The Influence of Static Magnetic Fields on Mechanosensitive Ion Channel Activity in Artificial Liposomes
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Abstract

The influence of static magnetic fields (SMFs) on the activity of recombinant mechanosensitive ion channels (the bacterial mechanosensitive ion channel of large conductance – MscL) following reconstitution into artificial liposomes has been investigated. Preliminary findings suggest that exposure to 80 milliTesla (mT) SMFs does not induce spontaneous MscL channel activation in the absence of mechanical stimulation. However, SMFs do appear to influence the open probability and single channel kinetics of MscL channels exposed to negative pipette pressure. Typical responses include an overall reduction in channel activity or an increased likelihood of channels becoming ‘trapped open’ in sub-conducting states following exposure to SMFs. There is a delay in the onset of this effect and it is maintained throughout exposure. 

Generally, channel activity showed slow or limited recovery following removal of the magnetic field and responses to the magnetic were often reduced or abolished upon subsequent exposures. Pre-exposure of the liposomes to SMFs resulted in reduced sensitivity of MscL channels to negative pipette pressure, with higher pressures required to activate the channels. 

Although the mechanisms of this effect are not clear, our initial observations appear to support previous work showing that the effects of static magnetic fields on ion channels may be mediated by changes in membrane properties due to anisotropic diamagnetism of lipid molecules.

Introduction

For many years there has been interest in the effects of static magnetic fields (SMFs) on biological systems and human health. A number of studies have shown that moderate strength static magnetic fields (1 mT – 1T) can influence the activity of ion channels embedded in phospholipid membranes. Dobson et al. have shown that static magnetic fields (1.35 mT) produced by an electromagnet can alter the gating kinetics / properties of the mechanosensitive MscS channel from E. Coli expressed in spheroplasts preparations (Dobson et al., 2002a,b). In addition, it has previously been shown that both cloned sodium and calcium channels expressed in mammalian cell systems exhibit changes in firing patterns and activation kinetics during exposure to 125 mT SMFs, where the effect is temperature dependent for both channels (Rosen, 2003b; Rosen, 1996). The same authors have previously suggested that ion channels may underlie the effect of moderate strength SMFs on the swimming patterns of paramecium (Rosen et al, 1990) and changes in the frequency of miniature endplate potentials (MEPPs) recorded from the murine neuromuscular system (Rosen, 1992, 1993).

The mechanisms by which moderate strength SMFs influence ion channel activity (in vitro and in vivo) are not entirely clear. One explanation that has previously been proposed by Rosen (1993) is that the application of static magnetic fields may induce magnetic re-orientation of membrane phospholipids (specifically the acyl chains of the molecules) via diamagnetic anisotropy effects (for review see Rosen et al., 2003).  
Diamagnetism is a property of materials that have no intrinsic magnetic moment and are weakly repelled when exposed to a magnetic field. Though all biological molecules have some degree of diamagnetic susceptibility, the majority of proteins have very weak susceptibility and thus very strong magnetic fields (>1T) are required to induce rotation or alignment of the molecules (for examples see Torbet et al, 1984; Iwasaka et al, 1994; Bras et al, 1998). However, diamagnetic susceptibility is known to be additive for highly ordered, linked parallel structures and thus it is possible that lower strength magnetic fields may exert an effect on highly ordered biological structures  (Maret & Dransfeld, 1977). It has been proposed that this is the case for phospholipid membranes (Rosen et al, 2003). 

It is worth noting that phospholipid molecules show clear levels of diamagnetic anisotropy and that orientation of phospholipid membranes is known to occur in the presence of strong and even moderate strength magnetic fields (Boroske et al, 1978; Scholz et al, 1984; Speyer et al, 1987; Sanders et al, 1994; Cardon et al, 2003). This is important, because the functioning of mechanosensitive (MS) channels is closely related to their boundary lipids (Martinac, 2004). Consequently, it is possible to theorize that ordering membrane phospholipids by magnetic fields may affect MS channel gating by perturbing the protein-bilayer interaction.
We have conducted preliminary experiments to investigate whether or not SMFs (~80 mT) produced by a permanent NdFeB magnet are able to influence the activity of recombinant MscL channels following reconstitution into artificial liposomes. 

Methods

Production of recombinant proteins

Recombinant GST-MscL and C-terminal-6xHis-MscL channel protein preparations were used in these experiments. Recombinant MscL channel fusion proteins were produced as described previously. Briefly, E. coli AW737 MscL-KO strain harbouring the plasmid pGEX1.1 which encodes a GST-MscL construct, was used for expression of the GST-MscL fusion protein. MscL was purified from detergent solubilized bacterial membranes, such that the solubilized GST-MscL protein was bound to glutathione coated beads followed by thrombin cleavage of the fusion protein separating the recombinant MscL from GST (Häse et al., 1995). M15 E. coli cells were transformed by the MscL-pQE32 construct containing MscL with 6xHis epitope at the C-terminus and used for expression and purification of the 6xHis-MscL employing a Ni2+-based metal-chelate chromatography resin (Perozo et al., 2002).   
Functional reconstitution of MscL channel proteins into liposomes

Recombinant MscL ion channel proteins were functionally reconstituted into phosphatidylcholine liposomes as described previously (Häse et al., 1995). Briefly, 2mg of phosphatidylcholine (Sigma) was dissolved in chloroform in a freshly cleaned glass tube. The chloroform was then evaporated and dried with a nitrogen stream for 15 minutes. The lipid was then resuspended in dehydration / rehydration (D/R) buffer (200mM KCl, 5 mM Hepes, KOH, pH7.2) to a final concentration of 10mg/ml. The solution was vortexed briefly and then sonnicated for 5 minutes to produce a clear solution prior to the addition of recombinant MscL protein (in PBS with 1% (w/v) octyl glucoside). at a protein to lipid ratio of 1:2000. The solution was then placed on a platform rocker for 1hr at room temperature to allow protein lipid interactions to occur before the addition of Bio-Beads SM-2 (Bio-Rad) for 4 hrs to remove residual detergent in the protein solution. The solution was then briefly centrifuged to remove the beads and then spun at 90,000rpm at 4oC for 30 mins (TL-100 Ultracentrifuge Beckman) to pellet the lipid. The lipid pellet was then resuspended in 40(l D/R buffer and spotted onto ethanol cleaned glass slides and dehydrated in a vacuum dessicator at 4oC for 6 hours. Individual spots were then rehydrated with 20(l D/R buffer and left overnight at 4oC to allow rehydration to occur.

Patch clamping of MscL channels expressed in liposomes

For patching experiments, 2-3(l aliquots of the liposome preparation were placed into the recording chamber (~1ml volume) containing recording solution (200mM KCl, 40mM MgCl2, 10mM Hepes, adjusted to pH 7.2 with KOH). The recording chamber was mounted onto an inverted microscope placed inside a Faraday cage. Liposome blisters were patched 10 minutes after seeding of the liposome preparation. 

Single-channel recordings were performed using non-filamented borosilicate glass micro-pipettes (Drummond Scientific Co., Broomall, PA) pulled to a tip resistance of 6-8M( using a Flaming/Brown micropipette puller (P-87 Sutter Instruments, CA). Micropipettes were filled with recording solution and positioned onto the surface of liposome blisters via a micromanipulator (Ernst Leitz Wetzlar GmbH, Wetzlar, Germany). Patch current signals were amplified and filtered (1 kHz) with an Axopatch 1D (Axon Instruments) and digitised at 5kHz with a PC using ‘PCLAMP6’ data acquisition software. Membrane patches were held at +30mV during recordings in order to provide a driving force for ionic currents. Negative pipette pressure was applied to the membrane patch via a syringe and tube system. Suction applied to the patch was measured via a piezoelectric pressure transducer (Omega, Stamford, USA) and this data were also collected by the PC. Single channel data were analysed using a combination of axoscope (Axon Instruments) and WinEDR software (John Dempster, Strathclyde University, UK). 

Exposure to static magnetic fields 

Static magnetic fields were produced by a permanent rare earth (NdFeB) cylindrical magnet (22mm x 25mm) attached to a manoeuvrable pole and micromanipulator (Narishige) in such a way that it could be moved into position with a high degree of precision. Orientation of the magnet with respect to the patch pipette is shown in Figure 1. When in the ‘On’ position, the magnet was ~15 - 20mm from the pipette tip and produced a magnetic field of ~ 80 mT. In the ‘Off’ position the magnet was ~100 – 120mm away from the pipette tip, reducing the field at the microscope stage back to the ambient field. Magnetic field strengths were measured via a hand held Gaussmeter (Figure 2). 
Fig 1 and Fig 2.

Following formation of a giga seal and excision of the patch, negative pipette pressure was applied to pre-train the patches in an attempt to prevent ‘creeping’ during experiments. Once stable channel activity was observed, recordings were commenced. Typically, the channel activity in response to pressure alone was recorded for at least 30-60 seconds before the permanent magnet was moved into position close to the end of the pipette. The magnet was typically held in position for 30-60 seconds before it was removed for a further 30-60 seconds, before again being moved into position. The effect of SMF exposure on MscL channel activity was analysed by comparing channel open probabilities and single channel kinetics for periods of at least 30 seconds immediately prior to and then during exposure to the 80mT SMF. For data analysis values shown are mean +/- standard error. Statistical analysis was performed using Student’s t-Test and Wilcoxon matched pairs signed rank.
Results
Confirmation of functional channels – comparison of different preparations

Following reconstitution into phosphatidylcholine membranes, both GST-MscL and 6xHis.MscL proteins demonstrated normal channel activity in response to negative pipette pressure. Both proteins produced currents with normal characteristics with regard to single channel conductance and pressure activation thresholds (Figures 3a and 3b). In general the activity of these channels was consistent with those described previously for MscL channels (Häse et al., 1995).
Figures 3a and 3b.
The effect of static magnetic fields on spontaneous MscL channel activity

Following the formation of a giga seal and excision of a membrane patch the effect of SMF application on the recorded baseline current was investigated.

The application of an 80mT SMF was found not to induce any spontaneous MscL channel activity in the absence of applied pipette pressure. In addition there was no effect of the magnetic field on the recorded baseline current in the absence of applied pressure (n=5 patches) (Figure 4). 

Figure 4.
The effect of static magnetic fields on pressure-induced MscL channel activity

Negative pipette pressure was applied to excised membrane patches to investigate the effect of SMFs on pressure-induced MscL channel activity. Comparisons were made of channel activity before, during and after exposure to the 80 mT SMF. 
Initial investigations (using GST-MscL protein) showed that the application of the magnetic field does have an effect on MscL channel activity recorded in the presence of activating levels of negative pipette pressure (n=5 suitable for single channel analysis, n=8 in total). In general, these experiments demonstrated that the application of an 80 mT field typically resulted in a decrease in MscL channel activity. The onset of effect was typically delayed from the onset of magnetic field exposure (5-10s) and was maintained throughout exposure to the field. In the majority of examples channel activity showed slow or limited recovery following removal of the magnetic field and responses were often reduced or abolished upon subsequent exposures (Figures 5a and 6).

Figures 5a, 5b and 6.

Figure 5a shows a single channel recording from a patch containing GST-MscL channels. Stable levels of channel activity were observed for ~60 seconds prior to the application of the magnetic field.  Following the application of the magnetic field, channel activity was markedly reduced. This can be seen clearly from visual inspection of the trace (Figure 5a and 5b) and by comparison of channel open probability (calculated open probability values (NPo) shown on the figure) during ‘on’/’off’ periods. The effect was delayed by ~5-10 seconds following application of the magnetic field (Figure 5b) and there was only limited recovery of channel activity following removal of the field. The effects of the second application of the magnetic field are far less obvious. 
More detailed analysis of this trace revealed that there was no difference in the single channel conductance of a fully open channel, yet there was a clear reduction in the number of full channel open events following magnetic field exposure (threshold used for event detection was 90pA and therefore sub-conducting states were removed from analysis). The number rises slightly when the magnetic field is removed and is again reduced on the second application of the magnetic field, and thus shows a clear correlation between the presence of the magnetic field and the number of channel openings.
Comparisons between the initial off and on phases were used for detailed single channel analysis of five replicant experiments. Of the five patches analysed in detail, four showed overall reductions in channel open probabilities over a 30 second period following the initial application of the magnetic field, based on NPo values. However, all five showed a decrease in the number of channel opening events (threshold of 90pA used for event detection analysis) over the same 30 second period (Figure 7a and 7b). Although the data sets are too small for robust statistical analysis; The changes in NPo values and the number of channel openings were found to be statistically significant (using Student’s t-Test for paired data) with a mean reduction in NPo of 24.9% (+/- 9.11%, n=5, p=0.047) and a mean reduction in the number of channel opening events of 43.2% (+/- 12.2%, n=5, p= 0.003). Comparison of data sets using Wilcoxon matched pairs signed rank, assuming samples are not equal produces p values of  0.1250 and 0.0625 respectively, although data sets are too small to attain p values of <0.05. No further trends could be established between these five experiments with regard to changes in mean open time or mean closed time (data not shown). Analysis of individual traces does, however, suggest that there are also changes in the levels of sub-conducting channel activity seen during exposure to magnetic fields.
Figures 7a and 7b.
Observed reductions of MscL channel activity in response to magnetic field exposures were found to be reduced, if not completely absent, from similar experiments conducted on liposomes or individual patches with previous exposure to the magnetic field (i.e. 2nd experiment on the same patch or new patch from a bath that has previously been exposed to the magnetic field). The majority of these ‘pre-exposed’ recordings (using GST-MscL protein) remained relatively constant and steady throughout experiments (Figure 8). There were no statistical differences in any aspect of channel activity following magnetic field exposures when data was compared for a similar series of replicant experiments (n=5) (Figure 9). 
Figures 8 and 9
A similar series of experiments (n=8 patches) was conducted using a C-terminal 6xHis tagged MscL channel protein. The results of these experiments, although less consistent than those observed with GST-MscL, revealed similar trends. Once again the application of the SMF was found to influence channel activity. Two types of response were typically found. Firstly a number of patches showed similar behaviour to that seen for GST-MscL, with clear reductions in channel events and NPo values during magnetic field exposure (data not shown). In addition, there was seemingly a greater propensity for C-term-6xHis-MscL channels to become ‘trapped open’ in response to the magnetic field, This response was seen in 3 of 8 experiments and was characterised by increased levels of sub-conducting channel activity, and increased values of mean current and open probability (as measured by NPo values) (Figure 10).
Figure 10.

Effects of magnetic field exposure on the pressure activation threshold of C-term-6His- MscL channels
In a related series of experiments, a liposome preparation was seeded into the recording chamber and a patch taken from a particular blister. Negative pipette pressure was applied and the pressure activation threshold observed during single channel recordings. The same blister was then exposed to an 80 mT SMF for 30mins prior to excising a series of further patches from approximately the same region of the blister. Following excision, negative pipette pressure was again used to initiate channel activity and determine the pressure activation thresholds. The activation threshold values obtained before and after exposure were compared. In addition, before values were also compared to values obtained from similar non-exposed preparations on different days. The non-exposed values show that the pressure activation threshold observed for MscL channels in normal untreated liposomes is relatively consistent and similar to what is expected from published reports concerning these channels (around 80mmHg – Hamill and Martinac, 2001). There was, however, a significant increase in the pressure required to activate MscL channels in the membrane patchs excised from the blister following exposure to the static magnetic field (n=4 patches). The level was relatively consistent between the four post-exposed patches and was clearly above that seen for normal liposome patches (Figures 11a and 11b). 
Figures 11a and 11b
Discussion
The results of our preliminary investigations reveal that 80 mT static magnetic fields produced by a permanent magnet are capable of influencing the activity of MscL ion channels reconstituted into artificial lipid membranes. Typically, the initial application of the magnetic field resulted in a decrease in channel open probability and a reduction in the number of channel open events. This effect was usually delayed from the onset of the magnetic field, lasted throughout exposure and showed only partial recovery following removal of the field. 

In addition, a number of experiments showed a clear tendency for channels to become trapped open in sub-conducting states during SMF exposure. It would seem therefore from these experiments that the effect of the SMF on MscL channel activity is not entirely specific and that a number of responses can be seen.
Overall our experimental results would seem to support the findings of previous work (Dobson et al., 2002; Rosen et al, 1990, 1996 and 2003, Bareus et al, 2003, Mclean et al, 1995) suggesting that moderate strength SMFs are capable of influencing ion channel activity. However, the mechanisms underlying these observations are not clear. 

Anisotropic diamagnetism has previously been suggested as a mechanism to explain the effect of moderate strength SMFs on ion channels (Rosen 1993, 2003) and this may explain our results. It is proposed that the primary effect of magnetic fields is to induce rotation and reorientation of the individual lipid molecules that comprise the lipid membrane and is not therefore dependent on any effect of the magnetic fields on ion channels themselves. In fact, theoretical evaluations have shown that fields of this magnitude are too small to affect conformational changes in ion channels due to Lorenz forces (St. Pierre & Dobson, 2000). This type of reorientation, however, could still result in indirect alterations to ion channel activity due to changes to the mechanical properties of the membrane as a whole, potentially influencing factors such as levels of tension and flexibility. 

If the results observed are due to membrane lipid orientation in the presence of the magnetic field, our results would seem to suggest that this alignment persists following the removal of the field with only limited levels of recovery observed within the time scale studied (typically 1-5 minutes). A possible explanation for this observation is that cell structures such as transmembrane proteins and the cytoskeleton, that are likely to both resist re-orientation and also provide a driving force to ‘correct’ lipid membrane alignment following removal of the magnetic field (as suggested by Rosen et al, 2003) are absent from the liposome system. It would appear that in this system there are few, if any forces, acting on the lipid membrane to drive re-orientation of lipid molecules back to the original state.  
Our results also suggest that alignment of lipid molecules is not immediate, but instead there is a characteristic time delay between onset of response and the application of the magnetic field. Similar time delays have been reported by other authors and have been explained in the context of anisotropic diamagnetism (for review see Rosen, 2003) with lipid orientation occurring relatively slowly over time until sufficient re-orientation has occurred to influence ion channel activity.
In the artificial lipid membrane system, the entire membrane is composed mostly of one type of lipid molecule. It
 is therefore likely that the artificial membrane has a greater potential to adopt a highly ordered arrangement than does a native mammalian cell membrane which contains many different lipid and non lipid molecules as well as transmembrane proteins. As a consequence of this difference in structure there is also a clear difference in the thermal properties of the two membranes, with the artificial lipid membrane existing in a more fluid state at room temperature than would a native mammalian cell membrane, and thus the acyl chains of the lipid molecules may be able to rotate and move more freely
. 
These two facts support our results showing membrane re-orientation effects at lower temperatures and within quicker time-frames than those shown by Rosen’s work. In addition, it was suggested that the involvement of the cytoskeleton may be key for the recovery processes seen by Rosen et al. However, as there is no cytoskeleton in the artificial membrane system there is no residual force acting on the membrane to either resist initial lipid movement or to drive a return back to the original configuration following removal of the magnetic field, as is the proposed case for studies conducted in mammalian cells. 

Although our experimental results show a clear effect of SMFs on MscL channel activity the data presented here does not provide any direct evidence to support the diamagnetic lipid reorientation hypothesis as a means for explaining the mechanism by which moderate SMFs influence ion channel activity. Nevertheless, ordering of membrane phospholipids by magnetic fields could affect the lateral expansion of the MscL channel area as it adopts the open state, since minute changes in bilayer thickness (~1 Å) have been shown to be sufficient to stabilize the closed or open conformation of MscL depending on the thickness of the bilayer (Hamill and Martinac, 2001; Perozo et al, 2002). Further studies will be needed to address this, however, the artificial liposome technique appears ideally suited for this type of investigation. Only ion channels and lipid molecules are present and therefore there is no risk of contamination from any cell signalling processes or cell structures, such as enzymes, second messengers or the cytoskeleton. The liposome technique also offers the opportunity to control and adjust the composition of the lipid membrane itself. By choosing a range of different lipid molecules with known levels of diamagnetic anisotropy it should be possible to investigate any correlations between magnetic susceptibility of lipid membranes and changes in ion channel activity observed in response to static magnetic field exposure.
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Figure legends.
Figure 1: Schematic representation of the magnet arm and proximity to the pipette tip during SMF exposure. Pipette and magnet were inclined by approximately 20o and 30o from the horizontal plane respectively.
Figure 2: Field strength vs. distance from magnet surface as measured by a Gaussmeter.

Figure 3a: Single channel recording of GST-MscL channels in response to changing levels of negative pipette pressure.  Note the effect of ‘creeping’. Holding voltage +30mV.

Figure 3b: Close up of single channel recording of GST-MscL channel. The trace reveals the presence of ‘normal’ open states (~100pA) and sub conducting channel states, as would be expected. Holding voltage +30mV.

Figure 4: Single channel recordings showing the effect of SMFs on spontaneous MscL activity and baseline current recorded form excised patches in the absence of applied pipette pressure (n=5). Pipette voltage was +30mV. 
Figure 5a: The effect of 800G SMF on GST.MscL activity. Values shown are NPo values calculated over 30 second periods, as indicated by horizontal bars. Horizontal lines denote magnet on / off transitions.
Figure 5b: Close-up of the first “no magnet” to “magnet” transition shown in Figure 5a.
Figure 6: Comparison of the number of ‘full’ open channel events before and during repeated magnetic field exposure for the recording shown in Figure 5a.
Figures 7a: Graph showing the effect of SMF exposure on MscL open probability (NPo) for 5 replicant experiments. Mean reduction in NPo = 24.9% (+/- 9.11%, p=0.047 using Student’s t-Test, p=0.1250 using Wilcoxon matched pairs signed rank.
Figures 7b: Graph showing the effect of SMF exposure on the number of 90pA channel open events for 5 replicant experiments. Number of events counted over 30 second periods. Mean reduction = 43.2% (+/- 12.2%, p= 0.003 using Student’s t-Test, p=0.0625 using Wilcoxon matched pairs signed rank.
Figure 8: Single channel trace showing the effect of 800G SMF on MscL activity recorded from a patch with previous exposure to the SMF. Values shown are NPo values calculated over 30 second periods. 
Figure 9: Graph showing the effect of initial SMF exposure on NPo values recorded from 5 replicant experiments conducted on patches with previous exposure to the SMF. NPo values calculated over 30 second periods. The mean change observed of +10.2% (+/- 6.27%) was not statistically significant (p=0.9043 using Student’s t-Test, p=0.3125 using Wilcoxon matched pairs signed rank.
Figure 10: Single channel recording showing the effect of SMF exposure on 6xHis-MscL channels. Note the distinct changes in channel gating and prevalence of sub-conducting channel states following SMF exposure. Values shown are NPo values calculated over a 30 sec period. 

Figure 11a: Graph showing the effect of prolonged SMF exposure (30 min) on the pressure activation thresholds observed for MscL channels in normal patches and those excised from a blister following prolonged exposure to the SMF. The highlighted blue bar represents a patch excised from the same blister prior to SMF exposure.
Figure 11b: Single channel recording from a patch excised from a liposome blister following a 30 min exposure to the SMF. Note the pressure required to elicit channel activity (~135mmHg) is increased from that seen in normal unexposed patches. 
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		No. open events		1284		275		280		450						No. open events		617		318						No. open events		2473		875		1488		1638						Event range		1-2669		1-2300		1-3201		1-1739						Mean open time (s)		0.005511		0.0051				Mean open time (s)		0.2846		1.551

		Mean closed time (s)		0.01789		0.108		0.1048		0.06492						Mean closed time (s)		0.03948		0.08555						Mean closed time (s)		0.006551		0.0309		0.01388		0.007684						Mean open time (s)		0.004928		0.00726		0.005531		0.03366						No. open events		1476		1142				No. open events		93		13

		No. closed events		1283		274		279		449						No. closed events		616		317						No. closed events		2473		874		1488		1638						No. open events		1335		1150		1601		869						Mean closed time (s)		0.01479		0.01916				Mean closed time (s)		0.1125		0.01565

		P.open		0.08092		0.01238		0.01675		0.02349						P.open		0.1884		0.09044						P.open		0.4576		0.09786		0.3107		0.5803						Mean closed time (s)		0.01743		0.01854		0.01304		0.000744						No. closed events		1475		1141				No. closed events		94		14

		Mean burst duration (s)		0.001575		0.001354		0.001785		0.001562						Mean burst duration (s)		0.009166		0.008506						Mean burst duration (s)		0.005527		0.003353		0.006256		0.01062						No. closed events		1334		1150		1600		870						P.open		0.2716		0.2104				P.open		0.7146		0.9893

		No. of bursts		1283		274		279		449						No. of bursts		616		317						No. of bursts		2473		874		1488		1638						P.open		0.2206		0.2814		0.298		0.9784						Mean burst duration (s)		0.005515		0.005105				Mean burst duration (s)		0.2816		1.44

		Mean no. of openings per burst		1.001		1.004		1.004		1.002						Mean no. of openings per burst		1.002		1.003						Mean no. of openings per burst		1		1.001		1		1						Mean burst duration (s)		0.004932		0.00726		0.005535		0.03362						No. of bursts		1475		1141				No. of bursts		94		14

		Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						No. of bursts		1334		1150		1600		870						Mean no. of openings per burst		1.001		1.001				Mean no. of openings per burst		0.9894		0.9286

		Mean closed time between bursts (s)		0.01789		0.108		0.1048		0.06492						Mean closed time between bursts (s)		0.03948		0.08555						Mean closed time between bursts (s)		0.006551		0.0309		0.01388		0.007684						Mean no. of openings per burst		1.001		1		1.001		0.9989						Mean closed time within burst (s)		0		0				Mean closed time within burst (s)		0		0

		P.open (within burst)		1		1		1		1						P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						Mean closed time within burst (s)		0		0		0		0						Mean closed time between bursts (s)		0.01479		0.01916				Mean closed time between bursts (s)		0.1125		0.01565

																																								Mean closed time between bursts (s)		0.01743		0.01854		0.01304		0.000744						P.open (within burst)		1		1				P.open (within burst)		1		1

																																								P.open (within burst)		1		1		1		1

																										File		at 100pa, 100%

																										Comment		Mscl, press-20, P+M-50, P-120, P+M-200, P-250

																										Event range		1-3175

																										Mean open time (s)		0.002095

																										No. open events		1588

																										Mean closed time (s)		0.01668

																										No. closed events		1587

																										P.open		0.1116

																										Mean burst duration (s)		0.002096

																										No. of bursts		1587

																										Mean no. of openings per burst		1.001

																										Mean closed time within burst (s)		0

																										Mean closed time between bursts (s)		0.01668

																										P.open (within burst)		1





GST 1st exposure

		0		1

		0

		0

		0



Number of 90pA open channel events



GST previous exposure

		

		GST following previous exposure to magnetic fields

																4226014 only 1 event at 90pA

		Dwell time summary results														Dwell time summary results														Dwell time summary results														Dwell time summary results												Dwell time summary results

		File		4226013 at 90pA												File		4226014 at 60pA												File		4226016 at 60pA												File		4226017 at 60pA										File		4303005 at 90 pA

		Comment		10-40 scs no mag		50-80 secs with mag		90-120 sec		130-160 with mag						Comment		10-40secs no mag at 60pA		50-80 secs with mag		90-120 secs no mag		120-150 with mag						Comment		0-16 sec no mag		18-34 secs with mag		34-50 no mag		50-66 secs with mag						Comment		0-16		18-34 secs with mag		32-48		48-64				Comment		10-40 sec no mag at 90pA		50-80 secs with mag

		Event range		1-1897		1-4691		1-841		1-119						Event range		1-201		1-447		1-131		1-257						Event range		1-35		1-349		1-1191		1-1071						Event range		1-345		1-377		1-435		1-509				Event range		1-939		1-2421

		Mean open time (s)		0.002168		0.004745		0.002061		0.000567						Mean open time (s)		0.0002197		0.0004186		0.0001641		0.000325						Mean open time (s)		0.0003258		0.0005047		0.001382		0.0009315						Mean open time (s)		0.003978		0.001683		0.006983		0.003682				Mean open time (s)		0.01216		0.009348

		No. open events		949		2346		421		60						No. open events		101		224		66		129						No. open events		18		175		596		536						No. open events		173		189		218		255				No. open events		470		1211

		Mean closed time (s)		0.0294		0.008036		0.06736		0.4634						Mean closed time (s)		0.2962		0.1324		0.4509		0.2148						Mean closed time (s)		0.9292		0.06595		0.0245		0.02835						Mean closed time (s)		0.08848		0.08263		0.06523		0.05802				Mean closed time (s)		0.0517		0.01542

		No. closed events		948		2345		420		59						No. closed events		100		223		65		128						No. closed events		17		174		595		535						No. closed events		172		188		217		254				No. closed events		469		1210

		P.open		0.06877		0.3713		0.02975		0.001243						P.open		0.0007487		0.003167		0.0003694		0.001523						P.open		0.0003711		0.007639		0.05348		0.03187						P.open		0.04327		0.02007		0.0971		0.0599				P.open		0.1907		0.3775

		Mean burst duration (s)		0.002171		0.004747		0.002066		0.0005766						Mean burst duration (s)		0.0002219		0.0004205		0.0001666		0.0003276						Mean burst duration (s)		0.000345		0.0005076		0.001384		0.0009332						Mean burst duration (s)		0.004001		0.001692		0.007015		0.003697				Mean burst duration (s)		0.01218		0.009355

		No. of bursts		948		2345		420		59						No. of bursts		100		223		65		128						No. of bursts		17		174		595		535						No. of bursts		172		188		217		254				No. of bursts		469		1210

		Mean no. of openings per burst		1.001		1		1.002		1.017						Mean no. of openings per burst		1.01		1.004		1.015		1.008						Mean no. of openings per burst		1.059		1.006		1.002		1.002						Mean no. of openings per burst		1.006		1.005		1.005		1.004				Mean no. of openings per burst		1.002		1.001

		Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.0294		0.008036		0.06736		0.4634						Mean closed time between bursts (s)		0.2962		0.1324		0.4509		0.2148						Mean closed time between bursts (s)		0.9292		0.06595		0.0245		0.02835						Mean closed time between bursts (s)		0.08848		0.08263		0.06523		0.05802				Mean closed time between bursts (s)		0.0517		0.01542

		P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1				P.open (within burst)		1		1

		File		4226013 at 40pA												File		4226014 at 40pA												File		4226016 at 40pA												File		4226017 at 40pA										File		4303005 at 40 pA

		Comment		10-40 secs at 40pA		50-80		90-120 secs		130-160						Comment		10-40secs no mag at 40pA		50-80 secs with mag at 40pA		90-120 secs no mag		120-150 with mag						Comment		0-16 sec no mag		18-34 secs with mag		34-50 no mag		50-66 secs with mag						Comment		0-16		18-34 secs with mag		32-48		48-64				Comment		10-40 sec no mag at 90pA		50 -8 secs with mag

		Event range		1-4691		1-3281		1-3404		1-3739						Event range		1-517		1-447		1-1621		1-1643						Event range		1-1289		1-349		1-1059		1-1025						Event range		1-323		1-397		1-425		1-387				Event range		1-743		1-1635

		Mean open time (s)		0.004745		0.01199		0.00423		0.004067						Mean open time (s)		0.002773		0.0004186		0.001007		0.001276						Mean open time (s)		0.0009115		0.0005047		0.004153		0.003601						Mean open time (s)		0.004941		0.002099		0.007623		0.0056				Mean open time (s)		0.01745		0.01505

		No. open events		2346		1640		1702		1870						No. open events		259		224		811		822						No. open events		645		175		530		513						No. open events		162		199		213		194				No. open events		372		818

		Mean closed time (s)		0.008036		0.006271		0.01333		0.01197						Mean closed time (s)		0.1128		0.1324		0.03588		0.03515						Mean closed time (s)		0.02384		0.06595		0.02595		0.02758						Mean closed time (s)		0.09419		0.07796		0.06629		0.0756				Mean closed time (s)		0.06326		0.02163

		No. closed events		2345		1641		1702		1869						No. closed events		258		223		810		821						No. closed events		644		174		529		512						No. closed events		161		198		212		193				No. closed events		371		817

		P.open		0.3713		0.6566		0.2408		0.2537						P.open		0.02408		0.003167		0.02735		0.03506						P.open		0.03688		0.007639		0.1382		0.1157						P.open		0.05014		0.02634		0.1036		0.0693				P.open		0.2167		0.4105

		Mean burst duration (s)		0.004747		0.01199		0.00423		0.004069						Mean burst duration (s)		0.002784		0.0004205		0.001009		0.001277						Mean burst duration (s)		0.0009129		0.0005076		0.004161		0.003608						Mean burst duration (s)		0.004972		0.002109		0.007659		0.005629				Mean burst duration (s)		0.0175		0.01507

		No. of bursts		2345		1641		1702		1869						No. of bursts		258		223		810		821						No. of bursts		644		174		529		512						No. of bursts		161		198		212		193				No. of bursts		371		817

		Mean no. of openings per burst		1		0.9994		1		1.001						Mean no. of openings per burst		1.004		1.004		1.001		1.001						Mean no. of openings per burst		1.002		1.006		1.002		1.002						Mean no. of openings per burst		1.006		1.005		1.005		1.005				Mean no. of openings per burst		1.003		1.001

		Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.008036		0.006271		0.01333		0.01197						Mean closed time between bursts (s)		0.1128		0.1324		0.03588		0.03515						Mean closed time between bursts (s)		0.02384		0.06595		0.02595		0.02758						Mean closed time between bursts (s)		0.09419		0.07796		0.06629		0.0756				Mean closed time between bursts (s)		0.06326		0.02163

		P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1				P.open (within burst)		1		1





Mag prep 11st exp

		

		Dwell time summary results								Dwell time summary results										Dwell time summary results

		File		4304002 at 90pA						File		4304009 at 90 pA								File		4304010 at 90 pA

		Comment		10-40seccs		40-70				Comment		0-40 secs		40-80 secs with mag						Comment		20-40secs		40-60 secs with mag

		Event range		1-2889		1-2497				Event range		1-672		1-485						Event range		1-1757		1-6300

		Mean open time (s)		0.001732		0.003753				Mean open time (s)		0.04545		0.0678						Mean open time (s)		0.002548		0.003208

		No. open events		1445		1249				No. open events		336		243						No. open events		879		3150

		Mean closed time (s)		0.0187		0.01824				Mean closed time (s)		0.04146		0.06591						Mean closed time (s)		0.02007		0.003126

		No. closed events		1444		1248				No. closed events		336		242						No. closed events		878		3150

		P.open		0.0848		0.1708				P.open		0.5229		0.5081						P.open		0.1128		0.5065

		Mean burst duration (s)		0.001733		0.003756				Mean burst duration (s)		0.04545		0.06808						Mean burst duration (s)		0.002551		0.003208

		No. of bursts		1444		1248				No. of bursts		336		242						No. of bursts		878		3150

		Mean no. of openings per burst		1.001		1.001				Mean no. of openings per burst		1		1.004						Mean no. of openings per burst		1.001		1

		Mean closed time within burst (s)		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.0187		0.01824				Mean closed time between bursts (s)		0.04146		0.06591						Mean closed time between bursts (s)		0.02007		0.003126

		P.open (within burst)		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1

		File		4304002 at 40pA						File		4304009 at 40 pA								File		4304010 at 40 pA

		Comment		10-40seccs		40-70				Comment		0-40 secs		40-80 secs with mag						Comment		20-40secs		40-60 secs with mag

		Event range		1-2951		1-2283				Event range		1-187		1-27						Event range		1-1554		1-1616

		Mean open time (s)		0.005511		0.0051				Mean open time (s)		0.2846		1.551						Mean open time (s)		0.003898		0.01905

		No. open events		1476		1142				No. open events		93		13						No. open events		777		808

		Mean closed time (s)		0.01479		0.01916				Mean closed time (s)		0.1125		0.01565						Mean closed time (s)		0.02181		0.005643

		No. closed events		1475		1141				No. closed events		94		14						No. closed events		777		808

		P.open		0.2716		0.2104				P.open		0.7146		0.9893						P.open		0.1516		0.7715

		Mean burst duration (s)		0.005515		0.005105				Mean burst duration (s)		0.2816		1.44						Mean burst duration (s)		0.003898		0.01905

		No. of bursts		1475		1141				No. of bursts		94		14						No. of bursts		777		808

		Mean no. of openings per burst		1.001		1.001				Mean no. of openings per burst		0.9894		0.9286						Mean no. of openings per burst		1		1

		Mean closed time within burst (s)		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.01479		0.01916				Mean closed time between bursts (s)		0.1125		0.01565						Mean closed time between bursts (s)		0.02181		0.005643

		P.open (within burst)		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1





Mag prep pre-exposed

		

		Dwell time summary results

		File		4304004 at 90pa

		Comment		10-40secs		50-80 sec with mag		130-170 no mag		260-290 with mag

		Event range		1-5301		1-4345		1-8761		1-23

		Mean open time (s)		0.001226		0.001043		0.0009411		0.0004241

		No. open events		2651		2173		4381		12

		Mean closed time (s)		0.01003		0.01262		0.005842		2.343

		No. closed events		2650		2172		4380		11

		P.open		0.109		0.0764		0.1388		0.0001975

		Mean burst duration (s)		0.001227		0.001044		0.0009413		0.0004627

		No. of bursts		2650		2172		4380		11

		Mean no. of openings per burst		1		1		1		1.091

		Mean closed time within burst (s)		0		0		0		0

		Mean closed time between bursts (s)		0.01003		0.01262		0.005842		2.343

		P.open (within burst)		1		1		1		1

		File		4304004 at 40pa

		Comment		10-40secs		50-80 sec with mag		130-170 no mag		260-290 with mag

		Event range		1-2669		1-2300		1-3201		1-1739

		Mean open time (s)		0.004928		0.00726		0.005531		0.03366

		No. open events		1335		1150		1601		869

		Mean closed time (s)		0.01743		0.01854		0.01304		0.000744

		No. closed events		1334		1150		1600		870

		P.open		0.2206		0.2814		0.298		0.9784

		Mean burst duration (s)		0.004932		0.00726		0.005535		0.03362

		No. of bursts		1334		1150		1600		870

		Mean no. of openings per burst		1.001		1		1.001		0.9989

		Mean closed time within burst (s)		0		0		0		0

		Mean closed time between bursts (s)		0.01743		0.01854		0.01304		0.000744

		P.open (within burst)		1		1		1		1





6His.MscL 1st exp

		

		Dwell time summary results												Dwell time summary results										Dwell time summary results														Dwell time summary results										Dwell time summary results												Dwell time summary results										Dwell time summary results														Dwell time summary results

		File		4305003										File		4310001 at 90pA								File		4310012 at 90pA												File		4311001 at 90pA								File		4311003 at 90 pA										File		4316004 at 90pA								File		4318002 at 115 pA												File		4325017 at 115pA

		Comment		10-40 secs		50-80 secs		90-120 secs		130-160 secs				Comment		10-40 secs		50-80 secs with mag						Comment		10-40 secs		50-80 secs with magnet		90-120 secs		130-160 secs with mag						Comment		10-40 secs		50-80 sec with mag						Comment		20-80 secs		90-150 secs with mag		170-230 secs		260-320 secs				Comment		15-40 secs no mag		45-70 sces with mag						Comment		10-40 secs no mag		50-80 secs with mag		90-120 secs no mag		130-160 secs no mag						Comment		10-40 secs no mag		50-80 secs with mag

		Event range		1-2839		1-1356		1-466		1-2925				Event range		1-1415		1-2999						Event range		1-1517		1-3824		1-6563		1-6563						Event range		1-715		1-1449						Event range		1-3175		1-1183		1-935		1-719				Event range		1-1265		1-1522						Event range		1-245		1-313		1-567		1-593						Event range		1-555		1-7633

		Mean open time (s)		0.008801		0.03167		0.07949		0.01832				Mean open time (s)		0.001775		0.001787						Mean open time (s)		0.001559		0.006671		0.001728		0.002269						Mean open time (s)		0.006741		0.007504						Mean open time (s)		0.001664		0.001764		0.001715		0.001847				Mean open time (s)		0.02169		0.01593						Mean open time (s)		0.002053		0.003797		0.003871		0.003702						Mean open time (s)		0.002846		0.0008013

		No. open events		1420		678		233		1462				No. open events		708		1500						No. open events		759		1912		3281		3282						No. open events		358		725						No. open events		1588		592		468		360				No. open events		633		761						No. open events		123		157		284		297						No. open events		278		3817

		Mean closed time (s)		0.01225		0.01215		0.03897		0.001973				Mean closed time (s)		0.04053		0.0182						Mean closed time (s)		0.03797		0.008974		0.007411		0.006868						Mean closed time (s)		0.07692		0.03349						Mean closed time (s)		0.035		0.09849		0.1265		0.1641				Mean closed time (s)		0.01764		0.01636						Mean closed time (s)		0.239		0.1824		0.1012		0.09708						Mean closed time (s)		0.1041		0.007056

		No. closed events		1419		678		233		1463				No. closed events		707		1499						No. closed events		758		1912		3282		3281						No. closed events		357		724						No. closed events		1587		591		467		359				No. closed events		632		761						No. closed events		122		156		283		296						No. closed events		277		3816

		P.open		0.4182		0.7227		0.671		0.9027				P.open		0.04201		0.08945						P.open		0.03949		0.4264		0.189		0.2484						P.open		0.08078		0.1832						P.open		0.04542		0.01762		0.0134		0.01116				P.open		0.5519		0.4934						P.open		0.008586		0.02053		0.03698		0.03685						P.open		0.0267		0.102

		Mean burst duration (s)		0.008807		0.03167		0.07949		0.01831				Mean burst duration (s)		0.001777		0.001788						Mean burst duration (s)		0.001561		0.006671		0.001727		0.00227						Mean burst duration (s)		0.00676		0.007514						Mean burst duration (s)		0.001665		0.001767		0.001719		0.001852				Mean burst duration (s)		0.02172		0.01593						Mean burst duration (s)		0.00207		0.003822		0.003885		0.003714						Mean burst duration (s)		0.002856		0.0008015

		No. of bursts		1419		678		233		1463				No. of bursts		707		1499						No. of bursts		758		1912		3282		3281						No. of bursts		357		724						No. of bursts		1587		591		467		359				No. of bursts		632		761						No. of bursts		122		156		283		296						No. of bursts		277		3816

		Mean no. of openings per burst		1.001		1		1		0.9993				Mean no. of openings per burst		1.001		1.001						Mean no. of openings per burst		1.001		1		0.9997		1						Mean no. of openings per burst		1.003		1.001						Mean no. of openings per burst		1.001		1.002		1.002		1.003				Mean no. of openings per burst		1.002		1						Mean no. of openings per burst		1.008		1.006		1.004		1.003						Mean no. of openings per burst		1.004		1

		Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.01225		0.01215		0.03897		0.001973				Mean closed time between bursts (s)		0.04053		0.0182						Mean closed time between bursts (s)		0.03797		0.008974		0.007411		0.006868						Mean closed time between bursts (s)		0.07692		0.03349						Mean closed time between bursts (s)		0.035		0.09849		0.1265		0.1641				Mean closed time between bursts (s)		0.01764		0.01636						Mean closed time between bursts (s)		0.239		0.1824		0.1012		0.09708						Mean closed time between bursts (s)		0.1041		0.007056

		P.open (within burst)		1		1		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1						P.open (within burst)		1		1		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1

		File		4305003										File		4310001 at 40pA								File		4310012 at 40pA												File		4311001 at 40pA								File		4311003 at 40 pA										File		4316004 at 40pA								File		4318002 at 40 pA												File		4325017 at 40pA

		Comment		10-40 secs		50-80 secs		90-120 secs		130-160 secs				Comment		10-40 secs		50-80 secs with mag						Comment		10-40 secs		50-80 secs with magnet		90-120 secs		130-160 secs with mag						Comment		10-40 secs		50-80 sec with mag						Comment		20-80 secs		90-150 secs with mag		170-230 secs		260-320 secs				Comment		15-40 secs no mag		45-70 sces with mag						Comment		10-40 secs no mag		50-80 secs with mag		90-120 secs no mag		130-160 secs no mag						Comment		10-40 secs no mag		50-80 secs with mag

		Event range		1-859		1-567		1-517		1-2925				Event range		1-1823		1-3823						Event range		1-2251		1-2043		1-4009		1-4329						Event range		1-2637		1-1107						Event range		1-2145		1-863		1-747		1-709				Event range		1-646		1-406						Event range		1-321		1-359		1-467		1-713						Event range		1-873		1-1274

		Mean open time (s)		0.03079		0.09781		0.08212		0.01832				Mean open time (s)		0.002063		0.002229						Mean open time (s)		0.001632		0.01751		0.007242		0.005531						Mean open time (s)		0.002726		0.0108						Mean open time (s)		0.003549		0.003393		0.00307		0.002569				Mean open time (s)		0.0423		0.06273						Mean open time (s)		0.0029		0.004235		0.005936		0.004618						Mean open time (s)		0.002361		0.04277

		No. open events		430		283		258		1462				No. open events		912		1912						No. open events		1126		1021		2004		2165						No. open events		1319		554						No. open events		1073		432		374		355				No. open events		323		203						No. open events		161		180		234		357						No. open events		437		637

		Mean closed time (s)		0.0388		0.003874		0.000803		0.001973				Mean closed time (s)		0.03085		0.01345						Mean closed time (s)		0.02501		0.01173		0.007706		0.008322						Mean closed time (s)		0.01994		0.04286						Mean closed time (s)		0.05198		0.135		0.1575		0.1657				Mean closed time (s)		0.03043		0.05609						Mean closed time (s)		0.1809		0.1615		0.1216		0.07929						Mean closed time (s)		0.06582		0.004301

		No. closed events		429		284		259		1463				No. closed events		911		1911						No. closed events		1125		1022		2005		2164						No. closed events		1318		553						No. closed events		1072		431		373		354				No. closed events		323		203						No. closed events		160		179		233		356						No. closed events		436		637

		P.open		0.443		0.9618		0.9903		0.9027				P.open		0.06274		0.1422						P.open		0.0613		0.5987		0.4844		0.3993						P.open		0.1204		0.2016						P.open		0.06397		0.02457		0.01917		0.01531				P.open		0.5816		0.5279						P.open		0.01588		0.02569		0.04672		0.05518						P.open		0.03471		0.9086

		Mean burst duration (s)		0.03086		0.09746		0.0818		0.01831				Mean burst duration (s)		0.002065		0.002231						Mean burst duration (s)		0.001633		0.0175		0.007239		0.005533						Mean burst duration (s)		0.002728		0.01082						Mean burst duration (s)		0.003553		0.003401		0.003078		0.002576				Mean burst duration (s)		0.0423		0.06273						Mean burst duration (s)		0.002918		0.004259		0.005961		0.004631						Mean burst duration (s)		0.002367		0.04277

		No. of bursts		429		284		259		1463				No. of bursts		911		1911						No. of bursts		1125		1022		2005		2164						No. of bursts		1318		553						No. of bursts		1072		431		373		354				No. of bursts		323		203						No. of bursts		160		179		233		356						No. of bursts		436		637

		Mean no. of openings per burst		1.002		0.9965		0.9961		0.9993				Mean no. of openings per burst		1.001		1.001						Mean no. of openings per burst		1.001		0.999		0.9995		1						Mean no. of openings per burst		1.001		1.002						Mean no. of openings per burst		1.001		1.002		1.003		1.003				Mean no. of openings per burst		1		1						Mean no. of openings per burst		1.006		1.006		1.004		1.003						Mean no. of openings per burst		1.002		1

		Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.0388		0.003874		0.000803		0.001973				Mean closed time between bursts (s)		0.03085		0.01345						Mean closed time between bursts (s)		0.02501		0.01173		0.007706		0.008322						Mean closed time between bursts (s)		0.01994		0.04286						Mean closed time between bursts (s)		0.05198		0.135		0.1575		0.1657				Mean closed time between bursts (s)		0.03043		0.05609						Mean closed time between bursts (s)		0.1809		0.1615		0.1216		0.07929						Mean closed time between bursts (s)		0.06582		0.004301

		P.open (within burst)		1		1		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1						P.open (within burst)		1		1		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1





6His Mscl pre exposed

		

		Dwell time summary results														Dwell time summary results												Dwell time summary results										Dwell time summary results														Dwell time summary results

		File		4325019 at 115pA												File		4310003 at 90pA										File		4310004 at 90pA								File		4311004 at 100pA												File		4316002

		Comment		10-40 secs		50-80 secs with mag		90-120 secs		130-160 with mag						Comment		10-40 secs		50-80 secs with mag		90-120 secs		130-160 secs				Comment		60-160 secs no mag		180-280 secs with mag						Comment		10-40 secs no mag		50-80 secs with mag		90-120 secs with mag		130-160 secs no mag						Comment		10-40 secs no mag		50-80 secs with mag

		Event range		1-1595		1-1871		1-7581		1-4589						Event range		1-4204		1-4267		1-4495		1-9695				Event range		1-12038		1-12186						Event range		1-3722		1-3755		1-1488		1-996						Event range		1-1431		1-716

		Mean open time (s)		0.004516		0.004245		0.00152		0.002996						Mean open time (s)		0.002892		0.003167		0.003366		0.00268				Mean open time (s)		0.002384		0.002472						Mean open time (s)		0.002955		0.004689		0.02086		0.03268						Mean open time (s)		0.005629		0.007833

		No. open events		798		936		3791		2295						No. open events		2102		2134		2248		4847				No. open events		6019		6093						No. open events		1861		1878		744		498						No. open events		716		358

		Mean closed time (s)		0.03286		0.02778		0.006386		0.01008						Mean closed time (s)		0.01138		0.01087		0.009982		0.003508				Mean closed time (s)		0.01422		0.01394						Mean closed time (s)		0.01316		0.01123		0.01939		0.02686						Mean closed time (s)		0.03478		0.07573

		No. closed events		797		935		3790		2294						No. closed events		2102		2133		2247		4848				No. closed events		6019		6093						No. closed events		1861		1877		744		498						No. closed events		715		358

		P.open		0.121		0.1327		0.1923		0.2293						P.open		0.2027		0.2258		0.2522		0.433				P.open		0.1436		0.1506						P.open		0.1834		0.2947		0.5183		0.5489						P.open		0.1395		0.09373

		Mean burst duration (s)		0.004522		0.004249		0.001521		0.002997						Mean burst duration (s)		0.002892		0.003169		0.003367		0.002679				Mean burst duration (s)		0.002384		0.002472						Mean burst duration (s)		0.002955		0.004692		0.02086		0.03268						Mean burst duration (s)		0.005637		0.007833

		No. of bursts		797		935		3790		2294						No. of bursts		2102		2133		2247		4848				No. of bursts		6019		6093						No. of bursts		1861		1877		744		498						No. of bursts		715		358

		Mean no. of openings per burst		1.001		1.001		1		1						Mean no. of openings per burst		1		1		1		0.9998				Mean no. of openings per burst		1		1						Mean no. of openings per burst		1		1.001		1		1						Mean no. of openings per burst		1.001		1

		Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.03286		0.02778		0.006386		0.01008						Mean closed time between bursts (s)		0.01138		0.01087		0.009982		0.003508				Mean closed time between bursts (s)		0.01422		0.01394						Mean closed time between bursts (s)		0.01316		0.01123		0.01939		0.02686						Mean closed time between bursts (s)		0.03478		0.07573

		P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1

		File		4325019 at 40pA												File		4310003 at 40pA										File		4310004 at 40pA								File		4311004 at 40PA												File		4316002 at 40pA

		Comment		10-40 secs		50-80 secs with mag		90-120 secs		130-160 with mag						Comment		10-40 secs		50-80 secs with mag		90-120 secs		130-160 secs				Comment		60-160 secs no mag		180-280 secs with mag						Comment		10-40 secs no mag		50-80 secs with mag		90-120 secs with mag		130-160 secs no mag						Comment		10-40 secs no mag		50-80 secs with mag

		Event range		1-2015		1-2587		1-82		1-1614						Event range		1-4532		1-4439		1-4879		1-549				Event range		1-11840		1-11052						Event range		1-2408		1-1812		1-906		1-334						Event range		1-819		1-704

		Mean open time (s)		0.004385		0.003762		0.6262		0.02006						Mean open time (s)		0.003386		0.003777		0.003822		0.1085				Mean open time (s)		0.00352		0.003635						Mean open time (s)		0.005522		0.01218		0.03499		0.1383						Mean open time (s)		0.01226		0.008812

		No. open events		1008		1294		41		807						No. open events		2266		2220		2440		274				No. open events		5920		5526						No. open events		1204		906		453		167						No. open events		410		352

		Mean closed time (s)		0.02539		0.01939		0.00642		0.01458						Mean closed time (s)		0.009851		0.009721		0.008475		0.0006584				Mean closed time (s)		0.01336		0.01445						Mean closed time (s)		0.01938		0.02081		0.03106		0.02335						Mean closed time (s)		0.06013		0.07618

		No. closed events		1007		1293		41		807						No. closed events		2266		2219		2439		275				No. closed events		5920		5526						No. closed events		1204		906		453		167						No. closed events		409		352

		P.open		0.1474		0.1626		0.9899		0.579						P.open		0.2558		0.2799		0.3109		0.9939				P.open		0.2085		0.201						P.open		0.2218		0.3692		0.5297		0.8555						P.open		0.1697		0.1037

		Mean burst duration (s)		0.004389		0.003765		0.6262		0.02006						Mean burst duration (s)		0.003386		0.003779		0.003823		0.1081				Mean burst duration (s)		0.00352		0.003635						Mean burst duration (s)		0.005522		0.01218		0.03499		0.1383						Mean burst duration (s)		0.01229		0.008812

		No. of bursts		1007		1293		41		807						No. of bursts		2266		2219		2439		275				No. of bursts		5920		5526						No. of bursts		1204		906		453		167						No. of bursts		409		352

		Mean no. of openings per burst		1.001		1.001		1		1						Mean no. of openings per burst		1		1		1		0.9964				Mean no. of openings per burst		1		1						Mean no. of openings per burst		1		1		1		1						Mean no. of openings per burst		1.002		1

		Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0

		Mean closed time between bursts (s)		0.02539		0.01939		0.00642		0.01458						Mean closed time between bursts (s)		0.009851		0.009721		0.008475		0.0006584				Mean closed time between bursts (s)		0.01336		0.01445						Mean closed time between bursts (s)		0.01938		0.02081		0.03106		0.02335						Mean closed time between bursts (s)		0.06013		0.07618

		P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1				P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1

																												File		4310004 at 180pA								File		4311004 at 180pA												File		4316002 at 180pA

																												Comment		60-160 secs no mag		180-280 secs with mag						Comment		10-40 secs no mag		50-80 secs with mag		90-120 secs with mag		130-160 secs no mag						Comment		10-40 secs no mag		50-80 secs with mag

																												Event range		1-1565		1-1741						Event range		1-471		1-671		1-627		1-996						Event range		1-69		1-92

																												Mean open time (s)		0.001446		0.001537						Mean open time (s)		0.002684		0.004762		0.01239		0.03268						Mean open time (s)		0.004581		0.003806

																												No. open events		783		871						No. open events		236		336		314		498						No. open events		35		46

																												Mean closed time (s)		0.1248		0.1128						Mean closed time (s)		0.1248		0.0843		0.08287		0.02686						Mean closed time (s)		0.673		0.2352

																												No. closed events		782		870						No. closed events		235		335		313		498						No. closed events		34		46

																												P.open		0.01147		0.01346						P.open		0.02115		0.05362		0.1304		0.5489						P.open		0.006958		0.01592

																												Mean burst duration (s)		0.001448		0.001538						Mean burst duration (s)		0.002696		0.004777		0.01243		0.03268						Mean burst duration (s)		0.004716		0.003806

																												No. of bursts		782		870						No. of bursts		235		335		313		498						No. of bursts		34		46

																												Mean no. of openings per burst		1.001		1.001						Mean no. of openings per burst		1.004		1.003		1.003		1						Mean no. of openings per burst		1.029		1

																												Mean closed time within burst (s)		0		0						Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0

																												Mean closed time between bursts (s)		0.1248		0.1128						Mean closed time between bursts (s)		0.1248		0.0843		0.08287		0.02686						Mean closed time between bursts (s)		0.673		0.2352

																												P.open (within burst)		1		1						P.open (within burst)		1		1		1		1						P.open (within burst)		1		1





His.MscL with ab beads

		

		6His MscL with ab coated beads and magnet applied

		Dwell time summary results												Dwell time summary results														Dwell time summary results

		File		4310006 at 90pA										File		4310007 at 90pA						Still no mag						File		4323004 at 90pA

		Comment		10-60secs no ma6		100-150sec with magnet		160-210 sec no mag		260-310				Comment		10-40 sec no mag		80-110 with mag		140-170 with no mag		200-230secs no mag						Comment		20-50sec no mag		100-130secs with mag		160-190 no mag		250-280 with mag

		Event range		1-1615		1-869		1-757		1-821				Event range		1-685		1-353		1-334		1-758						Event range		1-153		1-263		1-132		1-309

		Mean open time (s)		0.002817		0.002577		0.002297		0.002538				Mean open time (s)		0.0117		0.01628		0.01937		0.01591						Mean open time (s)		0.02232		0.02508		0.04052		0.08904

		No. open events		808		435		379		411				No. open events		343		177		167		379						No. open events		77		132		66		154

		Mean closed time (s)		0.05724		0.1119		0.1264		0.1171				Mean closed time (s)		0.07495		0.1477		0.1598		0.06314						Mean closed time (s)		0.3707		0.2009		0.385		0.1021

		No. closed events		807		434		378		410				No. closed events		342		176		167		379						No. closed events		76		131		66		155

		P.open		0.04696		0.02257		0.0179		0.02126				P.open		0.1354		0.09975		0.1081		0.2012						P.open		0.05749		0.1117		0.09523		0.4642

		Mean burst duration (s)		0.00282		0.002582		0.002304		0.002544				Mean burst duration (s)		0.01174		0.01637		0.01937		0.01591						Mean burst duration (s)		0.02261		0.02527		0.04052		0.08847

		No. of bursts		807		434		378		410				No. of bursts		342		176		167		379						No. of bursts		76		131		66		155

		Mean no. of openings per burst		1.001		1.002		1.003		1.002				Mean no. of openings per burst		1.003		1.006		1		1						Mean no. of openings per burst		1.013		1.008		1		0.9935

		Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0

		Mean closed time between bursts (s)		0.05724		0.1119		0.1264		0.1171				Mean closed time between bursts (s)		0.07495		0.1477		0.1598		0.06314						Mean closed time between bursts (s)		0.3707		0.2009		0.385		0.1021

		P.open (within burst)		1		1		1		1				P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1

		File		4310006 at 40pA										File														File

		Comment		10-60secs no ma6		100-150sec with magnet		160-210 sec no mag		260-310				Comment														Comment

		Event range		1-1435		1-867		1-865		1-865				Event range		1-503		1-235		1-240		1-516						Event range		1-165		1-277		1-146		1-273

		Mean open time (s)		0.006774		0.003315		0.002721		0.00311				Mean open time (s)		0.0167		0.02845		0.03098		0.02442						Mean open time (s)		0.02136		0.02463		0.03514		0.09908

		No. open events		718		434		433		433				No. open events		252		118		120		258						No. open events		83		139		73		136

		Mean closed time (s)		0.06081		0.1114		0.1119		0.1107				Mean closed time (s)		0.1014		0.2188		0.2183		0.0917						Mean closed time (s)		0.3429		0.1915		0.3518		0.1148

		No. closed events		717		433		432		432				No. closed events		251		117		120		258						No. closed events		82		138		73		137

		P.open		0.1004		0.02896		0.02379		0.02738				P.open		0.1419		0.1159		0.1243		0.2103						P.open		0.0593		0.1147		0.09082		0.4614

		Mean burst duration (s)		0.006784		0.003322		0.002727		0.003117				Mean burst duration (s)		0.01677		0.02869		0.03098		0.02442						Mean burst duration (s)		0.02162		0.02481		0.03514		0.09835

		No. of bursts		717		433		432		432				No. of bursts		251		117		120		258						No. of bursts		82		138		73		137

		Mean no. of openings per burst		1.001		1.002		1.002		1.002				Mean no. of openings per burst		1.004		1.009		1		1						Mean no. of openings per burst		1.012		1.007		1		0.9927

		Mean closed time within burst (s)		0		0		0		0				Mean closed time within burst (s)		0		0		0		0						Mean closed time within burst (s)		0		0		0		0

		Mean closed time between bursts (s)		0.06081		0.1114		0.1119		0.1107				Mean closed time between bursts (s)		0.1014		0.2188		0.2183		0.0917						Mean closed time between bursts (s)		0.3429		0.1915		0.3518		0.1148

		P.open (within burst)		1		1		1		1				P.open (within burst)		1		1		1		1						P.open (within burst)		1		1		1		1
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