H. et al., Biochim. Biophys. Acta 1141: 231-237, 1993 

Antimycin Inhibitor of electron transfer at complex III. Induces apoptosis. 
Izzo G., FEBS Lett. 93: 320, 1978. 

Ionomycin Ca2+ ionophore = mobile ion carrier for Ca2+; non-fluorescent; used to 
study Ca2+ transport across biological membranes. 
Toeplitz BK. et al., J. Am. Chem. Soc. 101: 3344, 1979. 

Digitonin Mild nonionic detergent used to solubilize receptors and permeabilize 
cellular and nuclear membranes. 
Liu J. et al., Methods 19: 403, 1999. 

FCCP Very potent uncoupler of oxidative phosphorylation in mitochondria; is 
used to “uncouple” ATP synthesis and reduction of oxygen in oxidative 
phosphorylation. 
Heytler and Pritchard, Biochem. Biophys. Res. Comm. 7: 272, 1962 

Anandamide 
( = AEA) 

Endogenous cannabinoid neurotransmitter that binds to both CB1 and 
CB2 receptors. 
Felder CC. et al., Proc Natl Acad Sci USA 90:7656-7660, 1993.  

O-1602 Synthetic regioisomer of cannabidiol that fails to elicit either CB1 or CB2
responsiveness and is without psychotropic activity; it induces 
endothelium-dependent vasodilation via a CB1/CB2/nitric oxide-
independent mechanism. 
Járai Z. et al., Proc Natl Acad Sci USA 96(24): 14136-14141, 1999. 

LPI Predicted selective GPR55 agonist. 
Oka S. et al., Biochem. And Biophys. Res. Comm. 362: 928–934, 2007. 

SB366791 Potent, selective and competitive vanilloid TRPV1 (VR1) receptor 
antagonist (pA2 = 7.71 at hVR1); antagonises hTRPV1 receptors 
activated by agonists, noxious heat, but not protons. 
Fowler et al., Biochem. Pharmacol. 66: 757, 2003. 

AM251 Selective CB1-antagonist with a Ki value of 7.5 nM. 
Rinaldi-Carmona M. et al., FEBS Lett 350: 240-244, 1994. 

ACPA Potent and selective CB1 agonist (Ki = 2.2 nM). Displays 325-fold 
selectivity over CB2 receptors. 
Hillard et al., J. Pharmacol. Exp. Ther. 289: 1427, 1999. 

http://en.wikipedia.org/wiki/Ubiquinone�
http://en.wikipedia.org/wiki/Nicotinamide_adenine_dinucleotide�
http://en.wikipedia.org/wiki/Adenosine_triphosphate�
http://en.wikipedia.org/wiki/Chemical_decomposition�
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LFM-A13 Potent and selective inhibitor of Bruton’s tyrosine kinase (BTK). 
Mahajan S. et al., Vit. E: A Comprehensive Treatise 274: 9587, 1999. 

U73122 Phospholipase C inhibitor. 
Bleasdale et al., J. Pharmacol. Exp. Ther. 255: 756, 1990. 

PP2 Selective inhibitor of Src-family tyrosine kinases. 
Hanke et al., J. Biol. Chem. 271: 695, 1996. 

Wortmannin Potent, selective, cell-permeable and irreversible inhibitor of 
phosphatidylinositol 3-kinase (PI 3-kinase). 
Arcaro and Wymann, Biochem. J. 296: 297, 1993. 

Table 16: Description of Compounds 

3.4.2 Fura-2(AM); [Ca2+]cyto 

Cytosolic Ca2+, [Ca2+]cyto was monitored in single cells using the conventional fura-2 

technique as described previously (Graier WF. et al., J. Physiol. 506.1: 109-125.,1998; 

Paltauf-Doburzynska J. et al., J. Physiol. 513.2: 369-379, 1998; J. Physiol. 524.3: 701-

713, 2000). Briefly, cells were loaded for 45 min at room temperature in the dark in SB 

containing 2 µM Fura2/AM, washed twice and equilibrated further 30 min in SB. The 

cover slip (Ø 30 mm) was mounted in an experimental chamber and perfused (~ 1.5 ml 

min-1) with Ca2+-buffer. To measure [Ca2+]cyto, cells were excited alternately at 340 and 

380 nm (340HT15 and 380HT15; Omega Optical, Brattleboro, VT, USA). Emission was 

monitored at 510 nm (510WB40; Omega Optical). Fura-2 is a widely used UV-excitable 

fluorescent calcium indicator, developed by Tsien RY. et al., J Biol Chem 260: 3440, 

1985. Upon calcium binding, the fluorescent excitation maximum of the indicator 

undergoes a blue shift from 363 nm (Ca2+-free) to 335 nm (Ca2+-saturated), while the 

fluorescence emission maximum is relatively unchanged at ~510 nm. For ratiometric 

measurements, excitation at 340 and 380 nm has usually been preferred because the 

absorption peak of Ca2+-free fura 2 is quite close to its isobestic point and Ca2+-free fura 

2 emits greater than Ca2+-bound fura 2 when excited by wavelengths longer than 370 

nm (for review see Takahashi A. et al., Physiol. Rev. 79.4: 1089-1125, 1999). The ratio 

(F340/F380) of the fluorescent emission intensities corresponding to the two excitations is 

used in calculating the intracellular Ca2+ concentration. 

3.4.3 History and functionality of fluorescent proteins 

The Green Fluorescent Protein (GFP) was discovered by Shimomura et al., J. Cell. 

Comp. Physiol. 59: 223–39, 1962 as a companion protein to aequorin, the famous 

chemiluminescent protein from jellyfish Aequorea victoria, which is able to produce both 

aequorin and GFP. Fluorescence means, that a compound takes up electromagnetic 

waves (for example light) and emits light thereafter. In order that this process spends 
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Figure 27: Bioluminescence of A. victoria 

Green dotted ring = GFP 
 

 

 
Figure 28: Chromophores of different FPs 

A: eGFP, B: DSRed 

Due to the fact that green is not the only color of fluorescent proteins in nature, in 1999 

another protein was isolated from the coral Discosoma shining red (DSRed) (Matz et al., 

Nature Biotechnology 17: 969-973, 1999). In case of the DSRed protein an additional 

oxygen reaction takes place, which includes the neighbored Phe65 resulting in a larger 

electron system. Accordingly its excitation λmax= 550 nm and its emission λmax= 580 nm. 

In comparison to the eGFP chromophore the DSRed chromophore is moved by one 

amino acid. Additionally the DSRed protein just occurs as a tetramer and therefore 

energy, the emitted light is of lower energy than 

the light, that is absorbed. That means that the 

emitted light has a lower wavelength. In the 

jellyfish the emitted light is green (Figure 27), 

whereas the absorbed light of higher energy is 

blue. This blue light comes from the photoprotein 

aequorin. The aequorin contains the chromo-

phoric compound, coelenterazin that changes its 

conformation to coelenteramid after binding of 

calcium from the sea. This initiates a chemical 

reaction that results in the production of CO2 and 

blue light. Hence, it subsequently excites the 

GFP, which then emits green light (Tsien RY., 

Annu. Rev. Biochem. 67: 509-544, 1998). 
In 1992 the cDNA of GFP was first cloned and two years later 

it lighted in E. coli and C. elegans (Chalfie M. et al., Science 

263: 802–805, 1994). In the laboratory the GFP is excited by 

the exposure to blue light. Furthermore it was found, that the 

chromophore of the GFP consists of 3 amino acids, serine65-

thyrosine66-glycine67. In order that the wtGFP has a very 

broad excitation spectrum from λuv=395 nm to λblue=475 nm, 

the chromophore was genetically modified by the exchange 

of serine to threonine at position 65 (Ser65Thr) → enhanced 

GFP (eGFP, Figure 28). The eGFP (Heim R. et al., Nature 

373: 663-664, 1995) has its excitation maximum at 488 nm

and emits light at about 530 nm outshining 

sixfold of the wtGFP. 

A 

B 
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needs several hours for the correct protein folding whereas the eGFP exists as a 

monomer. 

In the meantime more and more GFP similar proteins were isolated from other marine 

organisms (e.g.: Anthozoa, Hydrozoa, Siphonophora, Copepoda,…), cloned and 

genetically enhanced. Accordingly, today a lot of fluorescent proteins are available in a 

variety of different colors becoming an indispensable tool in live cell imaging.  

3.4.4 Fusion of Yellow Fluorescent Proteins (YFP) 

Yellow fluorescent mutants of GFP (YFP) contain the modification Ser65Gly. Due to the 

fact that especially eucaryotic cells contain diverse organic (e.g. metabolites), that are 

fluorescent, it is not that easy to distinguish this ‘autofluorescence’ from the background. 

Accordingly the YFP variants are very attractive, hence they possess the best 

illuminating power (citrine, 174 % of eGFP photon efficiency; Griesbeck O. et al., J. Biol. 

Chem. 276: 29188–29194, 2001) and are folding fast (Venus, 156 % of eGFP photon 

efficiency; Nagai T. et al., Nat. Biotechnol. 20: 87–90, 2002).  

To monitor specific proteins, their coding gene sequences were fused with the YFP 

citrine or Venus sequence (3.3.6) on the C-terminal side in order to conserve the 

function of any domains that were mostly located on the N-terminal side of proteins. 

Such constructed plasmids were transfected in cells and observed using a confocal 

imaging system (3.4.10).  

3.4.5 mitochondrial targeted DSRed (mtDSRed) 

 
Figure 29: Vector map of mtDSRed 

The Cox VIII sequence that is fused with the DSRed 

sequence in the mtDSRed vector (Figure 29), is 

mitochondria specific and targets the DSRed protein 

(176 % of eGFP brilliancy) exclusively into the mito-

chondria of cells transfected with this plasmid (3.1.1). 

On the one hand it was used as a marker protein for 

non-tagged overexpression proteins or siRNA and  

monitored on a Nikon inverted microscope (Eclipse 

300TE, Nikon, Vienna) and excited at 558 nm 

(575DF25 Omega Optic). Emission was detected at 

583 nm (528-633DBEM Omega Optical).  
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On the other hand it was used to record mitochondrial motility using a confocal imaging 

system (3.4.10 and 3.4.11).  

3.4.6 mitochondrial targeted ratiometric pericam (mtRP); ([Ca2+]mito) 

Curiously fluorescent proteins would also shine, if they were divided into two parts and 

each the halfs were fused to a protein ‘X’ and ‘Y’. If the proteins ‘X’ and ‘Y’ then interact 

in a cell, the two FP parts are close-by and a fluorescence signal can appear.  

This method is called multicolor fluorescence complementation analysis and is used to 

monitor the interaction between two proteins (Hu CD. et al., Nat. Biotechnol. 21: 539–

545, 2003). 

 
Figure 30: Vector map of mtRP 

 
This conformational change of CaM after binding calcium causes an interaction with the 

M13 peptide (Calmodulin binding domain of myosin light chain kinase M13). Random or 

rational mutations introduced into the sequence generated three variants of pericams, 

one of these was named ratiometric pericam, because it was first described to allow 

ratiometric measurements. The conformational change that leads to alterations in the 

fluorescent properties upon Ca2+ binding can be monitored at excitation wavelength of ~ 

430 nm (430DF15; Omega Optical). Excitation of ~ 480 nm reveal the sensitivity of this 

probes to changes in pH and more less to Ca2+ concentrations. Emission is monitored 

at 535 nm. For the measurements of mitochondrial free Ca2+ concentration ([Ca2+]mito) in 

single cells we used mitochondrial targeted ratiometric pericam (mtRP), that is fused 

with a COX IV mitochondrial targeting sequence (Figure 30; Nagai et al., PNAS 98(6): 

The functionality of so called a circularly permuted 

GFP (cpGFP) is similar to that. Accordingly the GFP 

is divided between the amino acid position 144/145 

and the two parts were subsequently interchanged. 

Pericam Ca2+ sensors are designed on the basis of a 

circularly permuted yellow fluorescent protein 

(cpYFP) that is sandwiched between a Calmodulin 

(CaM) and a M13 sequence. The protein CaM is an 

ubiquitous intracellular calcium sensor that responds 

to changes in calcium concentration. Each CaM 

molecule has four binding sites for Ca2+. The 

molecule undergoes a conformational change after 

calcium-binding. 
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3197-3202, 2001). Due to the recognized pH-sensitivity of mtRP at 485/488 nm 

excitation (Malli R. et al., J. Biol. Chem. 278(45): 44769-79, 2003), [Ca2+]mito was 

monitored by the fluorescence of the pH-insensitive but Ca2+-sensitive 430 nm 

excitation and [Ca2+]mito was expressed as 1-(F433/F0). 

3.4.7 Förster Resonance Energy Transfer (FRET) 

Over the past few years, the rapid development of fluorescent proteins and their 

application as fusion products and biosensors have significantly expanded the 

molecular toolkit available for probing the mysteries of cellular physiology and 

pathology. In this regard, Förster resonance energy transfer (FRET) is emerging as a 

powerful optical microscopy technique for examining physiological processes with high 

temporal and spatial resolution. 

  
Figure 31: Diagram of FRET process 

From donor to acceptor molecule 
 

 

 
Figure 32: Excitation and Emission spectra 

For CFP/YFP in FRET system 

FRET is transfer of the excited state energy from the 

initially excited donor (D) to an acceptor (A). The 

donor molecules typically emit at shorter 

wavelengths that overlap with the absorption of 

acceptor. The process is a distance-dependent 

interaction between the electronic excited states of 

two molecules without emission of a photon. FRET 

is the result of long-range dipole-dipole interactions 

between the donor and acceptor (Figure 31; Wu P. 

et al., Anal Biochem. 218: 1-13, 1994). FRET occurs 

when the donor and acceptor molecules are within a 

specified range, usually < 10 nm or 10 - 100 Å. In 

the process of FRET, the excited-state energy of a 

donor is transferred to an acceptor molecule. Once 

excited, the acceptor can return to the ground state 

and emit light at its characteristic wavelength, which 

is always longer than the emission wavelength of the 

donor. The cyan-colored CFP as donor and the 

yellow YFP as acceptor, named cameleon, are well 

suited for FRET experiments in living cells, since the 

emission spectrum of CFP partially overlaps the 
spectrum of YFP (Figure 32). 
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The cyan fluorescent protein (CFP) is another variant of GFP with the modification 

Tyr66Trp of the chromophore. Blue light, λem= 480 nm, is emitted upon λexc=430 nm of 

the CFP, if the YFP is to far away from the CFP to form a FRET signal. In contrast 

yellow light, λem= 535 nm, is just emitted upon λexc=430 nm, if CFP and YFP are so 

close to each other, that the energy gets transferred from the CFP to the YFP (3.4.8). 

3.4.8 D1ER; ([Ca2+]ER) 

Measuring of ER calcium ([Ca2+]ER) using the D1ER plasmid (Figure 33) is based on the 

FRET technology (Figure 34). 

 
Figure 33: Vector map of D1ER 

 

 

 

 

 

 

 

 

Figure 34: Schematic of FRET Technology using D1ER 
A-C: A cyan (CFP, blue barrel) and a yellow (YFP, yellow barrel) shining FP are connected via a reactive 
Ca2+-sensitive peptide bridge (D1); A: Without Ca2+ CFP and YFP are separated from each other and 
upon λexc=430 nm just the CFP gets excited and emits blue light (λem=480 nm). B: After binding of Ca2+ 
the YFP gets close to the CFP upon a conformational change resulting in a FRET signal by emitting 
yellow light (λem=535 nm), although λexc=430 nm was used for excitation. C: Legend  
Images for Figures 27, 28 and 34 taken from Veith D. and Veith M.: Biologie fluoreszierender Proteine, 
Biologie unserer Zeit 6: 304-404, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, 2005. 
 

D1ER consists of a mutant CaM / 

peptide pair, designated as Design 1 

(D1), that was cloned between CFP 

and citrine to yield a reengineered 

cameleon. Additionally of the 

calreticulin signal sequence and a 

KDEL ER-retention tag led to 

effective and specific localization of 

the cameleon to the ER in 

mammalian cells (Palmer et al., 

PNAS 101(50): 17404–17409, 2004). 

Modified = D1

A B C 
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For measuring the free Ca2+ concentration within the lumen of the ER Ca2+ dependent 

FRET of the ER targeted cameleon construct D1ER was monitored as described 

previously (Osibow K. et al., J. Biol. Chem. 281: 5017-5025, 2006). Transfected cells 

were excited at 440 ± 15 nm (440AF21, Omega Optical) and emission was monitored 

simultaneously at 535 and 480 nm with one given camera using an optical beam splitter 

(535 and 480, Dual-View MicrolmagerTM, Optical insights, Visitron Systems, Puchheim, 

Germany). To account for photobleaching or photochromism of D1ER the bleaching 

function F0 was calculated for each individual cell using a one phase exponential decay 

equation for curve fitting according to the individual decay of Ratio F535/F480 that were 

collected at the beginning and the end of each experiment. 

3.4.9 Data acquisition for Calcium measurements 

All experiments for measuring [Ca2+]cyto, [Ca2+]mito or [Ca2+]ER  were performed on a 

deconvolution microscope that consists of a Nikon inverted microscope (Eclipse 300TE, 

Nikon, Vienna) equipped with CFI Plan Flu or 40x oil immersion objective (NA 1.3; 

0.171 µm pixel-1, Nikon, Austria), an epifluorescence system (150W XBO; Optiquip, 

Highland Mills, NY, USA), a computer controlled z-stage (Ludl Electronic Products, 

Haawthrone, NY, USA) and a liquid-cooled CCD camera (-30°C; Quatix KAF 1400G2, 

Roper Scientific, Acton, MA, USA). Excitation wavelengths were selected using a 

computer controlled filter wheel (Ludl Electronic Products, Haawthrone, NY, USA). All 

devices were controlled: by either Metafluor 4.0 (Visitron Systems, Puchheim, 

Germany) for Ca2+ measurements. 

3.4.10 Confocal Imaging 

Cells transfected with YFP-tagged proteins and/or mtDSRed were monitored in 

performing z-scans or time-lapse experiments using a Nipkow-disk-based array 

confocal laser scanning microscope (ACLSM; Malli R. et al., J. Biol. Chem. 278: 10807-

10815, 2003). The ACLSM was built on a Zeiss Axiovert 200M (Zeiss Microsystem, 

Jena, Germany) equipped with VoxCell Scan® (VisiTech, Sunderland, UK), a 150 mW 

Ar- laser (laser Physic; West Jordan, UT, USA) and controlled by Metamorph 6.2r6 

(Universal imaging, Visitron System, Puchheim, Germany). Fluorescent proteins were 

imaged with a 100 x objective (α Plan-Fluar 100 x / 1.45 oil objective, Zeiss Micro-

system, Jena, Germany). The YFP (citrine or venus) probe targeted to the protein of 

interest was excited using the 488 nm Ar-laser line for illumination. The emitted light 
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was filtered at 535 nm using an emission filter 535/30 (Chroma Technology Corp., 

Rockingham, VT, USA), which was mounted in a computer-controlled fastfilter wheel 

(Ludl, Electronic Products, Hawthrone, NY, USA). The mtDSRed probe was imaged 

with the 100 x objective as previously described and excited using the 514 nm Ar-laser 

line. The emitted light was filtered at 570 nm with the emission filter E570LPv2 (Chroma 

Technology Corp., Rockingham, VT, USA), that was mounted as aforementioned. Z-

scans were performed in z-intervals of 0.1 µm between the planes. Mitochondrial 

motility was recorded in time-lapse experiments between 600 and 780 seconds by 

taking an image each second after 1000 ms exposure time. 

3.4.11 Analysis of mitochondrial motility 

Mitochondrial motility was measured as according to a recently established protocol by 

Malli R. using a programmed journal on the MetaMorph 6.2r6 software were used to 

analyze the time dependent changes of moving mitochondria. In brief, a background 

area was selected and subtracted from each image plane of the movie. In order to 

prevent any influences from photobleaching of the mtDSRed, that may have occurred 

during the experiment, a threshold was set and every plane was subsequently 

binarized. The binarized stack was then divided into sets of ten consecutive images. By 

subtraction of sequential images (1-s interval), the fluorescence change for each pixel 

was calculated, and pixels that exhibited a change (positive or negative) greater than 

the threshold were counted for each time point and added for each set of images. The 

resulting pixel image for each set of images were calculated according to the motility of 

mitochondria during each 10-s interval. Changes in the pixel number were normalized to 

the initial value calculated for cells before stimulation. 
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4 Results 
Two different approaches were performed for the identification of putative Ca2+-

dependent scaffold proteins: 

A Proteomic Approach (1.8; 4.1) and a Bioinformatic Approach (1.9; 4.2). 

 

4.1 Proteomic Approach 

The major problems concerning the visualization of total cell or tissue extract proteins lie 

in the high dynamic range of expression, and the diversity of proteins with respect to 

molecular weight, isoelectric point and solubility. Although a one-step procedure for 

protein extraction would be highly desirable with regard to simplicity and reproducibility, 

there is no single method of sample preparation that can be universally applied to all 

kinds of samples analyzed by 2-D PAGE (Görg A., A laboratory Manual, 1-77, 2003).  

Proteases present within samples have to be inactivated to prevent protein degradation 

which can result in artificial spots (4.1.1). 

The fundamental steps in sample preparation are (a) cell disruption, (b) inactivation or 

removal of interfering substances and (c) subsequent solubilization of the proteins. 

Although a large number of ‘standard’ protocols has been published, these protocols 

have to be adapted and further optimized for the type of sample (e.g. microbial cells or 

mammalian tissue) to be analyzed. 

(a) Cell disruption was experimentally optimized for Ea.hy926 cells (4.1.1.2). 

(b) Interfering substances like sucrose (4.1.2.3), salts, polysaccharides, lipids (4.1.3) or 

nucleic acids (4.1.4) have to be inactivated or removed. The drawback of these 

procedures is a possible loss of proteins. 

(c) Detergents for the solubilization of proteins have to be adapted to the proteins of 

interest (e.g. ‘soluble’ or highly ‘insoluble’ membrane proteins, respectively; 4.1.2.4). 

Protein extracts should not be too diluted to avoid loss of protein due to adsorption to 

the wall of the vessel (glass or plastic). The minimum protein concentration should not 

be less than 0.1 mg/ml, and optimum concentration is 1-5 mg/ml. 
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4.1.1 Ideal Protease Inhibitor 

Crude cell extracts contain a number of endogenous enzymes, such as proteases and 

phosphatases, which are capable of degrading the proteins present in the extract. The 

best way to improve the yield of intact proteins is to add inhibitors of these enzymes 

known to be present in the source material.  

The Protease Inhibitor Cocktail for mammalian tissue (P 8340, Sigma-Inc., St. Louis, 

Missouri) was found to be ideal for the inhibition of proteases from an endothelial cell 

line like the Ea.hy926. Accordingly, it was found out that 20 µl of this mixture supplied to 

2 ml of homogenization buffer (HB) was the optimum concentration to inhibit proteases 

without any interference in the following procedures.  

4.1.2 Optimization of Sample Preparation for Plasma Membrane Proteins 

4.1.2.1 Optimization of Homogenization 

One major limitation in the successful fractionation of tissue culture cells is the 

production of an ‘‘ideal’’ homogenate, that is, the release of organelles and other cellular 

constituents as a free suspension of intact, individual components. Very often 

cytoplasmic aggregates are observed which contain cytoskeletal elements as well as 

various organelles. However, aggregates can reflect some pre-existing cellular 

organization, particularly due to the cytoskeleton, which may cause the cytoplasm to 

maintain some degree of organization after homogenization. Consequently organelles 

remain associated with the cytoskeletal elements surrounding the nucleus and/or 

become entrapped in large aggregates which readily sediment. A potential source for 

those are nuclei which break under harsh homogenization conditions and subsequently 

release DNA. This in turn will result in significant loss of components of the homogenate 

during the initial centrifugation step for removal of nuclei. Since the cytoplasmic and 

cytoskeletal organization of different tissue culture cells varies enormously, 

homogenization conditions must be optimized for each cell line (Pasquali C. et al., J. of 

Chromatography B 722: 89–102, 1999). 

The quality of the homogenization should be assessed by morphological means; e.g., 

by phase contrast microscopy, it is possible to assess the extent of cellular disruption, 

i.e., the appearance of unbroken nuclei and the absence of large aggregates. 

To optimize cell disruption homogenization was performed by three different 

procedures, (1) Homogenization using a 22G needle and a 1-ml syringe (Pasquali C. et 
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al., J. of Chromatography B 722: 89–102, 1999), (2) Homogenization using a Dounce 

homogenizer with a tight fitting pestle (Desjardins M. et al., J. of Biol. Chemistry 

269(51): 32194-32200, 1994; Remold-O´Donell, Preparative Biochemistry, 7(6): 441-

455,1977), (3) Homogenization by Sonication (Podolsky DK. et al., PNAS 71(3): 904–

908, 1974; Boone CW. et al., The J. of Cell Biology 41: 378-392, 1969). (1) Cells were 

disrupted by 3-4 strokes passing the 22G needle. This kind of homogenization was not 

useful for this endothelial cell line as it breaks open the nuclei. (2) The cell suspension 

was homogenized with 10 strokes using a glass/Teflon homogenizer after Potter.  

(3) The suspension was sonicated in nine 15-second bursts and 30-second intervals 

using a Labsonic 2000 sonifier (Braun, Melsungen, Germany). 

The quality of the two different homogenization methods (2) and (3) was verified by 

phase contrast microscopy. Accordingly it was not clearly seen, which of these two 

homogenization methods was more powerful as unbroken nuclei, unbroken cells and 

other cell compartments were found in both samples. Therefore protein concentrations 

were measured in the plasma membrane enriched fractions 2-4 (according to 4.1.2.2, 

Figure 36) after sucrose gradient centrifugation. 

 

 
Figure 35: Overlay of Plasma Membrane enriched fractions 
A: Protein determination of Plasma Membrane enriched fractions (µg/ml) B: Comparison of Plasma 
Membrane Protein Recovery in % after Homogenization by Sonication versus Mechanical Force (39.6 %) 
 

As a result in optimizing homognization of Ea.hy926 cells, Figure 35 clearly shows that 

cells get better disrupted by sonication and therefore higher amounts of protein 

concentrations were revealed within plasma membrane enriched fractions. In 

comparison, protein concentration was about 60 % decreased, if homogenized by 

mechanical force. Accordingly this data indicate that more cells remained unbroken 

under these conditions. 

A B
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4.1.2.2 Verification of Plasma Membrane enriched fractions 

Isolation of Plasma membrane from Ea.hy926 cells was performed as previously 

discussed (3.3.1.3) after homogenization by sonication (4.1.1.1). The various fractions 

(~20 x 500 µl) were subsequently taken after sucrose gradient centrifugation and 

analyzed in Western blot experiments using either a Caveolin 1 antibody or a SR B1 

antibody (3.3.12) to identify plasma membrane enriched fractions. 

Therefore, the protein concentrations were determined from the fractions (Figure 36). 

Accordingly the amount of protein was calculated for each fraction and plotted in order 

to their cell compartments as predicted (Remold-O´Donell E., Preparative Biochemistry, 

7(6): 441-455, 1977; Aronson NN. et al., Methods Enzymol. 31(Pt.A): 90-102, 1974). 

The average yield of plasma membrane protein was 250 µg per 5 mg (~ 5 % of the cell 

protein), that is in line with Emmelot P. et al. Methods Enzymol. 31(Pt.A): 75-90, 1974.  

 

 
Figure 36: Protein concentrations of the various fractions 
Colored bars indicate fractions containing the proteins of the various cell compartments as predicted. 
Total Protein Weight from 20 x 10 mm dishes of confluent Ea.hy926 cells: 4.715 mg 
 

For Western Blot Analysis 450 ng of each odd-numbered fraction was transferred into 

each slot of the stacking gel. Caveolin 1 was detected in Western Blot Analysis 

indicating plasma membrane enriched fractions (Figure 37). Unfortunately SR B1 was 

not detected within any fraction. 
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Figure 37: Distribution of Caveolin 1 containing fractions 
 

Comparing the plasma membrane enriched fractions with their protein concentrations, 

the quality of plasma membrane enriched fractions was improved by just pooling the 

fractions 2-4 to avoid any contamination derived from other cell compartments. 

4.1.2.3 Purification and Extraction of plasma membrane proteins 

Plasma membrane protein enriched fractions obtained after sucrose gradient 

centrifugation contain a lot of interfering compounds like sucrose, proteolytic enzymes, 

salts, lipids or polysaccharides. These have to be removed prior to 2D-gel 

electrophoresis. Therefore the pooled fractions 2-4 were dialyzed in an Argon-gas 

inerted dialysis tube for 15 hours in 2 l of double destilled water at 4°C (Owens GP. et 

al. Journal of Virological Methods 68: 119-125, 1997). Thus, interfering compounds got 

removed, but the volume of the protein sample was still to high for the labelling 

procedure. Accordingly, the sample was concentrated from 2500 µl to 500 µl using the 

Centriprep® Centrifugal Filters (Millipore Corp., County Cork, Ireland). 

4.1.2.4 Solubilizaton of Plasma Membrane Proteins 

The ideal sample solubilization procedure for 2-D PAGE would result in the disruption of 

all non-covalently bound protein complexes and aggregates into a solution of individual 

polypeptides which remain soluble during the 2-D electrophoretic separation. 

Whereas satisfying results with modified O’Farrell’s lysis buffer are obtained with the 

more hydrophilic proteins, this standard IEF sample buffer is not ideal for the 

solubilization of all protein classes, in particular not for membrane or other hydrophobic 

proteins. Improvement in the analysis of hydrophobic proteins was achieved by thiourea 
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(Rabilloud T., Electrophoresis 19: 758-760, 1998) and zwitterionic detergents like 

CHAPS. Merits and limits of these new detergents, chaotropes, and reducing agents 

have been thoroughly discussed by Rabilloud T. et al., Electrophoresis 18: 307-316, 

1997 and Proteome Research: Springer: 9-29, 2000. 

4.1.3 Optimization of Sample Preparation for Membrane Proteins 

The membrane enriched protein fraction obtained as described in 4.1.2.1 contained 

lipids, polysaccharides or salts that may interfere in two-dimensional electrophoresis: 

Lipids may interact with membrane proteins and consume detergents (Görg A. et al., 

Proteomics 4, 3665–3685, 2004). Polysaccharides (especially the charged ones) can 

interact with carrier ampholytes and proteins, and give rise to streaky 2-D patterns. 

Moreover, these macromolecules may also increase the viscosity of the solutions and 

clog the pores of the polyacrylamide gels (Görg A. et al., Proteomics 4, 3665–3685, 

2004). High concentrations of salts may effect electrophoresis separation as they can 

give rise to excessive local differences of heating due to high current (Cañas B. et al., 

Journal of Chromatography A 1153: 235–258, 2007). 

To remove these interfering compounds, the protein sample was precipitated as 

described (3.3.2.1). Thereafter the precipitated sample was dissolved in the sample 

buffer mentioned before (4.1.2.4). 

4.1.4 Optimization of Sample Preparation for Nuclear Proteins 

Nuclei obtained after low speed sedimentation (3.3.1.4) were homogenized for a second 

time using a 22G needle and a 1-ml syringe (4.1.2.1) to disrupt them. 

The presence of nucleic acids, especially DNA, interferes with isoelectric focusing of 

proteins. DNA is negatively charged and binds to proteins resulting in artifacts in protein 

migration during IEF. Under denaturing conditions DNA complexes are dissociated and 

markedly increase the viscosity of the solution. This inhibits entry of the protein to the 

gel matrix and slows their movement during focusing. Nucleic acids can be removed by 

enzymatic digestion (GE Healthcare, 2-D Electrophoresis: Principles and Methods, 

Handbook 80-6429-60AC: 19, 2004). 

Therefore, the samples were treated with a protease-free DNase/RNase mixture to 

reduce the nucleic acids to mono- and oligonucleotides. This was done after cooling first 

at room temperature for 5 min and then on ice. The cell extracts were then treated with 

nucleases by adding 0.5 ml of nuclease buffer (1 mg of DNase I/ml (Sigma Inc.), 0.25 
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mg of RNase A/ml (Sigma Inc.), 24 mM Tris base, 476 mM Tris HCl, and 50 mM MgCl2) 

and incubated on ice for 15 min (Marouga R. et al., J. of Bacteriology 178(3): 817-822, 

1996). 

The nucleic protein sample was then subsequently precipitated and solubilized as 

previously discussed (4.1.3). The DNase and RNase proteins may appear on the 2-D 

map resulting in a smear (Figure 42). 

4.1.5 2D Gel Analysis 

4.1.5.1 Plasma Membrane Proteins 

The average concentration of total purified plasma membrane proteins yielded about 

80-100 µg/500 µl. However equal amounts of protein (30 µg) from the untreated and 

treated sample were labeled with 400 pmol of their corresponding CyDyes (3.3.4.2) and 

combined. 2D gel electrophoresis was run as described (3.3.5). Several proteins were 

picked from the resulting gel outlined in Figure 38, tryptic in-gel digested and applied to 

MALDI-TOF for protein identification. 

According to the low amount of protein concentration supplied to 2D-electrophoresis it 

seemed unclear, if any protein could be identified by mass spectrometry. Thus, just one 

protein was identified (marked with yellow number 1) from this 2D gel (Table 17), which 

was 1.29 fold increased in the treated sample. 

4.1.5.2 Membrane Proteins 

The average concentration of total purified membrane proteins yielded about 800-1000 

µg/100 µl. Accordingly, 672.5 µg of each protein extract, untreated or treated, were 

labeled for 2D gel electrophoresis in the presented 2D gel map (Figure 39, Table 18). 

Additionally, the mass spectrum (40 Figure) and the Mascot Search Result (Figure 41) 

of Peroxiredoxin 1 (Prdx1) is outlined as one example for protein identification after 

MALDI-TOF analysis. 

4.1.5.3 Nuclear Proteins 

The average concentration of total purified nuclear proteins after subtracting the amount 

of inserted nucleases yielded about 1000-1200 µg/200 µl. 

The presented 2D gel map (Figure 42, Table 19) contained 900 µg of total nuclear 

protein, 450 µg of each, treated and untreated protein extract. 
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4.1.6 2D Gel Maps 

General Guidelines for Reading the presented 2D Gel Maps and Tables: 

1. pI value:    pI (left end): ~3   pI (right end): ~10 

2. Molecular weight: Mass (upper end): ~200 kDa Mass (lower end): ~9 kDa 

3. Picked Spots: encircled black 

4. Identified Proteins: numbered yellow and listed in the particular tables 

5. Abundance:  Increased: positive values  Decreased: negative values 

6. Selected Client Proteins: Bold marked 

 

 
Figure 38: 2D Gel containing Plasma Membrane Proteins from Ea.hy926 cells 
 

 

Number Identified Protein Mass (Da) pI value Abundance 

1 Annexin A2 isoform 2 38594 7.57 1.29 

Table 17: Identified Plasma Membrane Protein (corresponding to Figure 38) 
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Figure 39: 2D-gel containing Membrane proteins from Ea.hy926 cells 
 

Number Identified Protein Mass (Da) pI value Abundance 

1 Heat shock protein gp96 90138 4.73 1.15 

2 
Eucaryotic translation 

elongation factor 2 
95277 6.41 1.43 

3 ACTB protein 40194 5.55 -1.22 

4 Annexin A2 isoform 2 variant 40505 8.41 1.25 

5 ANXA2 protein 38564 7.57 1.22 

6 Peroxiredoxin 1 22096 8.27 1.31 

Table 18: Identified Membrane Proteins (corresponding to Figure 39) 
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Figure 40: Mass spectrum of Peroxiredoxin 1 
Protein Mass Fingerprint of Peroxiredoxin 1 after tryptic in-gel digestion 

 

 

 
Figure 41: Mascot database analysis of mass spectrum 
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Figure 42: 2D-gel containing nuclear proteins from Ea.hy926 cells 
 

Number Identified Protein Mass (Da) pI value Abundance 
1 Valosin-containing Protein 89266 5.14 -2.02 
2 Heat shock 70 kDa protein 73653 5.87 -1.22 
3 Chaperonin 61016 5.7 -1.23 
4 Enoyl CoA hydratase 82907 9.16 -2.04 
5 Protein disulfide isomerase 56761 5.98 1.27 
6 Pyruvate kinase 3, isoform 1 57841 7.58 1.24 
7 Enolase 1 variant 47139 7.01 1.58 
8 Hypothetical protein 47139 7.01 1.58 
9 ATP synthase, ATP5A1 protein 48765 9.1 -1.36 
10 Actin beta 40194 5.55 1.26 
11 Beta Actin 41710 5.29 1.22 

12 Glyceraldehyd-3-phosphate 
dehydrogenase 36030 8.57 -1.29 

13 Annexin 1 35018 7.77 -1.28 

14 Heterogenous nuclear 
ribonucleoprotein A2/B1 28384 7.4 1.23 

15 Glutathione S-transferase 23327 5.43 -1.84 

16 Non-metastatic cells 2, protein 
(NM23B) expr. in isoform 2 17287 8.55 1.22 

Table 19: Identified Nuclear Proteins (corresponding to Figure 42) 
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4.1.7 Abundance of selected Client Proteins 

Two Client proteins were selected from the Proteomic Approach for further 

investigation, Peroxiredoxin 1 (Prdx1) from the membrane protein extract and Valosin 

containing protein (VCP) from the nuclear protein extract.  

Upon histamine stimulation the abundance of Prdx1 in the membrane fraction was 

found about 30 % higher compared to the untreated protein extract, whereas the 

abundance of VCP was about 50 % decreased in the nuclear fraction. 

The 3-D view of the DeCyder Differential Analysis Software clearly showed the 

differences in the abundance of the two proteins derived from the various protein 

extracts (Figure 43). Additionally these two proteins seemed to be the most interesting 

in terms to be involved in Ca2+ homeostasis (Introduction). 

 

 
Figure 43: 3-D Views of Client Proteins (Untreated vs. Treated) 
1: Peroxiredoxin 1: 1A: Cy3 labelled (untreated) 1B: Cy5 labelled (treated) 
2: Valosin containing protein: 2C: Cy3 labelled (untreated) 2D: Cy5 labelled (treated) 
 

4.1.8 Cloning Genes of Client Proteins 

Both genes, Prdx1 and VCP, were amplified out of a cDNA from Ea.hy926 in a several 

PCR experiments. For the amplification of Prdx1 using the Primers Poxi for 

(GGGAAGCTT-ATGTCTTCAGGAAATGCTA) and Poxi rev (TACGGATCC-

CTTCTGCTTGGAGAAATA) in the Hot-Start Taq-Polymerase protocol (3.2.4.4) and for 

VCP using the Primers VCPA for (CCGAAGCTT-ATGGCTTCTGGAGCCGATT) and 

VCPH rev (GTTGGATCC-GCCATACAGGTCATCATCA) in the protocol for the 

advantage cDNA PCR kit (3.2.4.5). The citrine (YFP) was amplified from a D1ER 

fragment using the Primers citrine/eCFP BamHI for (GGAGGATCC-

ATGGTGAGCAAGGGCGAGCA) and citrine/eCFP EcoRI rev (AGAATTC-

TTAGCCGAGAGTGATCCCGGC) in a Hot Start Taq PCR experiment.  

In the face of further investigations based on finding interaction proteins the pBudCE4.1 

vector (Invitrogen) was selected for the cloning procedures as it was designed to 

1 2
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simultaneous expression of two genes in mammalian cell lines, and therefore contains 

the human cytomegalovirus (CMV) immediate-early promotor and the human elongation 

factor 1α-subunit (EF-1α) promotor for high-level, constitutive, independent expression 

of two recombinant proteins. 
Figure 44: Restricted inserts for cloning into pBudCE4.1 

 
Accordingly the coding sequences of the client proteins and the citrine as well as the 

vector were enzymatically digested at their restriction sites and separated on an 

agarose gel (Figure 44). The inserts were then ligated into the CMV multiple cloning site 

of the pBudCE4.1 vector in one three-point or two two-point ligation resulting in citrine 

tagged client protein constructs (Figure 45). 

 

 
Figure 45: Gene maps of pBudCE4.1 containing citrine tagged client proteins 
A: Coding sequence of Peroxiredoxin 1 fused to citrine in the CMV multiple cloning site 
B: Coding sequence of Valosin containing protein fused to citrine in the CMV multiple cloning site 
 

Both constructed plasmids were verified in a Restriction Control (HindIII/EcoRI) resulting 

in the expected bands (gel photographs not shown), ~ 4500 bp for the linearized vector, 

~ 1300 bp for Prdx1-citrine and ~ 3000 bp for VCP-citrine. Additionally verification of 

clones were performed by sequencing. In order to review the correct sequences of the 

two genes, sequencing was performed using the gene specific primers Poxi for and 

Poxi rev for the Prdx1 construct and VCPA for, VCPA rev, VCPB for, VCPH for for the 

A B

1. citrine restricted BamHI / EcoRI (~ 700 bp) 

2. pBud restricted BamHI / EcoRI (~ 4500 bp) 

3. VCP restricted HindIII / BamHI (~ 2420 bp) 

4 Peroxiredoxin 1 restricted HindIII / BamHI (~ 600 bp) 
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VCP construct. For the purpose of the correct fusion with the citrine sequence and the 

correct insertion in the vector detection primers were used for both constructs (pBud 

MCS1 for, pBud MCS1 rev, citrine/eCFP BamHI for and citrine/eCFP EcoRI rev). 

The clones that were found to be positive in containing the correct constructs for the 

citrine fused Prdx1 or VCP were subsequently applied to a maxi preparation. 

4.1.9 Imaging of Client Proteins 

The plasmids for the citrine tagged client proteins obtained from the maxi preparation 

were transfected into Ea.hy926 cells and visualized 24 or 48 hours after transfection. 
 

 

 
Figure 46: Distribution of client proteins overexpressed in Ea.hy926 
A,B: Overexpression of citrine tagged Peroxiredoxin A: 24 h after transfection B: 48 h after transfection 
C,D: Overexpression of citrine tagged VCP C: 24 h after transfection D: 48 h after transfection 

A B

C D
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Protein distribution in live cell imaging was obtainedusing the confocal imaging system. 

Peroxiredoxin 1 was found to be primary localized in various subcellular organelles and 

in the cytosol (Figure 46A,B) as recommended by Mowbray AL. et al., J. of Biol. Chem. 

283(3):1622–1627, 2008. 

Subcellular localization of VCP was observed to be primary in the nucleus and the 

cytosol of Ea.hy926 cells (Figure 46C,D), which was already found out in human cell 

lines by Zhang H. et al., DNA and Cell Biology 19(5): 253-263, 2000. 

According to the treated situation in the proteomic approach, the two tagged client 

proteins were also monitored to observe their translocation during histamine stimulation. 

Neither Peroxiredoxin 1 nor VCP was found out to show a clear translocation upon 100 

µM histamine stimulation when overexpressing Ea.hy926 cells with the citrine fused 

proteins for 24 or 48 hours after transfection. 
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4.2 Bioinformatic Approach 

Based on the sequence and structure annotation (1.9) several proteins were selected 

that may act as putative Ca2+-activated scaffolds. However, the list of such proteins 

presented in Table 20 is still in process, other selection criteria were established, to 

verify the most interesting proteins. 

Due to the recent publications on mitochondrial motility (1.3) the idea was born to select 

a protein that may have an influence on this phenomenon. Accordingly such a protein 

was supposed to possess several of the following structural or functional characteristics 

(A-D): 

 

A. For the induction of the Ca2+-dependent mitochondrial motility, it may possess a 

Ca2+-binding domain, which can either be a C2-domain or EF-hand domains (1.12). 

B. It may be either localized within mitochondria or recommended to be 

mitochondria-associated. 

C. As mitochondria fulfill their movements with the aid of microtubles, it may interact 

with tubulin. 

D. It may possess a predicted kinase activity. 

 

Among all the proteins on the list, just three proteins were found to possess two or more 

of these selection criteria: 

 

1. MIRO1: EF-Hand domains, Mitochondrial Localization 

2. MIRO2: EF-Hand domains, Mitochondrial Localization 

3. RAB11FIP5: C2-domain, Mitochondrial Localization, Interaction with γ-tubulin 

 

In a first series of experiments various siRNAs against RAB11FIP5 and MIRO1 

(3.2.10.2) were tested to effect mitochondrial motility. Interestingly one of them does 

(4.2.5), RAB11FIP5, which is further named Gaf1 (gamma-SNAP interacting factor 1) in 

the text according to its interaction with γ-SNAP. 
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Scaffold Ca2+ 
binding. 

Trans-
location 

Location ↔ Cyto-
skelet. 

↔ ion 
channels 

↔ PKC ↔ CREB ↔ Inte-
grins 

↔Kinases Other interaction 
Partners 

Ea.hy 
Expr. 

14-3-3 α/ß   Cytoplasm  
Golgi 

 KCNK3 inhibitor TORC2 Beta 1 ERK5, c-src, Raf1, 
KSR1 

UCP2, UCP3, 
A20,TORC2 

+ 

14-3-3 ε CaM  Cytoplasm 
Nucleus 

 Ca-act. Cl-
channel 

inhibitor   MEKK1,2,3,c-src, 
Raf1, KSR1 

A20 + 

14-3-3 η   Cytoplasm 
Nucleus 

actin KCNH2 inhibitor   c-src, Raf1, KSR, 
CaMK, PDK1 

CDC25, Abl1 + 

14-3-3 γ   Cytoplasm, ER, 
Golgi 

actin  inhibitor CREBBP  c-src, Raf1, KSR1, 
CaMK 

UCP2, UCP3, A20 + 

14-3-3 σ   Cytoplasm   inhibitor   CDK2 CDC2 - 
14-3-3 τ/θ   Cytoplasm 

Nucleus 
  inhibitor   PDK1, Raf1, KSR1 UCP3, UCP3, 

NFAT, CBL, BAX 
+ 

14-3-3 ζ/δ   Cytoplasm  
Golgi 

 Cl-channel inhibitor   MEKK3, AKT1 RGS3, REM1, 
NFAT, UCP3 

+ 

AHNAK   Cytoplasm 
Nucleus, PM 

actin L-Type Ca-
channel 

   PKA, PKB Annexin, S100B + 

AKAP79 CaM  PM actin L-Type Ca-
ch., K-ch. 

   PKA GPCR, IQGAP, 
ADRB2 

- 

AKAP 250 CaM-like 
bdg. 

 Cytoplasm, PM actin     PKA, GRK2 GPCR, ARRB2 + 

ARRB1   Cytoplasm 
Nucleus, PM 

 Na+/H+ 
exchanger 

   GRK2, CSK, c-scr, 
MAPK(ERK), BARK 

GPCR + 

ARRB2   Cytoplasm 
Nucleus 

 Na+/H+ 
exchanger 

   MAPK(ERK), c-scr, 
RAF, ASK, GRK2 

GPCR - 

BANK   Cytoplasm  IP3R    Lyn, Scr IP3R, BCL - 
Calcy- 
phosphin 

EF hands PH domain Cytoplasm      PKA  - 

Calsenilin EF hands Nucleus (Ca 
dependent) 

Cytoplasm, ER, 
Golgi, Nucleus 

 KChlP     Caspase3, 
presenilin 

- 

CARMA1  Cytoplasma 
PM 

Cytoplasm, PM      PDK1 Bcl10 + 

CIB1 EF hands  Cytoplasm, ER, 
Golgi, Nucleus 

     FAK Rac3, Pax3 - 

CrkII   Cytoplasm 
Nucleus, PM 

     Abl, FAK, MAP4K5 Grb2, p130Cas + 

Filamin A ↔ CaR  Cytoplasm 
Nucleus 

 K+-channel    MAPK, FAK, PKA RhoA, caveolin1, 
ROCK 

+ 
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Scaffold Ca2+ 
binding 

Trans-
location 

Location ↔ Cyto-
skelet. 

↔ ion 
channels 

↔ PKC ↔ CREB ↔ Inte-
grins 

↔ Kinases Other interaction 
Partners 

Ea.hy 
Expr. 

GIPC   Cytoplasm, PM      TrkA GAIP, TGFR + 
Homer1   Cytoplasm, ER, 

Nucleus 
 RyR    PI3K TRPC, PIKE + 

IQGAP1 CaM  Cytoplasm, PM, 
Golgi 

 Cl--channel    PKA, ERK2 S100, AKAP, E-
cadherin, catenin 

+ 

MAGI-1   PM actin Cl--channel     Actinin, Catenin, 
JEAP, ESAM 

+ 

MAGI-3   Nucleus, PM       RTPT, TGFβ - 
MIRO 1 EF hands  Mitochondria        + 
MIRO 2 EF hands  Mitochondria        + 
MORG1   Cytoplasm      MAPK unknown - 
MP1   Cytoplasm, 

Endosomes 
actin     MEK1, ERK1/2 KSR2 + 

NHERF-2   Cytoplasm  TRPC, 
Na+/H+ ex. 

   ERK, c-scr AKAP, Gqα, NOS 
β-catenin 

+ 

POSH   Cytoplasm      JNK, MAPK, PKB RACGAP1, Akt2 + 
RAB11FIP2   PM, Cytoplasm, 

Endosomes 
      RAB11, 14-3-3γ, 

RAB11FIP4, 
+ 

RAB11FIP5   PM, Mitochondr. 
Endosomes, 

γ-tubulin      RAB11, γ-SNAP, 
14-3-3γ 

+ 

RACK1   Cytoplasm 
Nucleus, PM 

 IP3R    c-scr, Raf1, TYK2, 
JAK1 

RACGAP, GRID, 
TNFR, NHERF 

+ 

RGS2 CaM  Cytoplasm 
Nucleus, PM 

     PKG1 Gqα, Gsα + 

RGS5   Cytoplasm 
Nucleus, PM 

     MAPK Giα, Goα, CB1R + 

SKRP1   Cytoplasm      ASK1, MKK7 unknown + 
Sorcin EF hands Ca, pH dep. Cytoplasm, PM  L-Type Ca-

ch., RyR 
    Grancalcin, 

Annexin 
+ 

Striatin CaM         Caveolin, PP2A + 
Tamalin   Cytoplasm, PM  HCN    c-scr, Fyn, CASK Cytohesin, SHP2 - 
Vinexin ß   PM      ERK1/2, FAK, JNK, 

PKA, PAK 
Vinclulin, Sos, Cbl + 

Table 20: List of putative Ca2+-activated Scaffolds from Bioinformatic Research 
 



 92

4.2.1 Identification of Gaf1 gene expression in various human cell lines 

Reverse Transcription-PCR was performed to investigate gene expression of Gaf1 in 

Ea.hy926, human umbilical vascular endothelial cells (HUVEC), human uterine artery 

endothelial cells (HUtAEC), ECA, ECV and HeLa cells. 

Using the Advantage® cDNA PCR Kit, the gene expression of Gaf1 was detected with 

two different primer pairs in a 40 cycle PCR experiment. The primer pairs used were 

found to yield amplification products of the expected sizes in all human cell lines tested 

(Figure 47). 

 
Figure 47: Gaf1 mRNA expression in various human cell lines 
The representative agarose gel photographs demonstrate Gaf1 identification using Gaf1 gene specific 
detection/expression primers and cDNA-templates derived from Ea.hy926 (lanes 1,2), HUtAEC (lanes 
3,4), ECV (lanes 5,6), ECA (lanes 7,8), HUVEC (lanes 9,10) and HeLa cells (lanes 11,12). The Gaf1 
lacking the C2-domain sequence was amplified using the primers (Gaf1xC2 for and Gaf1c rev) resulting 
in the expected products of 1531 base pairs (Gaf1xC2, lanes 1, 3, 5, 7, 9). As another control the various 
cDNA were additionally tested using a different primer pair (Gaf1b for and Gaf1c rev) for the amplification 
of a 1316 base pair containing gene fragment (Gaf1h with Bam HI site, lanes 2, 4, 6, 8, 10, 11, 12). 

4.2.2 Validation of siRNA against Gaf1 

The efficiency of the siRNA (Table 4) to knock down Gaf1 was validated by RT-PCR 

experiments in comparison to cells, which were transfected with a Negative Control 

siRNA (Table 4) as described previously (3.2.11). Accordingly the mRNA level of Gaf1 

was about 52 % decreased in Ea.hy926 cells and even 65 % downregulated in HeLa 

cells (Figure 48). 
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Figure 48: Validation of siRNA against Gaf1 in Ea.hy926 or Hela 
Downregulation of Gaf1 in Ea.hy926 (n=5, P<0.005) or HeLa cells (n=4, P<0.05) 42 hours after 
transfection of siRNA against Gaf1 versus Negative Control siRNA 

4.2.3 Cloning of Gaf1 and γ-SNAP expression vectors 

The total coding sequence from the open reading frame (ORF) of Gaf1 has a length of 

1961 base pairs. Several cloning strategies had been planned to clone this sequence or 

a part of it into the pBudCE 4.1 expression vector: On the one hand it was considered to 

construct a plasmid containing the full length Gaf1 sequence without its stop codon 

fused to a GFP at its C-terminal end to visualize expression of Gaf1; on the other hand 

to clone the full length Gaf1 without tag for overexpression studies regarding 

intracellular calcium measurements. Additionally, it was thought of creating a Gaf1 

construct lacking in its C2 domain and either fused to the GFP or not to compare it with 

the full length Gaf1 expression patterns and calcium measurements in the 

overexpression studies. Due to the highly enrichment of GC bases in the N-terminal part 

of the Gaf1 coding sequence, it was neither possible to amplify the full length sequence 

nor the 662bp Gaf1a fragment (Gaf1a for containing overhang with HindIII restriction 

site, Gaf1a rev) from any cDNA template. According to that, the Gaf1a and the Gaf1h 

(Gaf1b for, Gaf1c rev containing overhang with a XbaI restriction site) fragments were 

amplified out of the Ultimate™ Human ORF Clone ID IOH27179 (Invitrogen Inc.) that 

contain the full length cds of Gaf1 in pENTR™221 vector (Figure 49A). In order to the 

BamHI restriction site of Gaf1 at position 651/655, the two fragments obtained were 

restricted and ligated in a three point ligation into the pBudCE 4.1 vector or in the 

pBudCE4.1 containing the citrine Sequence (Bam HI/Eco RI, Figure 44 and 45), 

respectively. Whereas the Gaf1 C2 domain lacking fragment (Gaf1XC2: Gaf1XC2 for 

containing an overhang with a HindIII restriction site and an ATG start codon, Gaf1c 

rev) was amplified out of a cDNA derived Ea.hy926 (Figure 49B) and cloned like the full 
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length Gaf1. Additionally the most prominent interaction partner of Gaf1, γ-SNAP, was 

amplified and fused with either citrine or CFP into the pBudCE4.1 vector (Figure 49C).  
 

To sum up, 6 different plasmids were constructed (1-6 or Figure 49D and 49E): 
 

1. Gaf1     3. Gaf1XC2   5. γ-SNAP-CFP 

2. Gaf1-citrine   4. Gaf1XC2-citrine  6. γ-SNAP-citrine 
 

 
 

    
 
Figure 49: Cloning of Gaf1 and γ-SNAP 
A-C: Representative agarose gel photographs demonstrating restricted gene fragments derived from 
cDNA templates highlighted above: A: Gaf1a restricted HindIII / BamHI (lanes 1-4: ~660 bp) and Gaf1h 
restricted BamHI / XbaI (lanes 5-8: ~ 1320 bp) B: pBudCE4.1 containing citrine HindIII / XbaI (lanes 9-11: 
~ 5200 bp) and Gaf1XC2 HindIII / Eco RI (lanes 12-14: ~ 1500 bp) C: γ-SNAP restricted HindIII / BamHI 
(lanes 15,16: ~ 940 bp). 
D,E: Gene maps of pBudCE4.1 containing either GFP-fused or non-fused genes at the CMV cloning site: 
D: Gaf1 overexpression vector, Gaf1XC2 overexpression vector, Gaf1-citrine fusion protein construct and 
Gaf1XC2 fusion protein construct. E: γ-SNAP-citrine and γ-SNAP-CFP fusion protein constructs. 

4.2.4 Protein expression 

In a first series of experiments, the expression and intracellular distribution of Gaf1 and 

γ-Snap were tested. Either Ea.hy926 or HeLa cells were transiently transfected with the 

Citine-tagged construct of Gaf1 or γ-SNAP and analyzed by digital imaging microscopy 

48 hours after transfection. In order to observe any co-localization of Gaf1 or γ-SNAP 
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with mitochondria, these were either visualized by the co-transfection of mtDSRed or 

using the specific mitochondrial dye mito-tracker red® (Molecular Probes). 
 

 
Figure 50: Targeting of citrine-fusion proteins and colocalization with mitochondria 
A: Co-expression of Gaf1-citrine and mitoDSRed in Ea.hy926 cells  
A1: Gaf1-citrine A2: mtDSRed A3: Overlay 
B: Co-expression of Gaf1-citrine and mitoDSRed in HeLa B1: Gaf1-citrine B2: mtDSRed B3: Overlay 
C: Expression of γ-SNAP-citrine, mitochondria stained with mito-tracker red® in Ea.hy926 cells  
C1: γ-SNAP-citrine C2: mito-tracker red® visualized mitochondria C3: Overlay 
 

The overexpression of the citrine-tagged Gaf1 or C2 domain lacking Gaf1 (not shown) 

resulted in similar protein expression patterns. Both were found out to be primarily 

localized in the plasma membrane of Ea.hy926 or HeLa cells, but secondary in 

intracellular compartments, which partially colocalized with mitochondria. However 

these data may also indicate that Gaf1 is part of a machinery linking mitochondria to the 

plasma membrane (1.3; 1.5). 

In contrast, the protein expression of γ-SNAP was observed to be rather cytosolic but 

structurally shaped and partially colocolized with mitochondria, too. 
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4.2.5 Impact of Gaf1 on Mitochondrial Motility 

In order that Gaf1 was described to interact with γ-tubulin like mitochondria were 

demonstrated to do we intended to test whether or not Gaf1 is involved in mitochondrial 

motility. Therefore HeLa cells were co-transfected with mtDSRed and siRNA against 

Gaf1 or Negative Control siRNA and monitored 42 hours after transfection. In response 

to 100 µM histamine mitochondrial motility was slightly influenced in cells that were 

Gaf1 downregulated, while mitochondria nearly stopped their activity in control cells. 

More precisely after analysis of the mitochondrial movements it was found out, that the 

minimal motility was about 80 % of the resting state in case of Gaf1 silenced cells, while 

it was about 40 % in case of control cells (Figure 51).  

Additionally, for both conditions, this effect was reversible as mitochondria continued 

their movements like in the pre-treated state after histamine was washed out. 

    
Figure 51: Mitochondrial Motility in response to histamine 
A: Measurement of mitochondrial movements in HeLa cells transfected with the siRNA against Gaf1 
(n=7) or Negative Control siRNA (n=7). Overlay of 60 individual two time-lapse confocal images (Δt=10 s) 
of mitoDSRed fluorescence in a live cell before and after stimulation by 100 µM Histamine. 
B: In the average mitochondrial motility was decreased about 60 % compared to the resting state in 
control cells (blue bar), while it was just about 20 % decreased in Gaf1 downregulated cells  
 
In order to verify the reason for this significant difference in mitochondrial motility in 

response to histamine, two models were established, that may cause this dramatic 

effect of increased motility in the absence of Gaf1: 
 

 

1. The increased mitochondrial motility in Gaf1-silenced cells results 

in diminished Ca2+ entry (Figure 52). 
 

A B
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Figure 52: Scheme for Model 1 
A: Gaf1 (blue triangles) acting as a linking protein between microtubles (MT) and motor proteins (MP) of 
mitochondria. Under this condition Gaf1 arrest mitochondria via its motor proteins (MP) and Ca2+ may 
enter easily through a plasma membrane Ca2+-channel (yellow ton). 
B: In the absence of Gaf1 mitochondria are able to continue their movements and therefore the 
probability of Ca2+ to enter is lower. 
 

2. The diminished Ca2+ entry in Gaf1-silenced cells results in reduced 

mitochondrial deceleration (Figure 53). 
 

 
Figure 53: Scheme for Model 2 
A: Gaf1 acting as a linking protein between mitochondria and a plasma membrane Ca2+-channel. Under 
this condition Ca2+ may enter easily through the plasma membrane Ca2+-channel and the increased Ca2+-
level might be responsible to arrest mitochondria. 
B: In the absence of Gaf1 the probability for the Ca2+-entry is lower and therefore mitochondria are rather 
able to fulfill their movements. 
 
 
In order to exclude one of these models, it was considered to observe mitochondrial 

motility, while titrating calcium at various concentrations in the physiological range (0, 

300, 500, 1000 nM). According to Yi M. et al., The Journal of Cell Biology 167(4): 661-

A: Control 

B:A: Control 

B:
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672, 2004, cells were treated with ionomycin (Iono), a Ca2+ ionophore that allows both 

Ca2+ release from intracellular stores and Ca2+ entry from the extracellular bathing 

medium to elevate [Ca2+]c. When EGTA and Iono were added together to nonstimulated 

cells the [Ca2+]c was lowered to 0 and no change in mitochondrial movement activity 

was observed, suggesting that the motility was maximal at the resting level of under this 

condition. To adjust the desired calcium of any other concentrations in this buffer (5 mM 

EGTA, 138 mM NaCl, 1 mM MgCl2, 5 mM KCl, 10 mM Hepes, 10 mM D-glucose, 3 µM 

Ionomycin), which is equivalent to 0 nM Ca2+, different volumes of a 1 M CaCl2 solution 

were added according to the volumes, that were calculated by the winmaxc software. 

Subsequently after readjusting the pH to 7.4 the buffers containing 300 nM, 500 nM and 

1000 nM Ca2+ were obtained. These buffers ensured measurements of mitochondrial 

motility under conditions of clamped cytosolic Ca2+ with different concentrations. 

 

Regarding the proposed model 1:  

Under conditions of clamped cytosolic Ca2+ concentration, silencing of Gaf1 should still 

result in a reduced mitochondrial deceleration. 

Thus, Gaf1 should attenuate the apparent Ca2+ sensitivity of moving mitochondria. 

 

According to model 2:  

Under conditions of clamped cytosolic Ca2+ concentration, silencing of Gaf1 should not 

have any impact on mitochondrial deceleration. 

Thus, Gaf1 should not affect the apparent Ca2+ sensitivity of moving mitochondria. 

Figure: Relationship between [Ca2+]c and mitochondrial motility 
 

 

Figure 54: Relationship between [Ca2+]c  
     and mitochondrial motility 

Stepwise increases in [Ca2+]c induce stepped 
decreases in mitochondrial motility. MitoDSRed-
expressed HeLa cells transfected with siRNA 
against Gaf1 or Negative Control siRNA were 
incubated in free extracellular medium 
supplemented with 5 mM EGTA and 3 µM Iono 
for 3 minutes. Simultaneous measurements of 
mitochondrial motility were performed in single 
cells exposed to stepped increases of 
extracellular Ca

2+
 from 0 – 1000 nM. After 1 

minute incubation in the particular Ca
2+

-
concentration, mitochondrial motility was 
recorded in 3 minute mitochondria moving 
analyzes. The mean mitochondrial motility 
inhibition was plotted (n=6 cells for each 
Negative Control siRNA and Gaf1 siRNA). 
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As a result to the titration of Ca2+, there was no significant difference in mitochondrial 

motility between Control and Gaf1-silenced cells under conditions of clamped cytosolic 

Ca2+. According to that, it was concluded that the scheme for model 2, that was 

presented in Figure 53 rather confirm to the function of Gaf1 to be responsible for the 

reduced mitochondrial deceleration in response to histamine.  

Thus, this result indicated, that Gaf1 elevates the concentration of intracellular Ca2+. 

Accordingly Ca2+-measurements were performed to verify the impact of Gaf1 on Ca2+ 

recycling in cells. 

4.2.6 Impact of Gaf1 on Cytosolic Calcium 

Measurements of Cytosolic Calcium ([Ca2+]c) were performed after Fura2-AM loading as 

described. To verify any changes in [Ca2+]c, Ea.hy926 or HeLa cells were transfected 

with either the siRNA against Gaf1 for knockdown experiments or with the Gaf1 plasmid 

for overexpression studies. For both conditions the effect of 100 µM histamine was 

measured once in a Ca2+ environment using the CB (Figure 55A) and once in a Ca2+ 

free environment using the EB (Figure 55B,C). 

Additionally the Ca2+ influx was observed after the depletion of Ca2+ from intracellular 

stores upon histamine stimulation (Figure 55B,C). 

[Ca2+]c-measurements revealed, that Ea.hy926 cells transfected with Gaf1 siRNA, 

significantly reduced cytosolic calcium concentration in the presence of 2 mM Ca2+, 

when stimulated with 100 µM histamine, whereas in Gaf1-overexpressed cells it was 

elevated. 

Moreover it was shown, that under nominal Ca2+-free condition the intracellular Ca2+-

release upon histamine stimulation was not influenced, whereas [Ca2+]c was either 

reduced about 41 % in Gaf1 silenced HeLa cells or elevated about 45 % after readdition 

of 2 mM Ca2+, when Gaf1 was overexpressed (Figure 55D). 

According to the predicted interaction partner of Gaf1, γ-SNAP, the described 

experiments were also performed for measuring [Ca2+]c after the co-transfection of Gaf1 

and γ-SNAP, but no differences were observed. Cells that were overexpressed with 

these two proteins showed a similar increase in [Ca2+]c elevation as the overexpression 

of Gaf1 alone (graph not shown).  
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Figure 55: Effect of Gaf1 silencing and overexpression on [Ca2+]c 
A: Impact of Gaf1, overexpressed (n=16) or silenced (n=10) in Ea.hy926 cells versus control (n=18), in 
the presence of 2 mM Ca2+ upon 100 µM Histamine stimulation; B: Downregulation (n=37) versus Control 
(n=44) or C: Overexpression (n=48) versus Control (n=49) of Gaf1 in HeLa cells. Under a nominal Ca2+-
free condition no changes in [Ca

2+
]c were observed on intracellular Ca2+ depletion upon 100 µM 

histamine, but significant differences were obtained after the readdition of 2 mM Ca2+. D: Overexpression 
of Gaf1 revealed ~ 145 % of max. [Ca

2+
]c-Influx, whereas silencing of Gaf1 reduced it to ~ 59 % in 

comparison to their controls. 
 

4.2.7 Impact of Gaf1 on Mitochondrial Calcium 

In order, that close associations between subdomains of the plasma membrane and 

mitochondria seem to be important for the control of Ca2+-entry (1.5), mitochondrial 

calcium, [Ca2+]mito, was measured. Therefore the siRNA against Gaf1 or the 

overexpression plasmid of Gaf1 were either co-transfected with mtRP in Hela (Figure 

56B,C) or transfected into C8 cells, which are mtRP stable transfected Ea.hy926 cells 

(Figure 56A). Changes in [Ca2+]mito were monitored under the same conditions used for 

[Ca2+]c-measurements. 

A 
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Figure 56: Effect of Gaf1 silencing and overexpression on [Ca2+]mito 
A: In the presence of 2 mM Ca2+ C8 cells transfected with the siRNA against Gaf1 (n=66) showed a 
reduced elevation of [Ca

2+
]mito in response to 100 µM histamine compared to control (n=52) B,C: Under 

nominal Ca2+ free condition neither Gaf1 silencing nor Gaf1 overexpression had an impact on the 
intracellular Ca2+ release to mitochondria upon histamine in HeLa cells. B: While after readdition of 2 mM 
Ca2+ [Ca

2+
]mito was reduced in Gaf1 silenced cells (n=42) compared to Control (n=47); C: whereas it was 

increased, when Gaf1 was overexpressed (n=32) versus Control (n=67). D: Overexpression of Gaf1 
revealed ~ 143 % of max. [Ca2+]Mito-Influx, whereas silencing of Gaf1 reduced it to ~ 53 % in comparison 
to their controls. 
 

[Ca2+]mito-measurements revealed similar results to [Ca2+]c-measurements as the impact 

of Gaf1 was resulting in a change of the Ca2+-Influx, but not in Ca2+-release. 

Accordingly the maximal mitochondrial Ca2+-accumulation in response of Ca2+-influx 

was either decreased about 47 % in case of Gaf1 silencing or increased about 43 % in 

case of Gaf1 overexpression (Figure 56D). 

4.2.8 Impact of Gaf1 downregulation on ER Calcium 

A close association between subdomains of the ER and the mitochondrial surface 

appears to be necessary for the propagation of ER Ca2+ release to the mitochondria 

(1.6). 

DA 
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Figure 57: Effect of Gaf1 silencing on [Ca2+]ER 
A: No differences in [Ca2+]ER were observed in Ea.hy926 cells transfected with siRNA against Gaf1 
(n=10) or Negative Control siRNA (n=9) upon ER-Refilling in the absence of histamine. B: ER-Refilling in 
the presence of histamine resulted in a reduced ER-refilling in Gaf1 downregulated cells (n=15) versus 
Control (n=13). C: At a particular point of time ER was just about 65 % refilled in case of Gaf1 silenced 
cells, while it was nearly fully refilled about 91 % in Control. 
 

ER Ca2+ refilling requires trans-mitochondrial Ca2+ flux, whereas in the absence of the 

agonist, the ER refills independently of mitochondria (Malli R. et al., The Journal of 

Biological Chemistry 288(13): 12114-12122, 2005). Furthermore it was demonstrated 

that mitochondrial Ca2+ buffering is essential to maintain Ca2+ flux from the extracellular 

area and to ensure Ca2+ filling of the ER during cell stimulation (Malli R. et al., Cell 

Calcium 41: 63-76, 2007). 

Regarding the results, that knockdown of Gaf1 significantly reduced the mitochondrial 

uptake of entering Ca2+, the impact of Gaf1 on [Ca2+]ER was measured after co-

transfecting Ea.hy926 cells with the siRNA against Gaf1and D1ER. [Ca2+]ER was 

depleted in the absence of extracellular Ca2+ upon 100 µM histamine plus 15 µM BHQ. 

B 

A 
C
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Downregulation of Gaf1 had no effect on ER depletion concluding, that the transfer of 

Ca2+ from the ER towards the mitochondria was unaltered (Figure 57A,B). On the one 

hand ER was refilled in the absence of histamine (Figure 57A) and on the other hand in 

the presence of histamine (Figure 57B). Accordingly it was shown that exclusively the 

mitochondrial dependent ER Ca2+ refilling was about 26 % diminished in cells treated 

with siRNA against this Gaf1 (Figure 57C).  

 

4.2.9 Gaf1 as a putative interaction partner of ORAI1 

As a consequence of the obtained results it was suggested, that Gaf1 is an essential 

component of focal contact sites between a Ca2+ entry channel and mitochondria. To 

verify a possible interaction partner of Gaf1 on the plasma membrane site the recently 

identified Ca2+ entry channel ORAI1 (Zhang SL. et al., PNAS 103(24): 9357-9362, 

2006) was considered. Accordingly, colocalization studies between these two proteins 

were performed. Therefore, the Gaf1-citrine construct was co-transfected in Ea.hy926 

cells with an ORAI1-CFP plasmid obtained from the Institute of Biophysics, Linz. The 

overexpression patterns of these two C-terminal tagged GFP fused proteins were 

monitored using the ACLSM system. Accordingly Gaf1-citrine or ORAI1-CFP 

expression were visualized at λEm.= 535 nm after the excitation of λExc.= 488 nm 

exposed to the YFP for 3.8 seconds or λExc.= 457 nm exposed to the CFP for 9.8 

seconds (Figure 58A-C). 

The expression surface area of ORAI1 was shown to be a little bit larger compared to 

that of Gaf1. However, to resolve this difference, two colocalization studies had been 

performed; once to colocalize the expression pattern of ORAI1 in relation to that of Gaf1 

and once to colocalize the Gaf1 area in relation to that of ORAI1 (Figure 58D-F). 

These resulted in a 52.54 % coverage of pixels, when ORAI1 was colocalized with 

Gaf1, and in a 79.57 % coverage, when Gaf1 was colocalized with ORAI1. All 

colocalization studies were performed by Malli R. 
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Figure 58: Colocalization of Gaf1 and ORAI1 
A: Overexpression of Gaf1-citrine B: Overexpression of ORAI1 C: Merge 
D: Colocalization of ORAI1 with Gaf1 E: Colocalization of Gaf1 with ORAI1 F: Merge 
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5 Discussion 
The transmission of extracellular signals into the cell is induced by various agonists or 

antagonists that bind to specific transmembrane receptors and trigger a controlled 

signal transduction, that selectively regulates cell growth, cell division, migration or 

adhesion, as a prerequisit for the maintenance of cell viability or cellular response to 

stimuli. Accordingly, the intracellular signal transduction is accomplished by the 

formation of protein associations or multiprotein complexes that need to be controlled by 

so called scaffold proteins. Although the functional principles of scaffolds has been well 

characterized so far, there are just a few identified to date. Despite their importance to 

regulate or facilitate signaling events in cells is indisputable, their structures and the 

presence of functional domains are manifold. Nevertheless, they all have in common to 

bring single interactors (client proteins) together to establish the desired effect for the 

cell: (A) Scaffolds can regulate the combination of single interactors to force a directed 

protein-protein-interaction. (B) The allosteric activation of client proteins can result in an 

amplified effect upon their binding to a scaffold. (C) The local effect of a signal can be 

limited to a distinct cell compartment upon the interaction of a scaffold with a membrane 

adaptor protein. 

Accordingly, scaffold proteins serve as interaction platforms for protein-protein-

interactions and as anchors for the localization of large signaling protein complexes. 

 

In the present study, the identification of new putative Ca2+-dependent scaffold proteins 

or their clients was performed using two approaches, a proteomic and a bioinformatic 

approach. Several strategies have been applied for these, including: 

 

Proteomic approach:  1. Identification of putative plasma membrane scaffolds 

    2. Identification of putative membrane scaffolds 

    3. Identification of putative nuclear scaffolds 

 

Bioinformatic approach:  1. Selection of Gaf1 as a putative scaffold protein 

2. Overexpression of Gaf1 

    3. Overexpression of Gaf1 lacking C2 domain 

    4. Knockdown of Gaf1 expression by siRNA techniques 
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5.1 Proteomic approach 

In the proteomic approach Ea.hy926 cells were activated with the IP3-generating 

agonist histamine that may initiate the formation of Ca2+-dependent multiprotein 

complexes. The recruitment of proteins to form these signalplexes results in their 

translocation to distinct organelles. In our studies it was investigated to identify such 

translocated proteins (or protein complexes) to their cellular target regions. Therefore 

Ea.hy926 cells were stimulated with 100 µM histamine or remained unstimulated and 

protein extracts were subsequenly isolated from either plasma membrane, total 

membrane or nuclear fractions. The samples of treated or untreated protein extracts, 

derived from the respective cell compartment were labeled with two different 

fluorophores (CyDyes) and separated by 2D-gel electrophoresis. Accordingly it was 

investigated to detect proteins that significantly varied in their abundance within these 

cell compartments upon 100 µM histamine stimulation in comparison to untreated cells. 

5.1.1 Assets and drawbacks 

The Proteomic Approach consists of several procedures (Figure 14, 15). The major 

problems concerning the visualization of cell compartment protein extracts lie in the 

sample preparation, which has to be adapted and further optimized for the individual cell 

type used, in this case Ea.hy926 cells. Therefore an ideal protease inhibitor, an 

appropriate buffer for setting the stimulus as well as an adequate homogenization buffer 

were found to be best-known for these endothelial cells. Cell disruption had to be 

optimized in order to break up the cells without breaking open their nuclei to avoid any 

release of nucleic acids. This was experimentally observed to be optimal in 

homogenizing the cells by sonication (4.1.2.1). Furthermore the fractionation steps for 

the various compartments of Ea.hy926 cells were adjusted to their individual flotation 

properties. Plasma membrane fractions were verified by western blot analysis using an 

antibody for the PM specific marker protein Caveolin 1 (4.1.2.2). As the 

compartmentalized isolation procedures implicated the generation of very diluted protein 

contents as well as the presence of a number of disturbing compounds, several 

methods were investigated to concentrate the protein sample and to remove or 

inactivate the substances, that may interfere in the 2D-electrophoresis (4.1.2.3, 4.1.3, 

4.1.4). Moreover, to solubilize even high hydrophobic proteins, a modified Laemmli 

buffer was used, that consists of several detergents (4.1.2.4). 
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Procedure Assets / Troubleshooting Drawbacks 
Harvesting (un)stimulated cells  Protein complexes that may be formed upon histamine stimulation can be 

disassembled during this procedure, even at temperatures below 4°C. 
Homogenization Optimized for Ea.hy926 cells (4.1.2.1) Organelles may remain associated with cytoskeletal elements. 
High speed sedimentation Good amount of protein Isolation of whole and crude membrane fraction Fractio

-nation Sucrose gradient centrifug. Isolation of pure plasma membrane fraction 
Western Blot Analysis Caveolin1 Ab specifically detects PM fractions 

Less protein amount; high sucrose concentration, 
PM fractions are overlapping with membrane fractions 

Salts Removal upon Precipitation or dialysis Disturb in the SDS-PAGE 
Nucleic Acids Inactivation with RNase/DNase mixture Interferes in the IEF because of negatively charged DNA; Inactiv. → Smear 

Sucrose Removal upon dialysis Increase viscosity of protein sample, Clog the pores of polyacrylamide gel 
Polysacch. Removal upon Precipitation Interact with carrier ampholytes and proteins resulting in a loss of protein 

Preteolyt Enz. Inactivation with Protease Inhibitor Mix (Sigma) Loss of proteins 

Removal or in-
activation of inter-
fering compounds

Lipids Removal upon Precipitation Interact with membrane proteins and consume detergents; loss of protein 

Precipitation of proteins Removal of interfering compounds; 
Concentrating of protein extracts 

Loss of proteins; if protein pellet gets to dry, it remains unsoluble. 

Solubilization of proteins  Hydrophobic proteins are hardly soluble, even in the modified Laemmli buffer. 

Labeling of proteins 
Minimal Labeling does hardly dilute a protein 
sample and the Cy DIGE fluors have nearly no 
effect on a proteins´ isoelectric point or mass. 

The dyes are very cost-intensive 

Isoelectric Focusing IPG-strips are well designed for separation of 
proteins according to their isoelectric point. 

Highly hydrophobic proteins may precipitate on the IPG-strip. 
Time consuming procedure (2 days for Reswelling and IEF) 

SDS-PAGE Proper method for mass separation of proteins Time consuming (16 hours running time) 

Scanning The Typhoon 9400 scanner is well equipped 
for detecting Cy DIGE Fluors 

Scanner is producing heat that may result in gel shrinking. Therefore it is 
necessary to place the gel in a Hoefer Easy Breeze Drying Frame. 

DeCyder Differential Analysis 
(DIA) Software 

The DIA module algorithms allows co-detection 
of up to three individual images from one gel 
and precisely quantifies each protein spot. 

 

Spot Picking The Ettan Spot Picker works in picking exactly 
the highest protein amount of a spot. 

The gel piece picked by the Spot is very small compared to the whole protein 
spot. Manual picking is often necessary to increase the amount of protein. 

Tryptic in Gel digestion 
& Peptide Extraction 

Easy protocols and easy handling.  Not useful for highly hydrophobic proteins in order that these proteins are less 
soluble in the trypsin and/or peptide extraction buffers and possess less 
tryptic cleavage sites. 

Mass spectrometry 
The ProteoMass™ Peptide & Protein MALDI-
MS Calibration Kit (Sigma: MS-CAL1) is 
properly designed for MALDI-TOF analyses. 

Identification of a protein using the MALDI-TOF is limited to the quantity of 
applied peptide extract; that means that MALDI-TOF has less sensitivity than 
other mass spectrometer like e.g. nano LC-ESI-MS. 

General Aspects 
All proteins that vary in their abundunce upon 
one distinct stimulus can be identified in one 
experiment. 

Time- and cost-consuming procedures; high sources of error especially in the 
sample preparation procedures; low output of MALDI-TOF analysis especially 
for the identification of low abundant proteins. 

Table 21: Assets and drawbacks in the Proteomic Approach 
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In addition to these optimization procedures to prepare the protein sample, there are 

several advantages and disadvantages existing in the following methods including 

labeling, 2D-electrophoresis, tryptic in-gel digestion and protein identification. Assets 

and drawbacks of these as well as a troubleshooting for the removal or inactivation of 

interfering compounds are summarized in Table 21. 

5.1.2 Valosin containing protein 

After 2D gel electrophoresis of the nuclear protein extract the valosin containing protein 

(VCP) was found to be about 50 % decreased upon 100 µM histamine stimulation 

compared to unstimulated Ea.hy 926 cells. Additionally, in overexpression studies of the 

citrine tagged VCP, it was mainly visualized in the nucleus of this cell line, but did not 

clearly translocate during stimulation with histamine.  

However, as VCP is a member of the AAA superfamily (ATPases associated with 

diverse cellular activities) it contains an ATP-binding region. Accordingly, AAA proteins 

have been implicated in a widely diverse biological processes, including protein 

degradation, vesicle/membrane fusion, and cell cycle events, these diverse functions 

are mediated by different sets of adaptor proteins (for review see Ogura T. et al., Genes 

Cells 6: 575-597, 2001; Patel S. et al., Trends Cell Biol. 8: 67-71, 1998). Therefore VCP 

was shown to interact with at least 30 different cellular proteins and its localization was 

studied in several mammalian cell culture lines, where it was present in the cytoplasm 

and nucleus (Partridge JJ. et al., Mol. Biol. Cell 14: 4221-4229, 2003; Greenberg SA. et 

al., Muscle Nerve 36 :447–454, 2007). In order to that, an N-terminal domain in VCP 

was shown to be essential for nuclear binding, but this domain was not sufficient for 

proper nuclear localization indication that more than one domain is involved regulating 

VCP localization in the cytoplasm and nucleus. Accordingly it was shown that VCP 

interacts with the nuclear Werner syndrome helicase, WRNp, in an ATP dependent way 

(Indig FE. et al., J. Struct. Biol. 146: 251-259, 2004). In another study it was reported 

that VCP translocates from the nucleus to the cytoplasm after stimulation with epidermal 

growth factor and to participate to DNA repair by its ATP transport function (Zhang H. et 

al., DNA and Cell Biology 19.5: 253-263, 2000). In line with these findings, VCP 

translocation from the nucleus into the cytosol was found in EC in this study. It seems 

plausible that the histamine induced VCP translocation shifts the ATP transport function 

to that compartment, in which the highest demand of ATP upon histamine-induced Ca2+ 

elevation occurs. 
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5.1.3 Peroxiredoxin 1 

2D-electrophroresis of the membrane extract revealed a 31 % elevated abundance of 

Peroxiredoxin 1 (Prdx1) within the histamine treated sample in comparison to the 

untreated control. Furthermore, imaging the overexpressed Prdx1 fused to citrine 

showed that this protein is mainly localized in various subcellular organelles and few in 

the cytosol of Ea.hy926 cells. Interestingly, the membrane localization of Prdx1 seems 

to be limited to endothelial cells. In bovine aortic endothelial cells (BAEC) Prdx1 was co-

localized with the Golgi apparatus (Mowbray AL. et al., J. Biol. Chem. 283.3: 1622–

1627, 2008) and with mitochondria (Yang Y. et al., PNAS 102.1: 117-122, 2005). In 

contrast, in other cells Prdx1 was predominantly found in the cytosol and nucleus (Wen 

S.-T. et al., Genes and Development 11.19: 2456-2467, 1997; Andersen JS. et al., 

Nature 433.7021: 77-83, 2005). Notably, endothelial cells are physiologically exposed to 

the mechanical forces associated with the blood flow (shear stress) and a multitude of 

paracrines and hormones to which they exhibit multiple functions. Accordingly, they 

have the ability to react to a changing flow via mechanosensors that leads to a 

modulation of protein expression and cellular functions (for review see Chien S. Am. J. 

Physiol. Heart. Circ. Physiol. 292: H1209–H1224, 2007). It was reported that laminar 

shear stress induces ROS production and therefore many genes protective against 

oxidative stress are induced by its exposure (Chen XL. et al., J. Biol. Chem. 278.2: 703-

711, 2003; for review see Paravicini TM. et al., Cardiovascular Res. 71.2: 247-258, 

2006).  

Moreover, Mowbray and co-workers demonstrated that peroxiredoxins, were up-

regulated in BAECs upon laminar shear stress and in particular Prdx1 acts as a 

mechanosensitive antioxidant in response to shear stress induced ROS generation 

(Mowbray AL. et al., J. Biol. Chem. 283.3: 1622–1627, 2008). In regard to ROS 

production especially mitochondria are a major source of superoxide as a result of 

electron leakage from electron transfer chain (Patwari P. et al., Am. J. Path. 170.3: 805-

808, 2007). In order to that Prdx1 may act as a part of the extra antioxidant system and 

gets activated by the mitochondria-derived superoxide (mROS) production to protect 

them from ROS damage. However, in other studies it was reported that shear stress 

stimulates a rapid increase in intracellular calcium (Hutcheston IR. et al., Br. J. Pharm. 

122: 117-125, 1997). Thus, these observations offer the possibility of a direct activation 

of Prdx1 via Ca2+ that is independent from ROS generation. Furthermore shear stress 

has also been shown to activate the Ca2+-dependent c-Src, a highly phosphorylated 

protein that is localized to focal adhesions and acts as an adaptor protein that mediates 
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tyrosine phosphorylation of p130 Crk-associated substrate (Cas) (Okuda M. et al., J. 

Biol. Chem. 274.28: 26803-26809, 1999). Moreover it was reported, that ROS mediates 

an activation of c-Src tyrosine kinases serving as a scaffold for interaction of proteins 

(Schaefer G. et al., Diabetologia 46: 773-783, 2003; for rewiev see Otani H., Antioxid. 

Redox Signal. 6.2: 449-469, 2004). Thus, this let suggest that Prdx1 may get recruited 

by c-Scr in a Ca2+-dependent way or via c-Scr activation upon mROS production 

independently of Ca2+.  

In the contrary, an IP3-generating agonist like histamine induces Ca2+ mobilization and 

subsequent uptake by mitochondria, which is also correlated with an increase in mROS 

production (Hawkins BJ. et al., Mol. Cell Biol. 27.21: 7582-7593, 2007). As Prdx1 was 

increased in the membrane fraction upon histamine stimulation in our studies, it may get 

recruited by a scaffold protein from the cytosol to the mitochondria to protect them from 

mROS generation. Hence, we investigated in further studies whether or not a 

translocation of the citrine fused Prdx1 can be visualized in single cells. Since no 

translocation of Prdx1 was observed upon histamine stimulation, which indicates that 

Prdx1 does not get activated by Ca2+. But then these data suggest that Prdx1 seems 

more likely to get activated upon mROS production. In this case, the overexpression of 

Prdx1 that also mean a greater content in the mitochondria will yield sufficient protection 

of mitochondria from the histamine induced mROS generation and no additional Prdx1 

recruitment from the cytosol will be necessary to accomplish this function. Alternatively, 

it is also possible that the FP (citrine) inhibits an activation of Prdx1 towards the 

mitochondria. Although additional experiments are necessary, these data point to a 

recruitment of Prdx1 into the mitcohondria as a phenomenon to protect this organelle 

against radical damage. 

 

5.2 γ-SNAP associated factor 1 

The γ-SNAP associated factor 1 (Gaf1), also named Rab11FIP5, Rip11 or pp75, was 

chosen from the sequence and structure annotation of a bioinformatic approach. Gaf1 

was selected in order there were some evidence that it is a scaffold protein and 

therefore acts in a Ca2+-dependent manner:  

First, it possesses a C2-domain, which was found in many proteins that are involved in 

cell signaling (e.g. phosphoinositide-3 kinase) and membrane trafficking (rabphillin, 

synaptotagmin). They are approximately 130 amino acid motifs, which serve as protein-

phospholipid and protein-protein binding modules. Their phospholipid binding is mostly 
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Ca2+-dependent and results in the translocation of the protein to specific regions (for 

review see Lemmon M., Nature Rev. Mol. Cell Biol. 9: 99-111, 2008). Second, Gaf1 was 

found to be ubiquitously expressed in all mammalian tissues detected by Northern 

blotting (Wang D. et al., J. Clin. Invest. 104.9: 1265-1275, 1999) or Western blotting 

(Chen D. et al., J. Biol. Chem. 276.16: 13127-13135, 2001), which let suggest that this 

protein is of high importance for human cells. Accordingly, in our PCR experiments Gaf1 

was also detected in all cDNAs tested, which either derived from a number of different 

endothelial cell lines or form HeLa cells. Third, it was demonstrated that γ-SNAP/Gaf1 

complexes are able to transiently interact with γ-tubulin (Chen D. et al., J. Biol. Chem. 

276.16: 13127-13135, 2001), which is part of the microtubule organizing center 

(Schiebel E., Curr. Opin. Cell Biol. 12.1: 113-118, 2000). Finally fourth, Gaf1 was found 

to be localized to recycling endosomes as well as to the plasma membrane (Prekeris R. 

et al., Mol. Cell 6: 1437-1448, 2000). Moreover, there is evidence that Gaf1 is also able 

to associate with the outer mitochondrial membrane (Chen D. et al., J. Biol. Chem. 

276.16: 13127-13135, 2001), that indicates that Gaf1 serves as a high dynamic protein 

during cell signaling events. Accordingly, in our localization studies in Ea.hy926 and 

HeLa cells, the overexpression of Gaf1 fused to citrine at its C-terminal end reveals that 

it is mainly localized at sites of the plasma membrane, while the intracellular distribution 

is sparely punctate or tubular and just partially overlaps with mitochondria.  

However, based on a hypothesis described by Chen and co-workers, Gaf1 serves as 

the mitochondrial attachment site for the Gaf1/γ-SNAP complex and herein γ-SNAP 

might act as an adaptor connecting Gaf1 on mitochondria to the γ-tubulin-containing 

microtubles (Chen D. et al., J. Biol. Chem. 276.16: 13127-13135, 2001). In order that 

mitochondria use the microtubular network for their Ca2+-dependent movements, this 

work indicates, that Gaf1 is likely involved in mitochondrial motility by sensing the Ca2+ 

concentration and connecting mitochondria to the microtubles. For that purpose, we did 

some studies regarding mitochondrial movements using a validated siRNA against Gaf1 

in HeLa cells. In accordance to the hypothesis of Chen and co-workers, our data 

demonstrate that knockdown of Gaf1 results in an elevated mitochondrial motility during 

histamine stimulation in comparison to wild type cells. However, since we found Gaf1 

predominantly localized close to the plasma membrane, it was unclear how Gaf1 is able 

to effect mitochondrial motility. For that reason, we observed their movements in 

permeabilized cells under various Ca2+ concentrations. In contrast to our previous 

observation, downregulation of Gaf1 has no influence on mitochondrial motility under 

these conditions, suggesting that Gaf1 is not directly involved in the regulation of Ca2+-
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dependent mitochondrial movements at microtubular sites. Nevertheless, further 

investigations concerning Ca2+-measurements confirmed that Gaf1 acts in a Ca2+-

dependent way. Silencing of Gaf1 results in a decreased intracellular Ca2+-elevation, 

whereas its overexpression increases [Ca2+]cyto, indicating that the effect of Gaf1 

downregulation on mitochondrial motility is indirectly caused by a lowered intracellular 

Ca2+ concentration. Interestingly, neither silencing nor overexpression of Gaf1 results in 

a changed cytosolic Ca2+-release from intracellular stores during histamine stimulation 

in a nominal Ca2+-free environment. In contrast readdition of Ca2+ leads to an 

attenuated Ca2+-influx in case of Gaf1 silencing or an increased Ca2+-influx in case of 

Gaf1 overexpression. Accordingly, mitochondrial Ca2+-measurements goes in line with 

the results observed in [Ca2+]cyto and effects a changed mitochondrial Ca2+-influx 

depending on the expression of Gaf1. Moreover, we demonstrated in [Ca2+]ER -

measurements that downregulation of Gaf1 does not influence the Ca2+-release from 

the ER as expected and does not effect Ca2+-refilling in the absence of histamine. In 

contrast, in the presence of histamine ER cannot completely refill in Gaf1 silenced cells, 

which goes in line with our previous data that exclusively the mitochondrial dependent 

ER Ca2+ refilling gets diminished as mitochondrial Ca2+-influx is also decreased upon 

downregulation of Gaf1. 

Concerning Ca2+-entry it has been reported, that there are several different Ca2+-influx 

channels existing in non excitable cells (for rewievs see Quintana A. et al., Pflugers 

Arch. – Eur. J. Physiol. 450: 1-12, 2005; Grafton G. et al., Immunology 104: 119-126, 

2001). Bases on this knowledge our data indicate that Gaf1 plays a crucial role in 

maintaining the direct Ca2+-entry from a selective plasma membrane Ca2+-channel 

through the mitochondrial Ca2+ uniporter into the mitochondrial matrix and therefore it 

may serve as a linker protein connecting mitochondria to the plasma membrane. 

Due to this hypothesis Gaf1 is colocalizing with ORAI1, a selective plasma membrane 

Ca2+-channel, which was thoroughly shown to interact with STIM1 (stromal interaction 

molecule 1), that is localized at the ER site, maintaining a store-operated Ca2+-entry into 

the ER (Muik M. et al., J. Biol. Chem. 283.12: 8014-8022, 2008; for review see Smyth 

JT. et al. Biochim. Biophys. Acta 1763.11: 1147-1160, 2006). 

Based on our Ca2+-measurements it is shown that Gaf1 may link mitochondria to a 

selective plasma membrane Ca2+-channel maintaining a direct Ca2+-influx into 

mitochondria. 

Additionally, we could not confirm the studies of Lindsay AJ. and co-workers, that Gaf1 

lacking in its C2 domain is not able to localize at the plasma membrane as 
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overexpressing Gaf1 lacking in its C2 domain fused to citrine at its C-terminal end 

shows a similar expression pattern as full length Gaf1. This discrepancy may possibly 

appear in order that they used an N-terminal GFP-tag that might due to protein 

missfolding. 

Due to our colocalization studies, it is likely that also Gaf1 may interact with ORAI1 

and/or other plasma membrane ion channels. In such a model, Gaf1 would serve as the 

plasma membrane attachment site for mitochondria and/or to the γ-tubulin-containing 

microtuble. Future studies are aimed to test this hypothesis, further. 
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