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Abstract 

The influence of galantamine (GAL), a natural alkaloid, on the lipid bilayers was investigated 
using the solid supported membrane method. This method allows the investigation of artificial lipid 
membranes while one can rapidly change the concentration of various components in the buffer above 
the membrane. Concentration jumps of sodium salts solutions of Hofmeister series anions were applied 
to artificial membranes having various lipid compositions, in absence or presence of galantamine. New 
information about GAL interaction with lipid membranes was obtained. The amplitude of the capacitive 
signals increases as GAL concentration increases for all the Hofmeister anions studied in a manner that 
depends on the lipid bilayer composition. These results seem to confirm the hypothesis that GAL 
influences the electrical behavior of the membranes through binding (either insertion in the bilayer or 
attachment at its surface). 
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Introduction 

  
Galantamine (GAL), an alkaloid from snowdrops is a natural substance that exhibits 

beneficial effects in the treatment of some neurodegenerative disorders that involve nicotinic 
neural pathways (WILCOCK [1], CUMMINGS [2], ROCKWOOD & al. [3], WOODRUFF-
PACK & al. [4], SANTOS & al. [5], DAJAS-BAILADOR & al. [6], LOPES & al. [7]). 
Recently we have found that galantamine modulates the recovery from ACh-induced 
desensitization, an effect which is concentration dependent and non-linear (POPESCU & al. 
[8]). Nevertheless, the precise mechanisms of GAL effects at the level of nicotinic receptor 
are not elucidated so far, and neither was possible to establish the precise location of 
galantamine binding site [8]. On the other hand, previous researches (e.g. HODGKIN & 
HOROWICZ [9], RYCHKOV & al. [10], CLARKE & LUEPFERT [11], GANEA & al. [12]) 
have shown that the various charged species are able to influence the membrane-related 
physiological processes either by modifying the membrane dipole moment or by 
disorganizing the lipid bilayer in the vicinity of various proteins embedded in it. Thus, it 
would be possible that the action of GAL at the level of nervous system, and in particular on 
the nicotinic receptor, could be due not only to specific interactions with the receptor itself, 
but also to non-specific interactions with the lipid membrane, such as GAL attachment and/or 
insertion in the lipid bilayer, leading to modifications of various membrane parameters (e.g. 
membrane fluidity, dipole moment etc.) and influencing thus the functionality of membrane 
proteins. In a recent study, using BLM (Black Lipid Membrane) method (IFTIME & al. [13]) 
we have shown that the electrical parameters of the lipid bilayer are modified when GAL at 
various concentrations were added to it. The results of this study suggested that the 
mechanisms underlying the above mentioned effects imply not only the insertion of GAL in 
bilayer but other mechanisms could be involved as well, e.g.: interactions at the interface lipid 
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- GAL - containing solution, leading to modifications in membrane architecture and/or dipole 
moment; or the attachment of GAL molecules to the lipid bilayer, more important for the 
negatively charged lipids [13]. In the present paper we took a step farther in investigating the 
interaction of GAL with artificial lipid bilayers by means of another electrophysiological 
method, namely the SSM (solid supported membrane) method. In comparison to the BLM 
method, the SSM method has the advantage of a higher membrane stability and, moreover, 
allows a rapid exchange of solutions at membrane surface giving the possibility of studying 
not only the stationary phenomena but the transient ones as well (SEIFERT & al. [14], 
PINTSCHOVIUS & FENDLER [15]). Recently the SSM method has been used to study the 
ion binding to a lipid membrane (GARCIA-CELMA & al. [16]). The authors have shown that 
the ions belonging to Hofmeister series are attracted to the membrane independent on the 
membrane composition and that this general trend is modulated by electrostatic interactions of 
the ions with the lipid head group charge (GARCIA-CELMA & al. [16]). Taking into account 
their findings and our own results obtained by means of BLM method (IFTIME & al. [13]), 
the effects of increasing GAL concentrations on artificial lipid bilayers have been studied 
indirectly, by monitoring the modifications induced in the amplitude of electrical signals 
elicited by concentration jumps of Hofmeister anions against a NaCl solution taken as 
inactive. 

 

 

Figure 1. Galantamine structure 
 
Materials and method 
 

SSM method and measuring procedure 
 The SSM method is a relative novel electrophysiological procedure that allows the 
monitoring of electrical parameters of artificial lipid membranes and the study of membrane 
proteins either in natural membrane fragments or reconstituted in proteoliposomes (for recent 
reviews see TADINI-BUONINSEGNI & al. [17], GANEA & FENDLER, [18]). This 
technique allows a rapid exchange of solutions at membrane surface, such as the contact of 
solution with the bilayer takes place only in very short time interval (SEIFERT & al. [14], 
PINTSCHOVIUS & FENDLER [15]). The SSM consists of an alkanethiol monolayer 
covalently bound to a gold surface (150 nm thickness) deposited on a glass support (1 mm 
thickness) via the sulphydryl group, with a lipid monolayer on top of it in order to obtain a 
double layer. The hybrid alkanethiol / phospholipid bilayer is obtained in two sequential self-
assembly steps, as described by PINTSCHOVIUS & FENDLER [15]. The lipid membrane 
formed has an area of 1-2 mm2. The SSM is then fixed in a special plexiglas cuvette, which 
allows the activating and non-activating solution to flow through. The cuvette has an inner 
volume of 17�l. The electrical connection to the membrane electrode is made by a metal 
plate pressed on the gold surface of the SSM and connected to an amplifier. The counter-
electrode is an Ag/AgCl electrode separated from the solution by a salt bridge. The electrodes 
are connected to an external electrical circuit. The substrates containing solutions are driven 
by means of a system of tubes and valves to the SSM under a constant pressure of ca. 0.6 bar. 
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Further details about the set-up can be found in PINTSCHOVIUS & FENDLER [15]. After 
the formation of SSM, the capacitance and the conductance values, which become constant 
after a waiting time of cca 90 min, are measured. The usual values range between 300-500 
nF/cm2 for capacitance and between 50-100 nS/cm2, for the conductance. A typical solution 
exchange protocol consists of three steps: 1) washing the cuvette with the non-activating 
solution (2 s), 2) activation (concentration jump, 2 s) and 3) deactivation and cleaning (2 s) 
with the non-activating solution. The system is checked for artifacts generated by solution 
exchange when the buffer used in the experiment has been taken as both activating and non-
activating solutions. If the artifacts are absent or negligible, only the baseline will appear on 
the monitor, indicating the absence of charge displacements. A concentration jump of the 
active solution yielding a capacitive signal will indicate an electrogenic activity at the 
membrane-electrode system. 

Chemicals  
 The standard buffer solutions contained 10 mM TRIS/HEPES, pH 7. Four lipids were 
used for lipid membrane formation: diphytanoyl phosphatidylcholine (DPPC), 1,2-dioleoyl-
sn-glycero-3-phospho-(1'-rac-glycerol)(DOPG),1,2-di-(9Z-octadecenoyl)-3-
trimethylammonium-propane (DOTAP) and cholesterol (chol). All lipids were purchased 
from Avanti Polar Lipids Inc., Pelham, AL. DPPC, DOPG and DOTAP have been deposited 
as stock solutions in  chloroform, in concentrations of 20 mg/ml (DPPC) and 10 mg/ml 
(DOPG and DOTAP). Cholesterol was deposited as anhydrous substance.  The lipid forming 
solutions were prepared in n-decan (after evaporating the chloroform under a flow of 
nitrogen) with final concentrations of 1.5g/100ml DPPC, DOPG, DOTAP or 
DPPC+chol(10%). DPPC solution contained also 0.025% octadecylamine (Riedel-de-Haen, 
Hannover, Germany). Galantamine (Galantamine hydrobromide, Sigma) was prepared in 
ultrapure water (Millipore) to desired concentrations. The solutions containing the sodium 
salts of Hofmeister anions (NaF, NaCH3COO, NaBr, NaNO3, NaI, NaSCN şi NaClO4) and the 
reference NaCl solution have been prepared in concentration of 100 mM in TRIS/HEPES 
buffer, pH 7. All salts were purchased from Sigma. The NaCl solution was taken as reference 
(inactive) due to the fact that Hofmeister effects show a sign inversion at Na+ and Cl-. The 
measurements have been performed at room temperature (220C). 

Protocols 
 After lipid bilayer formation and stabilization, concentration jumps of active solutions 
(containing the salts of interest) against the reference NaCl solution were realized, in the 
absence of GAL and the amplitude of the capacitive signal was measured. The electrical 
signal obtained reflects the capacitive coupling characteristic to the presence of lipid bilayers 
which are impermeable to ions. After performing the control experiment in the absence of 
GAL, the SSM was incubated for 30 min. with 40 μl GAL at the desired concentration and 
successive sets of measurements for progressive GAL concentrations have been carried out.  
After each incubation the SSM was washed with NaCl solution. The studied GAL 
concentrations have been: 0.5 μM, 1 μM, 5 μM, 10 μM and 20 μM. 
Each set of measurements has been repeated on 3-4 different membranes having the same 
composition.  

Data analysis 
 The recorded data for each anion have been normalized to the values of capacitive 
currents amplitudes in the absence of GAL. The normalized values have been averaged for 3-
4 different membranes. In order to compare the profiles of GAL insertion in the membrane, a 
second normalization of averaged values was performed with the view to obtain values 
between 0 and 1. The formula according to which the normalization has been done was:   

inorm = (i – imin)/(imax – imin) 
where inorm represents the normalized current, i the averaged current after first normalization, 
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imax and imin represent the maximal and minimal values respectively of the capacitive currents 
obtained for a given anion into a group including all tested GAL concentrations.  The 
statistical data analysis has been done with the aid of Origin 7.5 software.  
  
Results and discussions 
 
 The interaction of GAL with artificial lipid bilayers has been evidenced indirectly by 
studying the effects of its presence on the amplitudes of capacitive electrical signals elicited 
by a rapid exchange of active (containing Hofmeister anions)/inactive (reference) solution at 
the level of lipid membrane. We have studied the effects of galantamine on four types of lipid 
membranes:  DPPC, DPPC + cholesterol 10% (DPPC-chol), DOPC and DOTAP. In a 
previous work (IFTIME & al. [13]) we have shown, by means of BLM method, that 
galantamine induces changes in the electrical parameters of artificial lipid membranes that 
depend both on GAL concentration and the charge of the lipids used to form the bilayer. The 
present paper brings additional data concerning the mechanisms of GAL interaction with lipid 
bilayers by studying its interference with Hofmeister effects of the anions. From the 
measurements performed with the relative novel electrophysiological method SSM we have 
been able to compare the amplitudes of the capacitive signals elicited by concentration jumps of 
Hofmeister anions in the absence of GAL with those obtained in its presence. This comparison 
allowed us to obtain new information about GAL interaction with lipid membranes.  
 On imposing on the lipid bilayer concentration jumps of sodium salts of Hofmeister 
anions, electrical capacitive signals, having an amplitude that depends on the  position of the 
given anion in the series, can be recorded (GARCIA-CELMA & al. [16]; present work) (fig. 
2A)  On incubating the lipid membrane with GAL, the amplitude of the signals increases (fig. 
2B). Figure 2 depicts the evolution of capacitive signals recorded in the absence and in the 
presence of GAL 20 μM when the lipid forming the bilayer was DPPC. 
 

Figure  2. Electrical capacitive signals obtained after imposing concentration jumps of sodium salts of 
Hofmeister anions, without (A) and with (B) galantamine 20 μM. The lipid used for membrane 
formation was diphytanoyl phosphatidylcholine (DPPC)  

 Figure 3 depicts the dependence of the peak current on GAL concentration for the four 
types of lipids used in the experiment.  Each point in the graphical representation is the average 
of the measured signals for 3-4 different lipid membranes. The amplitudes of the capacitive 
signals depend both on the lipid used for membrane formation and the GAL concentration (Fig. 
3). As a general trend it can be noticed that, for all types of lipids used in the hybrid bilayer, the 
amplitude of the capacitive signals increases as GAL concentration increases.  
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Figure 3. Variation of capacitive signals in relation with concentration jumps of Hofmeister anions and with 
galantamine (GAL) concentration, for different lipid membranes: A) diphytanoyl 
phosphatidylcholine (DPPC); B) diphytanoyl phosphatidylcholine and cholesterol (DPPC-col); C) 
1,2-dioleoyl-sn-glycero-3-phospho-(1'-rac-glycerol) (DOPG);  D) 1,2-di-(9Z-octadecenoyl)-3-
trimethylammonium-propane (DOTAP). In order to simplify the graphs the error bars were omitted. 

 
 In the case of DPPC membranes the amplitude of the signals elicited by concentration 
jumps of the anions located in the chaotropic domain (NaBr, NaNO3, NaI, NaClO4 and 
NaSCN) decreases at GAL concentrations of 0.5 – 1 μM. At higher concentrations the 
amplitude of the signals increases again as compared to control values (i.e. in absence of 
GAL). It is possible that at small concentrations GAL does not bind yet to the membrane but 
can interfere either with the chaotropic anions ability to bind to the lipid or with the water 
structure in the vicinity of the lipid membrane.  As it was already pointed out (GARCIA-
CELMA & al. [16]) the geometry of the water molecules around the ions and lipid head 
groups could play an important role in the observed Hofmeister effects. It seems, thus, that at 
concentrations below 1 μM galantamine has a stabilizing effect on the bilayer, diminishing the 
disorganizing effect of the chaotropic anions. At higher concentrations GAL has an opposite 
effect on the membrane and the amplitude of the signals starts to increase again. Taken 
together, these results suggest a bell-shaped dose-effect curve having a maximum at 0.5 – 1 
μM GAL. A similar effect of GAL has been reported in the literature for the effect of allosteric 
potentiation of (SANTOS & al. [5], DAJAS-BAILADOR et al. [6], LOPES & al. [7]) and for 
the influence of GAL on nicotinic Ach receptors desensitization (POPESCU & al. [8]). Our 
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results suggest, thus, that the above mentioned effects of GAL on nicotinic receptors might be 
partially due also to a non-specific interference with the mechanisms involved in the action on 
the lipid bilayer. The presence of cholesterol in DPPC lipid bilayer modifies the profiles of 
GAL concentration dependency of the capacitive signals. As compared to DPPC membranes, 
the amplitudes increase more significantly and the initial decrease of the signals al low 
concentrations of GAL are not observed any more. It is possible that the presence of cholesterol 
favors the attachment of GAL to the bilayer and consequently its effect of electrical 
destabilization of the membrane is dominant even at low concentrations of galantamine. 
 When the lipid bilayer was constituted of DOTAP, which is positively charged, the 
amplitude of the signals increases as GAL concentration increases.  It is interesting to note 
that while for DPPC membranes the effect of GAL is approximately the same for all anions, 
for DOTAP ones the effect is more pronounced for kosmotropic anions. This finding might 
point to a tendency of positively charged GAL to interact also with anions in solution not only 
the lipid bilayer. 
 The highest increase of signals amplitudes as compared to the control is obtained for 
the negatively charged DOPG membranes, especially for the salts of strong chaotropic anions 
(NaI, NaClO4). This suggests a maximal structural and electrical disorganization of DOPG 
membranes under the influence of chaotropic anions that is amplified by the presence of 
GAL.  The positive charge of GAL bound to DOPG membrane might lead to a screening of 
the negative charge of the lipid enhancing thus the interaction of chaotropic anions with the 
complex GAL-lipid bilayer. These results are in agreement with our previous results obtained 
with the aid of BLM method [13]. Another interesting observation can be done when our 
results are compared to those of GARCIA-CELMA & al. [16]. Unlike in the results presented 
above, i.e. in the presence of GAL, in their experiments the Hofmeister effect of anions was 
more pronounced for positively charged membranes (DOTAP), and less important in the case 
of negatively charges ones (DOPG). This difference could be explained by taking into account 
that the common feature of all the concentration dependence profiles of capacitive signals 
amplitudes is the presence of positively charged GAL, suggesting thus that the modulatory 
influence of GAL of the Hofmeister effect of anions might be due to the binding of GAL to 
the lipid bilayer having as consequence the modification of its structure and electrical 
properties. At the same time an effect on the water structure in the vicinity of the lipid 
membrane cannot be excluded.  
 The normalization of the data showing the dependency of capacitive signals on GAL 
concentration to values between 0 and 1 (i.e. by dividing them to the values corresponding to 
the highest GAL concentration) reveals a very small variability of the curves for the same 
type of lipid (Fig. 4). The normalized values seem to be practically independent of the anion 
whose concentration jump was performed. Figure 4 depicts the averaged data corresponding 
to normalized curves representing the results obtained for each of the four lipids used to form 
the bilayer.  The shape of the curves confirms the hypothesis according to which at the basis 
of the described phenomena lies the binding (either insertion in the bilayer or attachment at its 
surface) of GAL to the lipid membrane.  It becomes possible thus to extract information about 
the affinity of GAL to the different types of studied lipids. The concentration dependence of 
the signals amplitudes is sigmoidal, suggesting a kinetic modeled by a Hill equation:  

i = k1[GAL]n / (k2 + [GAL]n) 
i being the amplitude of the capacitive signals, k1 and k2 constants of the kinetic model (k2 
providing information concerning the binding affinity of GAL)  and n the Hill coefficient, that 
indicates the cooperativity of GAL binding to the bilayer. The values of the parameters of the 
fit with a Hill equation are given in the Table 1.  
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Fig. 4. The dependency of capacitive signals on galantamine (GAL) concentration. The points represents the 
averaged experimental data, and the curves the fitting modeled by a Hill equation. The membrane forming lipids 
are: A) diphytanoyl phosphatidylcholine (DPPC); B) diphytanoyl phosphatidylcholine and cholesterol (DPPC-
col); C) 1,2-dioleoyl-sn-glycero-3-phospho-(1'-rac-glycerol) (DOPG);  D) 1,2-di-(9Z-octadecenoyl)-3-
trimethylammonium-propane (DOTAP). 

 
 The presence of cholesterol in DPPC membranes does not influence significantly the 
affinity of GAL (reflected by the coefficient k2), but has effect on the stoechiometry and the 
cooperativity of GAL binding. A Hill coefficient over 1 (n = 1.5), for DPPC membranes, 
suggests a certain degree of cooperativity of GAL binding to DPPC. In the presence of 
cholesterol the Hill coefficient lowers to about 0.5 suggesting thus the binding of GAL to a 
supramolecular complex including probably both DPPC and cholesterol molecules. 
 GAL has similar affinities for DOPG and DOTAP membranes and the affinities are 
significantly higher than for DPPC membranes. This could explain the bigger amplitudes of 
the signals for these two lipids. If in the case of DOTAP the binding does not seem to be 
cooperative, the Hill coefficient of n = 2 for DOPG membranes suggests clearly the 
cooperativity for GAL binding.  
 

Table 1. 
 k1 k2 n 

DPPC 0.92 +/- 0.11 2.47 +/- 1.04 1.5 +/- 0.5
DPPC-col 1.47 +/- 0.94 3.01 +/- 2.6 0.6 +/- 0.3
DOPG 0.95 +/- 0.02 0.52 +/- 0.07 2 +/- 0.2
DOTAP 0.88 +/- 0.03 0.69 +/- 0.1 1.3 +/- 0.2
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Conclusions 
 

Our experiments show that increasing GAL concentrations lead to the increase of the 
amplitude of capacitive signals elicited by concentration jumps of Hofmeister anions on 
artificial lipid membranes. The chaotropic anions induce lower amplitude signals in DPPC 
membranes in the presence of GAL concentrations of 0.5 – 1 μM than in its absence, 
suggesting a stabilizing effect of GAL at these concentrations. The maximal stabilizing effect 
of GAL on DPPC membranes appears at the same concentrations where its effect of allosteric 
potentiation and on nicotinic receptors desensitization is maximal (POPESCU & al. [8]) 
suggesting that these last effects could be also due to non-specific interaction of GAL with the 
lipid bilayer.  GAL induces a bigger structural disorganization of negatively charged DOPG 
membranes, reflected by much higher amplitudes of the capacitive signals elicited by 
concentrations jumps of Hofmeister anions as GAL concentration increases. The binding of 
GAL to DPPC and DOPG membranes is a cooperative process with Hill coefficients of 1.5 
respectively 2. In DPPC-cholesterol membranes GAL binds itself probably to a 
supramolecular complex (GAL interacts both with a DPPC and a cholesterol molecule) which 
is also suggested by a Hill coefficient below 1. The affinity of GAL for DPPC is not 
significantly influenced by the presence of cholesterol and the affinities for DOPG and 
DOTAP are similar and significantly higher than for DPPC.  
 
Acknowledgments 

 
This paper was supported by Romanian Ministry of Education and Research, research 

grant PN II Ideas no. 326/2007, code CNCSIS 251. The authors are grateful to Professors E. 
Bamberg and K. Fendler for giving them the opportunity to perform SSM measurements in 
the laboratories of Max-Planck Institute for Biophysics, Frankfurt/Main, Germany. 
 
References 
 
1. WILCOCK G.K., Efficacy and safety of galantamine in patients with mild to moderate Alzheimer's disease: 

multicentre randomised controlled trial, BMJ 321:1-7 (2000). 
2. CUMMINGS, J.L., Reduction of Behavioral Disturbances and Caregiver Distress by Galantamine in patients 

with Alzheimer Disease, Am. J. Psychiatry, 161:532-538 (2004). 
3. ROCKWOOD K., FAY S., SONG X., MACKNIGHT M.G., Attainment of treatment goals by people with 

Alzheimer's disease receiving galantamine: a randomized controlled study, CMAJ, 174(8):1099-1105 (2006). 
4. WOODRUFF-PACK D., VOGEL III R.W., WENK G.L. Galantamine: Effect on nicotinic receptor binding, 

acetylcholine esterase inhibition, and learning, PNAS, 98:2089-2094 (2001). 
5. SANTOS M.D., ALKONDON M., PEREIRA E.F.R., ARACAVA Y., EISENBERG H.M., MAELICKE A., 

ALBUQUERQUE E.X., The nicotinic allosteric potentiating ligand galantamine facilitates synaptic 
transmission in the mammalian nervous system, Mol. Pharmacol. 61:1222-1234 (2002) 

6. DAJAS-BAILADOR F.A., HEIMALA K., WONNACOTT S., The allosteric potentiation of nicotinic 
acetylcholine receptors by galantamine is transduced into cellular responses in neurons: Ca2+ signals and 
neurotransmitter release, Mol. Pharmacol, 64:1217-1226 (2003) 

7. LOPES C., PEREIRA E.F.R., WU H.Q., PURUSHOTTAMACHAR P., NJAR V., SCHWARCZ R., 
ALBUQUERQUE E.X.AL, Competitive antagonism between the nicotinic allosteric potentiating ligand 
galantamine and kynurenic acid at alpha7 nicotinic receptors, JPET, 322 (1): 48-58 (2007). 

8. POPESCU A., C. GANEA, T. MOURA, A. BICHO, Galantamine modulates the recovery from desensitization of 
nicotinic receptors in TE 671 cells, Rom. Biotechnological Letters, 14(1):4104-4118, (2009). 

9. HODGKIN, A. L., P. HOROWICZ. The effect of nitrate and other anions on the mechanical response of 
single muscle fibres. J. Physiol. (Lond.) 153:404-412 (1960). 

10. RYCHKOV G. Y., M. PUSCH, M. L. ROBERTS, T. J. JENTSCH, A. H. BRETAG. Permeation and block of 
the skeletal muscle chloride channel, ClC-1, by foreign anions. J. Gen. Physiol. 111:653-665 (1998) 

11. CLARKE R.J., LUEPFERT C., Influence of anions and cations on the dipole potential of 
phosphatidylcholine vesicles: a basis for the Hofmeister effect. Biophysical J., 76, 2614: 20 (1999) 



 On the mechanisms of galantamine interaction with artificial lipid bilayers 
 

5828                                          Romanian Biotechnological Letters, Vol. 15, No. 6, 2010 

12. GANEA, C., BABEŞ, A., LÜPFERT, C., GRELL, E, FENDLER, K, CLARKE, R.J., Hofmeister effects on 
the kinetics of partial reactions of the Na+,K+- ATPase, Biophysical J., 77,  267 (1999) 

13. IFTIME A., POPESCU A., GANEA C., On the galantamine interaction with artificial lipid membranes,  
Romanian J. Biophys.,  20(2):93–100 (2010) 

14. SEIFERT, K., FENDLER, K., BAMBERG, E., Charge transport by ion translocating membrane proteins on 
solid supported membranes, Biophysical J., 64:384-391 (1993) 

15. PINTSCHOVIUS J., FENDLER K., Charge Translocation by the Na+/K+-ATPase Investigated on Solid 
Supported Membranes: Rapid Solution Exchange with a New Technique, Biophysical J., 76:814-826 (1999) 

16. GARCIA-CELMA, J., HATAHET, L., KUNZ, W., FENDLER, K. - Specific anion and cation binding to lipid 
membranes investigated on a solid supported membrane, Langmuir 23, 10074-10080 (2007) 

17. TADINI-BUONINSEGNI F., BARTOLOMMEI G., MONCELLI M.R., FENDLER K., Charge transfer in P-
type ATPases investigated on planar membranes, Archives of Biochemistry and Biophysics 476, 75–86 (2008) 

18. GANEA C., FENDLER K., Bacterial transporters: Charge translocation and mechanism, BBA-Bioenergetics,  
1797(6) 706-713 (2009) 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


