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Lidský amilorid-senzitivní epiteliální sodíkový kanál (hENaC) je typem 

iontového kanálu, který má schopnost kontrolovat solnou a vodní homeostázu. Z toho 

důvodu je hlavní hybnou silou pro reabsorpci vody v alveolárním epitelu. Dysfunkce 

tohoto kanálu, respektive tohoto mechanismu, vede k velmi vážné chorobě – plicnímu 

edému. 

V předchozích studiích byla testována droga AP301 (nedávno pojmenovaná 

solnatid). AP301 je cyklický protein zahrnující sekvenci lektinu podobné domény 

lidského tumor nekrotizujícího faktoru. Tato droga byla nedávno vyvinuta jako 

potenciální lék proti plicnímu edému. Principem je aktivace lidského epiteliálního 

sodíkového kanálu pomocí zvýšení pravděpodobnosti jeho otevření. Také bylo dokázáno, 

že AP301 přechodně zvyšuje expresi tohoto kanálu v buňkách savců.  

V této studii jsme použili metodu Western blot k testování vlivu tumor 

nekrotizujícího faktoru α (TNF-α) na expresi podjednotek kanálu hENaC a tyto výsledky 

jsme porovnali s výsledky ze studie o AP301. 

Zjistili jsme, že TNF-α přechodně signifikantně zvyšuje expresi δ podjednotky 

a má potenciál zvýšit expresi α podjednotky. Na druhou stranu exprese podjednotek 

β- a γ-hENaC nebyla signifikantně zvýšena. 

Tyto výsledky jsou analogické k těm, které byly zjištěny ve studii s AP301. 
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The human amiloride-sensitive epithelial sodium channel (hENaC) is a type of ion 

channel which has the ability to control salt and water homeostasis. Therefore it is one 

of the main driving forces for the reabsorption of water through the alveolar epithelium. 

A dysfunction of this channel, respectively of this control mechanism, leads to a very 

severe disease – pulmonary edema and several other pathological conditions. 

Previous studies tested a drug called AP301, recently named solnatide. AP301 is 

a cyclic protein comprising the human tumour necrosis factor lectin-like domain 

sequence. This drug was recently developed as a potential treatment of pulmonary edema. 

The principle is that it activates hENaC by increasing the open probability. It was also 

shown that AP301 transiently increases the expression of hENaC subunits in mammalian 

cells. 

In this study we used the Western blot method to test the influence of tumour 

necrosis factor α (TNF-α) on hENaC subunits expression and we compared these results 

with the results from the studies with AP301. 

We found that TNF-α transiently significantly increased the expression 

of δ subunit and it had a potential to increase the expression of α subunit. On the other 

hand, the expression of β- and γ-hENaC was not significantly increased. 

Taken together, these results are analogical to those which were found 

in the studies with AP301.  
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1. Introduction 

1.1. Human lungs 

Human lungs are one of the most important organs in the human body. Their 

primary role is to promote exchange of the breathing gases between the airspace 

and the blood. This substitution happens through alveolar – capillary barrier. The basic 

entity of the lungs is a thin-walled air sac called alveolus. It is composed mainly of two 

types of cells – type I (ATI) and type II (ATII) between which are tight junctions. Alveoli 

are surrounded by a network of capillaries which brings blood into a close 

proximity with the air inside alveolus. Then carbon dioxide and oxygen are able to move 

across the membrane by diffusion (Eaton et al. 2010; Folkesson & Matthay 2006; 

Rhoades & Bell 2012). 

Another, but not less important purpose of alveoli is to control the alveolar fluid 

clearance (AFC). As it was reviewed, the general paradigm says that the net alveolar fluid 

clearance is driven by an active Na+ and Cl- transport (Matthay et al. 1996). The ion 

transporters, which cause this process, are placed asymmetrically on cell surfaces 

of the alveolar cells. It is known that ATII cells have the crucial mean for the AFC because 

they are responsible for the vectorial Na+ and Cl- transport (Figure 1) and also 

for the surfactant secretion (Folkesson & Matthay 2006). 

However several mechanisms exist for epithelial fluid transport in the human lung, 

which are essential for the correct control of the homeostasis. Based on the mechanism, 

the three groups of channels can be distinguished. The first one is mediated 

by the amiloride-sensitive sodium channel. We know a few types of these channels which 

occur in the apical membrane of ATII, nevertheless the most pivotal for the lung liquid 

balance is the epithelial sodium channel (ENaC). In the second group, where are only 

mechanisms insensitive to amiloride, are the cyclic nucleotide-gated cation channel 

(CNG) and Na+/H+ exchange. In the third place there is Na+/K+-ATPase which is pumping 

Na+ out of the cell and K+ into the cell against their appropriate concentration. And the last 

important mechanism is the transport of the water through aquaporins (reviewed 

in Matthay et al. 2002). 
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Figure 1: AFC is driven by transepithelial Na+ transport. Na+ ions passively enter the cell through a sodium 

channel (apical membrane) in alveolar cells, following an electrochemical gradient. Then Na+ ions are 

actively pumped by Na+/K+-ATPase (basolaterally localized) out of the cell, and are exchanged for K+ ions 

which then move again out of the cell via potassium channel (basolateral membrane). All these mechanisms 

together cause a net movement of sodium ions from the apical side of the alveolar epithelium to its 

basolateral side. Thus osmotic forces are created and water has to move through the epithelium, tight 

junctions or via aquaporins out from the airspaces (Althaus et al. 2011).  
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1.2. Pulmonary edema 

 A collapse of these mechanisms can be one of the ways which lead to a very severe 

disease – pulmonary edema (Matthay et al. 2002). 

A pulmonary edema is a condition when excess fluid accumulates in alveoli 

and the lung interstitial spaces (Figures 2a, 2b). The fluid exchange in pulmonary 

capillaries depends on four forces: hydrostatic and colloid osmotic pressures which work 

against each other and another pair with opposite roles – surface tension and alveolar 

pressure. The pulmonary hydrostatic pressure is usually lower than the colloid osmotic 

pressure what causes the net absorption of fluid. On the other hand, the alveolar surface 

tension works against that, and results in a small continuous flux of fluid 

out of the capillaries and into the interstitial space. 

 

 

Figure 2a: Normal physiological conditions (Althaus et al. 2011). 

Figure 2b: Many and various factors exist which may inhibit the sodium channel, and they are associated 

with pulmonary edema. Because of the decrease of the channel activity, the water reabsorption also 

decreases and it accumulates in the airspaces. Another reason can be an increase of fluid filtration 

into the airspaces – usually caused by an impairment of the epithelial barrier (Althaus et al. 2011). 

 

a b 
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This disease can be divided into two categories: cardiogenic pulmonary edema 

and noncardiogenic pulmonary edema. 

The causes of cardiogenic pulmonary edema can be the increase in capillary 

hydrostatic pressure, which is the most frequent impulse because it is usually 

a consequence of an abnormally high pulmonary venous pressure, or increase in alveolar 

surface tension, or capillary permeability or by decrease in plasma colloidal osmotic 

pressure. 

One of the ways of possible medication is to use diuretic drugs which have 

the ability to decrease the blood volume. Or administering digitalis to increase the left 

ventricular function and a drug which dilates systemic blood vessels 

(Rhoades & Bell 2012). 

The noncardiogenic pulmonary edema is caused by increased permeability 

of the alveolar-capillary membrane. The fluid together with proteins flood the interstitial 

spaces and alveoli. Due to the protein leakage this type is more severe because an extra 

amount of water is absorbed from the capillaries to the alveoli. This type occurs together 

with pulmonary vascular injury (from inflammatory reaction, oxidative damage, 

neurogenic shock). Another cause of pulmonary edema may be a high surface tension 

which is a consequence of a loss of surfactant. And also a decrease in plasma colloidal 

osmotic pressure can occur when the concentration of plasma protein is reduced. This 

disease decreases arterial oxygen pressure and increases arterial carbon dioxide pressure – 

that produce hypoxemia and hypercapnia. It also obstructs airflow and increases airway 

resistance because of flooding small airways. This data suggests that pulmonary edema 

decreases lung compliance and therefore the work of breathing is increased. 

 

1.3.ENaC 

The epithelial sodium channel (ENaC) or amiloride-sensitive channel is a type 

of an ion channel that occurs in the apical sides of many kinds of polarised epithelia (lung, 

renal collecting duct, urinary bladder, distal colon, sweat and salivary glands, taste buds) 

and regulates Na+ absorption in them (Garty & Palmer 1997). 

There are two main Na+ transporting systems for transferring those ions. Na+ ions 

follow the electrochemical gradient and enter the cell through the already mentioned 
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ENaC and on the other hand they are pushed out of the cells through the activity 

of Na+/K+-ATPase which is settled in the basolateral side of the cells. All these facts show 

that the Na+ transport creates the osmotic pressure which is responsible for the water 

movement (from the apical to the basolateral side of cells). However, this is not the only 

way that water overcomes the epithelium – it also uses the tight junctions between 

the cells and transcellular water channels – aquaporines (Dobbs et al. 2010). As it was 

written in the Althaus et al. 2011 review, all these facts suggest that ENaC in the lung 

epithelium plays a key role in the fluid content regulation and therefore also in the alveolar 

fluid clearance driving. 

The channel itself is composed of four homologous subunits called α, β, γ and δ 

(Figure 3) (Canessa et al. 1994a; Lingueglia et al. 1993; Waldmann et al. 1995). Each 

of these subunits are basically a polypeptide chain which comprises two transmembrane 

domains, two short intracellularly located termini (amino terminus and carboxyl 

terminus) attached to the domains and a large extracellular loop. Each of these 

polypeptide chains contains a different number of N-linked glycosylation sites, depending 

on the type of the subunit. α-ENaC has two intracellular sites and five on the extracellular 

loop, β-ENaC has nine extracellularly, γ-ENaC has three and δ-ENaC has three 

extracellularly (Althaus et al. 2011; Canessa et al. 1994b; Snyder et al. 1994; UniProt). 

These sites also influence posttranslational modification since the subunits α, β, γ undergo 

N-glycosylation on their extracellular loops. Another posttranslational modification, 

important only for α and γ subunits, is proteolytic cleavage. The proteolytic cleavage is 

believed to be able to increase the open probability (Po) of ENaC (Adams et al. 1997; 

Butterworth et al. 2010; Hughey et al. 2003; Kleyman et al. 2009; Snyder et al. 1994). 

The magnitude of whole-cell ion current depends on the number of channels 

expressed in the plasma membrane, single channel current amplitude and open probability 

of functional channels. Thus, in principle the mode of action of ENaC activation is based 

on increased trafficking and expression in the plasma membrane and/or single channel 

kinetics with enhanced open probability. The latter can be caused by compounds 

such as S3969 (Lu et al. 2008), by shear force (Fronius et al. 2010) or cross-linking 

(Collier et al. 2014). 

It was shown that even though the combinations of subunits such as α-γ and α-α 

are able to conduct moderate current, the functional channel has to contain α or δ 
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or α and δ subunit together with β and γ (Canessa et al. 1994b). In addition, it was proved 

that around 40% of amiloride-sensitive sodium transport in human primary nasal cells is 

caused by the last revealed subunit – δ (Bangel-Ruland et al. 2010). This study, as well 

as the Ji et al. 2012 review, manifests that δ-ENaC is also an essential pathway of Na+ 

reabsorption in lung and kidney. 

 

 

Figure 3: The composition of the epithelial sodium channel as it was described by Gormley et al. 2003. 

In other experiments it was discovered that δ subunit may replace α subunit. Simultaneously δ subunit 

undertakes similar functions as α subunit (Waldmann et al. 1995). 

 

1.4. TNF-α 

TNF-α, together with TNF-β, CD27 ligands, CD30 and CD40, is a member 

of a cytokine family. It is expressed in low levels by most of the tissues in a normal 

physiological condition; however, in the state of an infection or an injury, this expression 

is increased (Creighton 1999). The major producer of TNF-α in the human blood is 

the minor population of monocytes – CD14+CD16+ (Belge et al. 2002). A cell needs 

a TNF-α receptor to be able to respond to TNF-α cytokine. Two  types of them are known, 
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and both of them form a trimeric structure (as well as TNF-α does) – p55 (TNFR1) 

and p75 (TNFR2) which bind TNF-α with an equal affinity but they induce different 

signal pathways (Figure 4) (Creighton 1999; Kishore et al. 2011; Locksley et al. 2001; 

Rothe et al. 1995).  

 

 

Figure 4: Different signalling pathways mediated through TNFR1 and TNFR2 (Haider & Knöfler 2010). 

 

A consequence of binding to TNFR1 is a kinases activation which leads 

to phosphorylation of the transcription factor NF-κB (prevents apoptosis), jun N-terminal 

(JUN) kinase and mitogen activated protein (MAP) kinase and also a liberation 

of ceramide from sphingomyelin. Moreover, ceramide is a second messenger 

with an ability to activate NF-κB. The signalling pathway of TNFR2 is not so well known 

but it is believed that it is also linked to NF-κB activation (Haider & Knöfler 2010). It was 

also found that TNFR1 is probably the predominant mediator of TNF-α signalling 

because it occurs in most tissues (Grell et al. 1995). Review by Li et al. 2013 concluded, 

that the activation of TNF-α receptor superfamily can lead not only to NF-κB activation 



14 

but also to apoptosis and programmed necrosis. Nevertheless, as it was mentioned, TNF-α 

also has a role in physiological conditions. As a result it may be said that TNF-α has 

diverse biological effects which are represented in Figure 5. Those are the reasons why 

TNF-α is called a pleiotropic factor (Creighton 1999). 

 

 

Figure 5: Biological and adverse effects of TNF-α (Haider & Knöfler 2010) 

 

 In this work I have focused on the role of TNF-α in pulmonary edema. It was 

discovered that TNF-α also has a dichotomal role in this disease. The relation between 

the cytokine and pulmonary edema starts with the fact that TNF-α induces barrier 

dysfunction and endothelial cell activation (Ward 1996). These two processes are 

involved in acute lung injury. Moreover TNF-α has three ways of promoting pulmonary 

edema. The first one is through reactive oxygen intermediates induction. Another is 

caused by rearrangement of microtubules and because of transendothelial electrical 

resistance decrease across human pulmonary artery endothelial cells, and the last 

way is through TNFR-dependent up-regulation of chemokine production and also 

adhesion molecule expression (Faggioni et al. 1994; Hocking et al. 1991; Koh et al. 1996; 

Lo et al. 1992; Petrache et al. 2003; Wright et al. 2004; Yi & Ulich 1992). 
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 In previous studies it was discovered that TNF-α downregulates ENaC activity 

and decreases the expression of α, β and γ ENaC subunits mRNA in alveolar epithelial 

cells. That can lead to an opinion that TNF-α inhibits edema reabsorption 

(Dagenais et al. 2004). On the other hand, other studies showed that cytokine has 

the ability to increase alveolar fluid clearance (AFC) in rodent inflammation models 

and a blockade of it causes an increase of the amount of edema formation 

in the pulmonary beds (Börjesson et al. 2000; Fukuda et al. 2001; Guice et al. 1991; 

Rezaiguia et al. 1997). 

 The molecule of TNF-α also contains, except for the receptor binding 

site, a lectin-like domain located at the other tip of the molecule (Figure 6) 

(Braun et al. 2005; Sherblom et al. 1988). This domain is responsible, among other things, 

for activating amiloride-sensitive sodium transport (Hribar et al. 1999). Taken together it 

means that the activity of lectin-like domain is hidden by the effect of TNFRs binding 

sites (Yang et al. 2010). 

 

 

Figure 6: Dichotomal role of TNF-α molecule. Whereas receptor binding sites inhibit ALC and induce 

edema formation, the lectin-like domains stimulate ALC (Lucas et al. 2013). 
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1.5. AP301 

AP301, so called TIP peptide or TNF-α lectin-like domain derived peptide, 

is a synthetic cyclic peptide composed of 17 natural amino acids (Figure 7) 

(Lucas et al. 1994). 

 

 

Figure 7: Cyclic structure of amino acids which AP301 is composed of (Hazemi et al. 2010). 

 

 It was shown that this molecule activates the Na+ current through ENaC in dog, 

pig and rat freshly isolated ATII cells (Tzotzos et al. 2013) and it is also able to improve 

the lung function during acute lung injury in a pig model (Hartmann et al. 2013). It was 

also shown that AP301 activated ENaC in A549 cells (Hazemi et al. 2010) and ENaC 

expressed in HEK-293 cells (Shabbir et al. 2013).  
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2. Aim of this thesis 

The aim of this thesis is to expand the knowledge about TNF-α and its influence 

on ENaC subunits expression, which has an impact on the severe disease called 

pulmonary edema. The work follows previous studies which have been done 

in the Department of Pharmacology and Toxicology at the University of Vienna, Austria. 

These following objectives are determined in this thesis: 

 

 Time dependent effect of TNF-α on expression of ENaC subunits 

 

 Comparison the results obtained with TNF-α with the effect caused by TNF-α 

lectin-like domain derived peptide AP301 
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3. Materials and methods 

3.1. Cell Culture and Transfection 

 Human embryonic kidney HEK-293 cells in passages 9 – 25 were used in this 

study. This cell line was seeded into Dubecco’s Modified Eagle Medium/F12 nutrient 

mixture Ham plus L-Glutamine (Gibco™ by Life Technologies, LifeTech Austria) 

supplemented with 1% penicillin and 10% foetal bovine serum (FBS). Before each 

splitting the old medium was removed, cells were washed with phosphate-buffered saline 

(PBS) and they were trypsinised (trypsin/EDTA solution) and homogenised with a new 

amount of the medium. The cell culture with the medium was kept in a humidified 

incubator (37°C, 5% CO2) until another splitting was necessary. 

For the experiments the cells were placed in 10 mm2 plates which were incubated 

until the confluence reached 70%. Then the cells were transfected with specific 

combinations of the ENaC wildtype subunits. For this purpose X-tremeGene HP DNA 

transfection reagent (Roche Diagnostics, Mannheim, Germany) was used. At first 

a solution of different DNA combinations (the exact volumes depend on particular DNA 

concentrations) and X-tremeGene HP DNA transfection reagent (8 μl per one plate) 

in a serum free medium – DMEM/F12 (175 μl per one plate) was prepared. 

The incubation period till the transfection complex was ready to use took 20 minutes. 

The medium from the plates was aspirated and the cells were washed with PBS which 

was also aspirated after washing. Subsequently the transfection complex was pipetted to 

the dishes and 10 ml of DMEM/F12 with FBS and penicillin was added (Roche 2014). 

The transfected cells were put back to the humidified incubator until they were 

fully confluent in a monolayer which signalled a time for harvesting. The old medium 

was substituted for a solution of a DMEM/F12 without FBS (control) or a DMEM/F12 

without FBS and with TNF-α (Sigma-Aldrich) – solution at the concentration 20 nM. 

The cell treatment took 5, 10, 30 and 60 minutes. After these periods the medium 

(with or without TNF-α) was removed and the monolayer was washed twice with PBS. 

After washing the stuck cells were scrapped and resuspended in an extraction buffer 

(150 mM sodium acetate, 0.9% NaCl, 0.1% Triton X-100 pH 5.5). An ultrasonication 

3×10 seconds and a 30 minutes-long incubation in ice followed. After the 30 minutes all 

the samples were centrifuged for 10 minutes (4°C) at 13 000 rpm. The total concentration 

of a pure protein was determined by Bradford assay. 
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Recipes: 

 

1× PBS: Phosphate-buffered saline; pH = 7.4 

NaCl     8.00 g 

KCl      0.20 g 

Na2HPO4    1.44 g 

KH2PO4    0.24 g 

CaCl2 · 2H2O    0.13 g 

MgCl2 · 6H2O    0.10 g 

HCl     to pH to 7.4 

ddH2O     ∑ 1 l 

Medium 

Dubecco’s Modified Eagle Medium/F12 nutrient mixture Ham plus L-Glutamine 

(Gibco™ by Life Technologies, LifeTech Austria) 450 ml 

FBS 50 ml 

Penicillin 5 ml 

Extraction buffer 

Lysis buffer (see Western blot analysis) 500 μl 

PMSF 10 μl/ml 

Complete (protease inhibitor cocktail tablets, Roche) 25 μl/ml 

 

3.2. Bradford assay 

 Bradford assay is a method of determining a protein concentration in a solution. 

The principle is that Coomasie brilliant blue binds to the protein and it converts from 

a protonated red cationic form (Amax = 470 nm) to a stable unprotonated blue 

form (Amax = 595 nm). This protein-dye form was detected in a spectrophotometer 

in 595 nm (Bradford 1976; Compton & Jones 1985; Fazekas De St. Groth et al. 1963; 

Sedmak & Grossberg 1977). 

For the protein standards (diluted in different concentrations) Bovine Serum 

Albumin (BSA) was chosen, purchased from Sigma-Aldrich. 

It was done according to the protocol for the 250 μl microplate assay. The tested 

proteins were diluted 3 times and 5 times. Each of them was pipetted in the amount of 5 μl 

Table 1: List of recipes (part 1) 
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to three wells in the plate as well as the BSA standards and 250 μl of the Quick Start™ 

Bradford 1x Dye Reagent (Bio-Rad) was added. Then all of the samples were mixed 

with the pipette tip and whole plate was incubated at room temperature for 5 minutes. 

After the incubation the absorbances (λ = 595 nm) in a spectrophotometer were measured. 

The final protein concentrations were calculated using a calibration line (Bio-Rad 2014).  

 

3.3. DNA transformation and extraction 

 It was essential to have sufficient amounts of the DNAs of ENaC subunits 

for the transfection. Subcloning Efficiency™ DH5α™ Competent Cells (Invitrogen) were 

used for the DNA transformation, which are basically competent Escherichia coli cells 

recommended for a routine subcloning into vectors. It was done in accordance 

with the official manual. At first DH5α cells were taken out of −80°C where they had 

to be stored and they were thawed on ice. 50 μl of them were transferred into a 1.5 ml 

microcentrifuge tube and 1 – 5 μl (dependent on the certain concentration) of DNA were 

added and all was mixed gently. A 30 minutes long incubation and afterwards a heat 

shock for 20 seconds in a 42°C water bath followed. The tubes were placed back on the ice 

and 950 μl of a prewarmed medium was added. The next step was a 1 hour-long 

incubation at 37°C at 250 rpm. Then 200 μl from each transformation was spread 

on prewarmed selective plates. These plates were stored for 16 – 18 hours at 37°C 

(Invitrogen 2006). 

 After this period, single colonies, which had grown up on the plates, were picked 

with a pipette tip and they were placed into glass tubes (filled with Luria-Bertani (LB) 

medium with a specific antibiotics). All these glass tubes with the picked colonies were 

incubated for 16 – 18 hours at 37°C and 250 rpm. 

The DNA transformation was not always necessary because sufficient abundance 

of E. coli with the required DNA was stored in a glycerol stock. It means that only 

a cultivation from a glycerol stock was essential which is an almost identical procedure 

as it is written in the previous paragraph. The only difference is that a small quantity 

of a suspension from the glycerol stock is used instead of a single colony from the plates. 

After the 16 – 18 hours-long incubation (37°C, 250 rpm) of the glass tubes 

the solution inside of them should be “cloudy”. That means the E. coli with the inserted 
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DNA was sufficiently reproduced. It was also a signal to begin with a DNA extraction. 

The process of DNA extraction enables a preparation of a high quality plasmid DNA 

from recombinant E. coli cultures. Thermo Scientific GeneJET Plasmid Miniprep Kit 

(Thermo Scientific) was used for this kind of the DNA extraction. The principle 

of the extraction was that the bacterial cells were resuspended and subjected 

to SDS/alkaline lysis and it liberated plasmid DNA. The lysate was neutralised 

for appropriate binding of plasmid DNA on a silica membrane in a spin column. After 

a centrifugation a supernatant containing the plasmid DNA was cleaned from cell debris 

and SDS precipitate. Then the DNA was washed to remove the contaminants and it was 

eluted with a small volume of the Elution buffer. Concretely, 250 μl of the Resuspension 

Solution (with added RNase A) was used and the bacteria were resuspended by pipetting 

and the suspension was transferred to a microcentrifuge tube. For a second step 250 μl 

of the Lysis Solution was added and all was mixed by inverting the tube. Addition 

of 350 μl of the Neutralization solution and another inverting followed. Afterwards 

the tube was centrifuged for 5 minutes and the supernatant was transferred to a GeneJET 

spin column from the kit. It was again centrifuged for 1 minute and the flow-through was 

discarded, the membrane was washed twice with 500 μl of the Wash Solution 

and the flow-through was also discarded in both cases. Another 1 minute 

of a centrifugation was needed to remove residual Wash Solution. The GeneJET spin 

column (with the plasmid DNA inside on the membrane) was transferred to a new 

microcentrifuge tube and 50 μl of the Elution Buffer was added to elute the plasmid DNA. 

A 2 minutes-long incubation at room temperature followed and then the concentration 

of the plasmid DNA could be measured. That was accomplished on a NanoDrop 1000 

spectophotometer (Thermo Scientific) connected to a PC with NanoDrop programme 

(Thermo Scientific). The concentrations were measured by three-fold determinations. 

Recipes: 

 

LB medium 

Dry LB   20 g (contains Tryptone, NaCl, Yeast extract) 

ddH2O  ∑ 1 l 

 

Table 2: List of recipes (part 2) 
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3.4. Western blot analysis 

 Western blot is one of the most important separation methods for protein analysis. 

In this study SDS – Polyacrylamide gel electrophoresis (SDS-PAGE) was used. The basis 

of the method is a separation of proteins in a gel due to an electrophoresis.  

 Sodium dodecyl sulphate (SDS) is a detergent which has the ability to denature 

and separate proteins according to their molecular weight. It breaks all native 

non-covalent intermolecular and intramolecular interactions and also gives a net negative 

charge to the proteins (Figure 8). That allows them to migrate through the gel in a relation 

to their charge (Creighton 1999; Hegyi 2013; Magdeldin 2012). 

 

 

Figure 8: Effect of SDS on the conformation and charge of a protein (Bio-Rad 2015a). 

 

 Gel electrophoresis methods can be classified into two types – continuous 

and discontinuous. For these experiments the discontinuous method was used. In contrast 

to the continuous method, for discontinuous two types of gels and a running buffer are 

essential. The difference between the two gels is the size of their pores which is 

determined by the acrylamide concentration. The size of pores had to be set according 

to the molecular mass range of the proteins. The gel with a higher concentration 

of acrylamide (it has a smaller size of pores) is called running or also resolving gel, 

and the other gel, created from more diluted acrylamide, which is on the top of the running 

gel, is called stacking gel. Both types of gels (stacking and running) were made almost 

from the same chemicals but the volumes are different (see recipes below). Only 

the running gel provides the molecular sieving effect. To create the gel slabs both of them 
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were poured between two parallel glass sheets. The buffer, which was used 

for the discontinuous method and the chambers containing the electrodes are filled with, 

is called running buffer. The samples with a sample buffer (main components were SDS 

and bromophenol blue) were layered side by side to wells which were made on the top 

of the stacking gel. Due to the generated electric field the protein ions entered the stacking 

gel and afterwards the running gel in a sharp band. The proteins were separated 

in the running gel according to their charge, size and shape (Figure 9). In this case, 

the larger the molecule the shorter the way which it travelled in the running gel 

(Hegyi 2013). 

 

 

Figure 9: Separation of proteins in a polyacrylamide gel (Hegyi 2013). 

 

When the proteins were spread in the running gel it was a time to transfer them 

on to a membrane – in this case made of polyvinylidene difluoride (UltraCruz™ PVDF 

membrane 0.45 μm, Santa Cruz Biotechnology). The membrane should be covered 

with the gel and it was made into a “sandwich” using two filter papers as it is in Figure 10. 

This setup was placed to Trans-Blot® Turbo™ Transfer System (Bio-Rad) – a machine 

performing perpendicular electrophoresis (25 V, 30 minutes, semi-dry blotting). 

Due to the blotting the proteins were transferred to the PVDF membrane in their spatial 

arrangement (Hegyi 2013; Magdeldin 2012). 
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Figure 10: Gel and membrane setup for electrophoretic transfer (Bio-Rad 2015b). 

 

 Subsequently the membrane was blocked with a blocking solution to occupy all 

available spots on the membrane. This quenching minimised the irrelevant background 

and reduced a nonspecific adsorption of the probe to the PVDF (Creighton 1999). 

 Thereafter a primary antibody was added. This antibody was specific against 

the target protein which it bound. To visualise where the primary antibody has bound 

a secondary antibody was applied. This antibody was specific for the primary antibody 

and usually conjugated to an enzyme or it was a fluorescent antibody which was detected 

by a fluorescent scanner (excitation wavelength 778 nm, emission wavelength 795 nm). 

Enzyme-conjugated secondary antibody (in this study antibodies with horseradish 

peroxidase were used) could be detected by using enhanced chemiluminescence 

(ECL) on a autoradiography film – the principle is pictured in Figure 11 (Hegyi 2013; 

Magdeldin 2012). These films could also be scanned for the purpose of obtaining a digital 

image. 
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Figure 11: The principle of chemiluminescent Western blotting detection. The emitted light is detected 

on an autoradiography film (GE Healthcare Life Sciences 2011). 

 

 The digital images were analysed using myImageAnalysis™ Software 

(Thermo Scientific) and the results were calculated in Excel 2013 

(Microsoft Corporation) and graphs were designed in Origin 9.0 (OriginLab®). 

The whole theoretical process mentioned can be described more concretely as it 

was performed in this study. 

The proteins were thawed and mixed in new vials in a ratio 1:4 with the 4× sample 

buffer and they were vortexed and centrifuged. The vials were heated (95°C) 

for 10 minutes and then centrifuged again. A vial with a marker was also prepared – Prism 

Protein Ladder (10 – 175 kDa) purchased from Abcam® or Color-coded Prestained 

Protein Marker (43 – 315 kDa) purchased from Cell Signaling Technology®. 
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Meanwhile, both kinds of gels were poured and polymerised. The electrophoresis 

machine with the bath (1× running buffer) was set up and the gels between the glasses 

were put inside the basin. 

The small wells created on the top of the stacking gel were filled with the marker 

and the protein samples (20 μl) and the electrophoresis (200 V) began. 

When the electrophoresis had finished the gels were washed in the 1× towbin 

buffer + MetOH and the “sandwiches” (Figure 10) were made and transferred 

to Trans-Blot® Turbo™ Transfer System (Bio-Rad) where the blotting took place. 

After the blotting the membranes were removed from the “sandwiches” to a shaker 

and they were washed with TBS (3×5 minutes) and blocked with the blocking solution 

(for 2 – 3 hours at room temperature or overnight in 4°C). The membranes were 

subsequently washed with TBS/T (1×5 minutes) and incubated with a solution 

of a primary antibody for 1 hour. Afterwards they had to be washed again with TBS/T 

(5×5 minutes) and incubated with a solution of a secondary antibody (90 minutes). 

The next step was again the washing with TBS/T (3×5 minutes). 

Then the membranes were taken from the shaker and incubated for 2 minutes 

with ECL solution (Cell Signaling Technology) and after this period they were transferred 

to a plastic foil and into an autoradiography film cassette (Kodak® X-Omatic). The next 

steps took place in a dark room. A sheet of an autoradiography film (Amersham 

Hyperfilm ECL was used, purchased from GE Healthcare Life Sciences) was placed 

on the top of the membrane. The cassette was closed and the film was exposed 

for 1 minute. The film was removed from the cassette and put into the developer solution 

(Adefo Chemie) for 3 – 5 minutes. A washing in water and then a bath in the fixing 

solution (Adefo Chemie) followed. After another washing in water a drying was provided. 

The duration of the exposure was optimised from the brightness of the first image. 

The dried images were scanned to obtain digital images which could be analysed. 

The other option to taking the pictures was by using fluorescent secondary 

antibodies (incubation took 1 hour at minimum) and washing twice for 5 minutes 

with TBS/T. Subsequently the membranes were scanned on Odyssey® CLx 

(LI-COR, Inc.) and the digital images could be analysed as well. 
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As it was mentioned the calculations were made in Excel 2013 

(Microsoft Corporation). Every result was converted to abbreviation units for the purpose 

of comparing results from different images. Abbreviation units were obtained from 

a quotient of the band density of a specific ENaC subunit protein and of the band density 

of β-actin from the same sample. It means that every membrane was firstly investigated 

for a specific ENaC subunit protein and secondly for the content of β-actin. β-actin is 

used as an internal standard and it indicates a total volume of the protein loaded into each 

well at the top of the stacking gel (GE Healthcare Life Sciences 2011). 

It is essential to know the molecular mass of each ENaC subunit protein 

for the image analysis. The experience, resulted from many studies 

(Harris et al. 2008; Hughey et al. 2003; Ji et al. 2012; Santa Cruz Biotechnology, Inc.) 

and from the laboratory where this study was performed the bands of the proteins were 

detected subsequently: α-ENaC, β-ENaC and γ-ENaC bands are assumed to lie 

in the interval between 90 – 100 kDa and δ-ENaC around 110 kDa. The band of β-actin 

occurred every time at 43 kDa. 

Recipes: 

 

Running gel 7.5% (20 ml) 

ddH2O 9.700 ml 

30% Acrylamide/Bis (Bio-Rad) 5.000 ml 

1,5 M Tris pH 8,8 5.000 ml 

10% SDS (Sigma-Aldrich) 0.200 ml 

10% APS (Bio-Rad) 0.100 ml 

TEMED (Bio-Rad) 0.010 ml 

Stacking gel 4% (12.55 ml) 

ddH2O 7.460 ml 

30% Acrylamide/Bis (Bio-Rad) 1.670 ml 

0.5 M Tris pH 6.8 3.150 ml 

10% SDS (Sigma-Aldrich) 0.125 ml 

10% APS (Bio-Rad) 0.100 ml 

TEMED (Bio-Rad) 0.010 ml 

  

Table 3: List of recipes (part 3) 
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4× Sample buffer (10 ml) 

100% glycerol 4.0 ml 

0.5 M Tris pH 6.8 4.8 ml 

SDS (Sigma-Aldrich) 0.8 g 

Bromophenol blue 4.0 mg 

β-mercaptoethanol (Sigma-Aldrich) 0.5 ml 

ddH2O 0.7 ml 

0.5 M Tris pH 6.8 (50 ml) 

Tris base (Amresco Inc.) 3.0 g 

ddH2O ∑ 50 ml 

HCl to pH 6.8 

1.5 M Tris pH 8.8 (50 ml) 

Tris base (Amresco Inc.) 9.1 g 

ddH2O ∑ 50 ml 

HCl to pH 8.8 

10× Running buffer (1 l) 

Tris base (Amresco Inc.) 30.0 g 

Glycine (Sigma-Aldrich) 144.0 g 

SDS (Sigma-Aldrich) 10.0 g 

ddH2O ∑ 1 l 

1× Running buffer (1 l) 

10× Running buffer 100 ml 

ddH2O 900 ml 

1× Towbin buffer + MetOH (1 l) 

10× Running buffer 100 ml 

MetOH (Merck) 200 ml 

ddH2O 700 ml 
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10× TBS (1 l) 

Tris base 24.2 g 

NaCl 80.0 g 

HCl to pH 7.6 

ddH2O ∑ 1 l 

1× TBS (1 l) 

10× TBS 100 ml 

ddH2O 900 ml 

1× TBS/T (1 l) 

10× TBS 100 ml 

Tween 20 (Sigma-Aldrich) 1 ml 

ddH2O 899 ml 

Blocking solution 3% (50 ml) 

BSA (Sigma-Aldrich) 1.5 g 

10% NaN3 (Sigma-Aldrich) 0.1 ml 

1× TBS ∑ 50 ml 

Primary antibody solution (50 ml) 

BSA (Sigma-Aldrich) 1.5 g 

10% NaN3 (Sigma-Aldrich) 0.1 ml 

Concentrated antibody volume depends on a particular type 

1× TBS/T ∑ 50 ml 

Secondary antobody solution (50 ml) 

FBS 0.25 ml 

Concentrated antibody volume depends on a particular type 

1× TBS/T ∑ 50 ml 

ECL solution (1 ml) 

SignalFire™ ECL Reagent A (Cell Signaling Technologies) 0.45 ml 

SignalFire™ ECL Reagent B (Cell Signaling Technologies) 0.45 ml 

SignalFire™ Plus ECL Reagent A (Cell Signaling Technologies) 0.05 ml 

SignalFire™ Plus ECL Reagent B (Cell Signaling Technologies) 0.05 ml 
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Primary antibodies: 

 

Antibody Animal Dilution Company 

anti-α-ENaC goat 1:500 Santa Cruz 

Biotechnology, Inc. 

anti-α-ENaC rabbit 1:500 Thermo Scientific 

anti-β-ENaC goat 1:200 Santa Cruz 

Biotechnology, Inc. 

anti-γ-ENaC goat 1:500 Santa Cruz 

Biotechnology, Inc. 

anti-δ-ENaC rabbit 1:500 Santa Cruz 

Biotechnology, Inc. 

anti-β-actin mouse 1:500 Santa Cruz 

Biotechnology, Inc. 

 

  

Table 3: List of primary antibodies 
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Secondary antibodies: 

 

Antibody Animal Dilution Company 

anti-goat IgG-HRP donkey 1:5000 Santa Cruz 

Biotechnology, Inc. 

anti-mouse 

IgG-HRP 

rabbit 1:2000 Santa Cruz 

Biotechnology, Inc. 

anti-rabbit 

IgG-HRP 

donkey 1:5000 Santa Cruz 

Biotechnology, Inc. 

anti-rabbit (H+L) 

IgG-HRP 

donkey 1:5000 Promega 

fluorescent 

anti-rabbit IgG 

(H+L) 

donkey 1:5000 LI-COR 

fluorescent 

anti-mouse IgG 

(H+L) 

donkey 1:5000 LI-COR 

fluorescent 

anti-goat IgG 

(H+L) 

donkey 1:5000 LI-COR 

 

 

3.5. Statistics 

 Paired t-test was performed using Excel 2013 (Microsoft Corporation) to establish 

statistical significance. Statistical significance was set at p < 0.05. 

  

Table 5: List of secondary antibodies 
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4. Results 

I obtained the following results, which displays the influence of TNF-α on hENaC 

subunit expression, by using Western blot analysis. The cells were treated for four 

different time intervals (5, 10, 30 and 60 minutes) in all experiments and for the interval 

of 5 minutes I also used non-treated cells for a control. 

Firstly I aimed to the influence of TNF-α on α-hENaC subunit expression. For this 

purpose I transfected the HEK-293 cells with the DNA for α subunit expression as well 

as with the DNA for β and γ subunit expression. The results are pictured in Figure 12. 

From this figure a transient increase in α subunit expression after 5 minutes treatment is 

visible, compared to basal levels. Nevertheless, this increase is not significant. However, 

in other time intervals α subunit is approximately at the same level as the basal one. 

Secondly I focussed on δ subunit expression; after the treatment of TNF-α. 

I transfected the HEK-293 cells with the DNA for δ, β and γ subunit expression. Figure 13 

shows an obvious significant transient increase in δ subunit expression after 5 minutes 

treatment. But as well as in the experiments with α subunit, levels of expression in other 

time intervals were settled at the similar level as the control. 

The experiments with β and γ subunits expression were done concurrently 

with the previous two because from my experience there is no difference if those subunits 

are expressed with α or δ subunits. 

A graph made from the experiments with β subunit is in Figure 14. Here 

I established the same conclusion as in the case with γ subunit. The only difference 

between these two experiments is a small increase in β subunit expression 

after 10 minutes and 30 minutes TNF-α treatment. But this increase is also not significant. 

In Figure 15 the results from experiments with γ subunit expression are visible. It 

is clear that after the treatment with TNF-α almost no changes in the expression of this 

subunit occurred. 

Figure 16 is a summarising graph of all experiments concerned with the influence 

of TNF-α on hENaC subunit expression. 
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The exemplary bands from the experiments, where cellular extracts of HEK-293 

cells were subjected to SDS-PAGE and analysed with respective hENaC and β-actin 

antibodies, are pictured in Figure 16. 
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Figure 12: TNF-α does not significantly increase the α-hENaC subunit expression in HEK-293 transfected 

cells. However it has a potential to transiently increase the α-hENaC subunit expression in 5 minutes after 

the treatment with TNF-α. This increase was followed by a decrease to approximately a basal level 

of the expression. 

 

 

Time interval and 

description 

Mean SD N 

5 minutes control 1.00 0.00 4 

5 minutes α wt 1.19 0.29 4 

10 minutes α wt 1.04 0.22 4 

30 minutes α wt 1.02 0.17 4 

60 minutes α wt 0.90 0.28 3 

 

Table 6: Influence of TNF-α on α-hENaC 

subunit expression. 
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Figure 13: TNF-α significantly transiently increases the expression of δ-hENaC subunit in HEK-293 

transfected cells. This significant transient increase is obvious in 5 minutes after the treatment. After this 

period the expression is settled back to the basal level. 

 

 

Time interval and 

description 

Mean SD N 

5 minutes control 1.00 0.00 4 

5 minutes δ wt 1.18 0.08 4 

10 minutes δ wt 0.95 0.20 4 

30 minutes δ wt 1.00 0.24 4 

60 minutes δ wt 0.99 0.15 4 

 

 

Table 7: Influence of TNF-α on δ-hENaC 

subunit expression. 
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Figure 14: TNF-α has no significant influence to β-hENaC subunit expression in HEK-293 transfected 

cells. A small transient increase is obvious in 10 minutes and 30 minutes after the treatment; however, this 

increase is not significant. 

 

 

Time interval and 

description 

Mean SD N 

5 minutes control 1.00 0.00 8 

5 minutes β wt 0.98 0.07 8 

10 minutes β wt 1.09 0.21 8 

30 minutes β wt 1.04 0.27 8 

60 minutes β wt 0.95 0.08 7 

 

 

 

Table 8: Influence of TNF-α on β-hENaC 

subunit expression. 
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Figure 15: TNF-α has no significant influence on γ-hENaC subunit expression in HEK-293 transfected 

cells. The expression of this subunit stays at the basal level. 

 

 

Time interval and 

description 

Mean SD N 

5 minutes control 1.00 0.00 4 

5 minutes γ wt 1.01 0.03 4 

10 minutes γ wt 0.98 0.07 4 

30 minutes γ wt 0.95 0.09 4 

60 minutes γ wt 0.98 0.08 4 

 

  

Table 9: Influence of TNF-α on γ-hENaC 

subunit expression. 
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Figure 16: Western blot bands from an experiment. TNF-α transiently increases the expression of δ-hENaC 

and has a potential to transiently increase the expression of α-hENaC in HEK-293 cells. The expression 

of β-hENaC and γ-hENaC in the same type of cells remains almost changeless. 

α-hENaC 

β-actin 

β-actin 

γ-hENaC 

β-hENaC 

β-actin 

δ-hENaC 

β-actin 

TNF-α       -       +        +        +          + 

Time (min.)      5        5        10       30         60 
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5. Discussion 

Recently published data describes a dichotomal role of TNF-α on pulmonary 

edema and alveolar liquid clearance (ALC). These effects are caused by two different 

sites on the TNF-α molecule which have opposite functions – the lectin-like domain 

and the receptor binding site (Lucas et al. 2013). It is also known that this cytokine 

downregulates the activity of ENaC and decreases the expression of α, β and γ ENaC 

subunits mRNA in alveolar epithelial cells (Dagenais et al. 2004). 

It was also discovered that a TIP peptide called AP301 (solnatide), which is 

a synthetic cyclic peptide derived from TNF-α lectin-like domain activates Na+ 

current through ENaC in ATII cells (Tzotzos et al. 2013) and an animal models 

(Hartmann et al. 2013). Recent studies have shown that it is not only because AP301 has 

an influence on the ion channel kinetics but it also affects the expression of ENaC subunits 

(Czikora et al. 2014). 

The first aim of this study was to reveal the time-dependent influence of TNF-α 

on the single hENaC subunit expression. I reached this objective by experiments 

with HEK-293 transfected cells. I transfected the cells with a specific combination 

of hENaC subunit’s DNAs (αβγ or βγδ) and I treated them with 20 nM TNF-α. Afterwards 

I provided a protein harvesting and western blot analysis. My results suggest that TNF-α 

has an influence on hENaC α and δ subunits expression. These two subunits 

are supposed to have the principal responsibility for the channel function 

(Canessa et al. 1994b; Ji et al. 2012).  

The expression of α-hENaC subunit was transiently increased (19%) in 5 minutes 

after the treatment with TNF-α; however this increase was not significant. Also 

the expression of δ-hENaC subunit was transiently increased (18%) after 5 minutes 

treatment with TNF-α. Nevertheless this increase is significant. I have noticed small 

non-significant transient increases (9% and 4%) in β-hENaC subunit expression 

in 10 and 30 minutes after the treatment but these deviations are not supposed to be 

important. In the case of γ-hENaC subunit expression there was no visible increase 

or decrease in the expression. 

These results suggest that TNF-α has an influence on α- and δ-hENaC subunit 

expression and it has the ability to affect the function of this channel. 
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The second purpose of this study was to compare the previous results 

with the results from recent studies with AP301. Results (Shabbir et al. 2015) 

of experiments which also used Western blot analysis for this part of experiments, showed 

that endogenously expressed subunits of hENaC are influenceable by AP301 (Figure 17). 

I compared these results with the results from my experiments (Figure 16) 

and a similarity between these two groups of results is obvious. 

 

 

Figure 17: AP301 transiently increases the expression of hENaC in A549 cells. A significant transient 

increase of the expression of α and δ hENaC subunit in 5 minutes after the treatment, followed by a decrease 

after 10, 30 and 60 minutes is transparent. On the other hand, the expression of β and γ hENaC subunits are 

not significantly increased. *p < 0.05, **p < 0.01 – determined by t-test, n = 3-7 (Shabbir et al. 2015). 
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 However, it has to be said that the results from Figure 17 were obtained 

from experiments with A549 cells which express all the hENaC subunits endogenously 

(in contrast with HEK-293). But it was reported that AP301 interacts with ENaC in both 

cases – when it is expressed endogenously and heterologously (Shabbir et al. 2013). 

 From Figure 17 is obvious that the expression of α- and δ-hENaC subunits in A549 

cells is significantly transiently increased in 5 minutes after the treatment with AP301 

and after this period the expression comes back to its basal level. β and γ subunits 

expression is not increased for whole time of the experiment. These results are analogous 

to those from my experiments with TNF-α – α and δ subunits expression was transiently 

increased in 5 minutes after the treatment (even though the expression of α subunit was 

not increased significantly) and almost no change was noticed in the expression of β 

and γ subunits. 

 The deviations between the results comparison could be caused by two different 

cell lines which were used in each experiment. Moreover, TNF-α might also play 

the dichotomal role in these experiments; thus one part of the molecule could cause 

the increase of the expression but simultaneously another part of it might cause a small 

decrease of the expression. Another explanation of the variety could be that TNF-α, 

in contrast with AP301, is a much bigger molecule and the lectin-like domain, which is 

assumed to be the responsible part of TNF-α for the expression increase, could be masked 

with another part or domain of this molecule. Also it is supposed that AP301 is able 

to penetrate to the cell.  
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6. Conclusions 

To conclude, my study shows that TNF-α transiently significantly increases 

δ-hENaC subunit expression and it has a potential to increase the expression of α-hENaC 

subunit. On the other hand, it has almost no effect on the expression of β-hENaC 

and γ-hENaC subunits. 

These data are in a close relationship with data obtained from similarly designed 

experiments with AP301, a TNF-α lectin-like domain derived peptide. 
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7. List of abbreviations 

A549 cells Human lung adenocarcinoma epithelial 

cells 

AFC Alveolar fluid clearance 

ALC Alveolar liquid clearance 

AP301 Solnatide (INN name) 

APS Ammonium persulfate 

ATI Alveolar epithelial type I cell 

ATII Alveolar epithelial type II cell 

BSA Bovine serum albumin 

CNG Cyclic nucleotide-gated cation channel 

ddH2O Double distilled water 

DH5α Type of competent E. coli 

DMEM/F12 Dubecco’s Modified Eagle Medium/F12 

nutrient mixture Ham plus L-Glutamine 

DNA Deoxyribonucleic acid 

ECL Enhanced chemiluminescence 

E. coli Escherichia coli 

EDTA Ethylenediaminetetraacetic acid 

ENaC Epithelial sodium channel 

FBS Foetal bovine serum 

HEK-293 Human embryonic kidney cell 

JUN Jun N-terminal 

hENaC Human epithelial sodium channel 

HRP Horseradish peroxidase 

LB medium Luria-Bertani medium 

MAP Mitogen activated protein 

MetOH Methanol 

N Sample size 

Na+/K+-ATPase Sodium-potassium adenosine 

triphosphatase 
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NF-κB Nuclear factor kappa-light-chain-enhancer 

of activated B cells 

mRNA Messenger ribonucleic acid 

PBS Phosphate-buffered saline 

Po Open probability 

PMSF Phenylmethylsulfonyl fluoride 

PVDF Polyvinylidene difluoride 

RNA Ribonucleic acid 

SD Standard deviation 

SDS Sodium dodecyl sulphate 

SDS-PAGE Sodium dodecyl sulphate – 

Polyacrylamide gel electrophoresis 

TBS Tris-buffered saline 

TBS/T Tris-buffered saline and Tween 20 

TEMED Tetramethylethylenediamine 

TIP TNF-α lectin-like domain derived peptide 

TNF-α Tumour necrosis factor alpha 

TNF-β Tumour necrosis factor beta 

TNFR Tumour necrosis factor receptor 

TNFR1 Tumour necrosis factor receptor 1 

TNFR2 Tumour necrosis factor receptor 2 
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