RESULTS

3.1 Fluorescence measurements
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FPE was incubated for 60 minutes with Jurkat T lymphocytes. Figure 3.1a shows the resulting emission spectrum of FPE.

The peak emission wavelength of FPE was observed to be 518nm. This results from electrons in the molecule returning to their ‘ground state’ (S0) from the first ‘excited state’ (S1). This same method was used to ascertain the peak excitation wavelength, which is the wavelength required to raise electrons in FPE from S0 to S1. The peak excitation wavelength was observed to be 490nm (data in Appendix). These results were used when setting the parameters of the spectrometer’s monochromators.


To observe the action of FPE, calcium chloride (CaCl2) was added to Jurkat T lymphocytes that had previously been labelled with FPE. In solution, this molecule dissociates to it constituent ions and consequently, positively charged calcium ions (Ca2+) would be drawn towards the negatively charged membrane surface. As previously described, this would increase the electrostatic surface potential ((). This would alter the protonation state of the acidic FPE molecule, causing it to fluoresce [Wall et al, 1995b]. (See Figure 3.1b).
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The response of FPE to the addition of calcium ions proved that the FPE labelling method used to label the Jurkat cells was sufficient, and also that the FPE responded in the way expected. Previous experiments have used a calcium ionophore (A23187) to demonstrate the function of FPE [Wall et al, 1995a]. The ionophore takes up Ca2​+ ions and transports them across the cell membrane into the cell. If calcium is introduced to cells using this method, there is no change of the fluorescence of FPE observed. This proves that FPE is only inserted into the outer leaflet of the lipid bilayer. 

3.2 Interaction of gp41FD with FPE-labelled T lymphocytes


A hydropathy plot [Kyte & Doolittle, 1982] shows that the fusion domain of HIV-1 gp41 consists of 16 hydrophobic amino acid residues (See Figure 3.2a). When exposed, the hydrophobic gp41​FD molecule will interact with the hydrophobic lipid bilayer of T cell membranes.
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Stopped flow analysis was used to observe the change in fluorescence of FPE-labelled Jurkat T lymphocytes over time. The samples enter the reaction chamber at the same time. As the binding reaction takes place in the first few milliseconds but insertion takes longer (1-10 seconds), a split time-base was used. This enabled both the initial binding reaction and the later fusion reaction to be analysed in similar detail. Figures 3.2b + c show the change in fluorescence when 30(M of gp41FD was added to a suspension of FPE-labelled Jurkat T lymphocytes.

An increase in the fluorescence of FPE can be seen over the first 0.1 seconds of the reaction. The positively charged gp41FD molecule is located near the T cell membrane, thus causing a change in the electrostatic surface potential ((). The protonation state of FPE is altered, and the intensity of fluorescence increases (See Figure 3.2b). 
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As the gp41FD inserts itself into the T cell membrane, the intensity of fluorescence of FPE decreases (See Figure 3.2c). As FPE only inserts into the outer leaflet of the lipid bilayer, the charged molecule inside the cell has no effect [Wall et al, 1995a]. The ( of the cell membrane and the protonation state of FPE return to normal, and a decrease in the intensity of fluorescence of FPE is observed.
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The effect of sequential additions of HIV-1 gp41​FD on Jurkat T lymphocytes was also analysed. As expected, with each addition of peptide, the intensity of the fluorescence of FPE increased accordingly (See Figure 3.2d).

Within the concentration range of gp41FD examined in this assay, the level at which the T cells were fully saturated was not reached. It is known that at concentrations above 30(M, peptide aggregates form in the suspension causing an increase in signal ‘noise’ [Cladera et al, 1999]. At low concentrations of peptide, the hydrophobic gp41FD molecules enter the lipid bilayer to move away from water molecules, until the membrane is saturated. After this point, the gp41FD molecules clump together to form hydrophobic aggregates. These peptide masses can pass in front of the spectrometer beam and scatter the signal. It is therefore difficult to determine the saturation point of cell membranes, since the formation of aggregates at high concentrations makes it hard to read the results accurately.    

3.3 Analysis of sequential gp41FD additions


From the results obtained from the sequential addition of gp41FD to FPE-labelled Jurkat T lymphocytes (Figure 3.2d), it was possible to analyse the reaction occurring when the fusion peptide binds to the T cells. Hyperbolic and sigmoidal curves (See Figure 3.3a) were fitted to the points (the increase in fluorescence was plotted against the concentration of gp41FD, after being corrected to account for light-scattering) using equations 1 and 2 (see Materials and Methods). The hyperbolic curve did not fit the data well, and is therefore not shown. The r2 value (indicating the quality of the fit to the curve) for the sigmoidal equation was (0.997) i.e. fits the data well. This curve also had a lower standard error (0.025), indicating that the sigmoidal curve was the better fit to the data. This implies that there is a degree of cooperativity for the binding of gp41FD to T cells. The Hill coefficient for the curve was 2.17, which suggests that there are more than two molecules involved in the binding of gp41FD. A similar outcome was reported by Cladera et al (2001), although this data yielded a Hill coefficient of almost 3, suggesting that a trimeric complex of gp41FD is responsible for binding to the T lymphocyte membrane surface. Despite a lower value for the Hill coefficient, the result 2.17 would also suggest a trimeric complex (i.e. more than two molecules involved).    
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3.4 Arrhenius analysis of the gp41FD binding reaction


 The Arrhenius plot is used to determine the activation energy (EA) of a reaction. To prove that the binding of gp41FD to membranes is facilitated by receptors (e.g. CD4, CCR5, CXCR4), data was obtained for the binding of the peptide to both Jurkat T lymphocytes and synthetic PCPS liposomes. It has been shown that gp41FD can bind to liposomes, regardless of the absence of any receptors [Cladera et al, 2001]. If cell receptors do in fact assist in the binding of gp41FD to T lymphocytes, then it would be expected that the EA for this reaction would be lower (i.e. receptors ‘catalyse’ the binding of the peptide to the cell membrane).

3.41 Analysis of the binding of gp41FD to Jurkat T lymphocytes


30(M of gp41FD was added to a suspension of approximately 10,000 FPE-labelled Jurkat T cells per ml in sucrose buffer (280mM, pH 7.5) at varying temperatures and the resulting change in fluorescence intensity analysed (See Appendix for data). Rate data was obtained for the binding reaction of the fusion peptide to cells (using the SX18MV software) and plotted in an Arrhenius plot (See Figure 3.41a). As the concentrations for reactants remained the same throughout each experiment, it was unnecessary to calculate the rate constant (K) for each reaction. Consequently, ln(Rate) was used instead of lnK.
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As the data did not lie in a straight line, a best-fit line was plotted. The r2 value for this line was 0.985 and the standard error was 0.068, implying that the fit is quite good. As the gradient of the line is equal to EA / R (gas constant), it was calculated that the activation energy for the reaction is 293 J. mol-1.    

3.42 Analysis of the binding of gp41FD to synthetic PCPS liposomes
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30(M of gp41FD was added to a suspension of approximately 10,000 FPE-labelled PCPS liposomes per ml in Tris buffer (10mM, pH 7.4) at varying temperatures and the resulting change in fluorescence intensity analysed (See Appendix for data). Rate data was obtained and plotted in an Arrhenius plot (See Figure 3.42a).

A best-fit line was plotted, with an r2 value of 0.997 and a standard error of 0.026 i.e. a very good fit. It was calculated that the activation energy for the binding of gp41FD to synthetic PCPS liposomes was 326 J. mol-1.

3.5 Arrhenius analysis of the gp41FD insertion reaction

Following the binding of gp41FD to a membrane a fusion process occurs, whereby the fusion peptide inserts itself into the lipid bilayer and disrupts it. As a consequence of this, the HIV-1 virus can fuse its envelope membrane to that of its host and introduce its genome. 


To determine the nature of this insertion reaction, rate data for the insertion of gp41FD into both Jurkat T lymphocytes and PCPS liposomes was obtained (See Appendix for data). This data was plotted in Arrhenius plots to obtain the activation energy (EA) for the insertion reaction. If cell receptors assist the insertion of the fusion peptide into cells (as well as the binding reaction), it would be expected that the EA for Jurkat T cells would be lower than that for synthetic liposomes. 

The rate data for the insertion reaction of gp41FD to Jurkat T lymphocytes (See Figure 3.5a) and to PCPS liposomes (See Figure 3.5b) was plotted on Arrhenius plots. Best-fit lines were fitted to both Arrhenius plots. The best-fit line for the insertion of gp41FD into Jurkat T lymphocytes had an r2 value of 0.983 and a standard error of 0.032, implying that it was a reasonably good fit. It was calculated that the EA of this insertion reaction is 130 J. mol-1. The best-fit line for the insertion of the fusion peptide into PCPS liposomes had an r2 value of 0.997 and a standard error of 0.004, implying that it was a very good fit. The EA for this insertion reaction was calculated to be 49.5 J. mol-1.
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FIG 3.1a


The emission spectrum of FPE. Jurkat T lymphocytes in sucrose buffer (280mM, pH 7.5) were incubated at 37oC with FPE, and the emission spectrum obtained. The peak emission is at 518nm.
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FIG 3.1b


The interaction of Ca2+ with FPE-labelled Jurkat T lymphocytes. 2.5mM Ca2+ was added to a suspension of approx. 10,000 FPE-labelled Jurkat cells in sucrose buffer (280mM, pH 7.5) at the time indicated by arrow. The excitation wavelength was set at 490nm, and the emission wavelength set at 518nm, in accordance with previous results. Temperature was maintained at 37oC.
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Hydropathy plot for HIV-1 gp41, using the Kyte and Doolittle scale (1982). All residues are hydrophobic, with a mean hydropathy of 2.07. 
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FIG 3.2b: Interaction of HIV-1 gp41FD with FPE-labelled Jurkat T lymphocytes at 37oC. This shows the initial binding reaction over the first 0.1 seconds.  The initial decrease in fluorescence intensity is the ‘lag phase’. This is the time taken for the gp41�FD and the FPE-labelled cells to enter the reaction chamber and mix. 
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FIG 3.2c: Interaction of HIV-1 gp41FD with FPE-labelled Jurkat T lymphocytes at 37oC. This shows the insertion reaction over approximately 10 seconds.
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Sequential additions of HIV-1 gp41FD to FPE-labelled Jurkat T cell membranes. Additions of 5(M gp41FD were added to a suspension of approximately 5,000 Jurkat T cells labelled with FPE in a sucrose buffer (280mM, pH 7.5), at times indicated by the arrows. Excitation wavelength was set at 490nm, and emission wavelength was set at 518nm.   
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Fluorescence changes observed when FPE-labelled T lymphocytes were exposed to increasing concentrations of HIV-1 gp41FD. Figure shows data from titration of human T cells with gp41FD (circles) in sucrose buffer (280mM, pH 7.5. The solid line shows the sigmoidal fit (y = ax^c / (b^c + x^c)), where a = extent of the binding, 


b = dissociation constant and c = Hill coefficient.  
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Arrhenius plot showing ln(Rate) plotted against 1 / T (in Kelvin). Data was obtained from the binding reaction of gp41FD to Jurkat T lymphocytes. The equation of the fit line (solid) is y = -2434x + 11.2. The activation energy for the reaction is therefore 293 J. mol-1.
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Arrhenius plot showing ln(Rate) plotted against 1 / T (in Kelvin). Data was obtained from the binding reaction of gp41FD to PCPS liposomes. The equation of the fit line (solid) is y = -2709x + 12.1. The activation energy for the reaction is therefore 326 J. mol-1.
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Arrhenius plot showing ln(Rate) plotted against 1 / T (in Kelvin). Data was obtained from the insertion reaction of gp41FD to Jurkat T lymphocytes. The equation of the fit line (solid) is y = -1083x + 3.12. The activation energy for the reaction is therefore 130 J. mol-1.
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Arrhenius plot showing ln(Rate) plotted against 1 / T (in Kelvin). Data was obtained from the insertion reaction of gp41FD to PCPS liposomes. The equation of the fit line (solid) is y = -411x + 0.613. The activation energy for the reaction is therefore 49.5 J. mol-1.
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		INFO>cp_wl_490_tp_37.2

		1000

		2.00E-03		-0.1978

		4.00E-03		-0.2771

		6.00E-03		-0.2881

		8.00E-03		-0.2869

		0.01		-0.2795

		0.012		-0.2844

		0.014		-0.2942

		0.016		-0.2905

		0.018		-0.2783

		0.02		-0.2954

		0.022		-0.2966

		0.024		-0.2979

		0.026		-0.2979

		0.028		-0.3003

		0.03		-0.3015

		0.032		-0.2979

		0.034		-0.2917

		0.036		-0.2869

		0.038		-0.2759

		0.04		-0.2747

		0.042		-0.2698

		0.044		-0.2734

		0.046		-0.2539

		0.048		-0.2576

		0.05		-0.2478

		0.052		-0.2454

		0.054		-0.2356

		0.056		-0.2319

		0.058		-0.2234

		0.06		-0.2063

		0.062		-0.2014

		0.064		-0.1868

		0.066		-0.1855

		0.068		-0.166

		0.07		-0.1624

		0.072		-0.1587

		0.074		-0.1404

		0.076		-0.1367

		0.078		-0.1208

		0.08		-0.1196

		0.082		-0.1135

		0.084		-0.1025

		0.086		-0.09888

		0.088		-0.1013

		0.09		-0.1062

		0.092		-0.105

		0.094		-0.1086

		0.096		-0.1038

		0.098		-0.09277

		0.1		-0.09766

		0.102		-0.09399

		0.104		-0.09399

		0.106		-0.08667

		0.108		-0.08667

		0.11		-0.08423

		0.112		-0.07446

		0.114		-0.08789

		0.116		-0.08545

		0.118		-0.07935

		0.12		-0.08423

		0.122		-0.06958

		0.124		-0.07446

		0.126		-0.07568

		0.128		-0.07568

		0.13		-0.07202

		0.132		-0.07935

		0.134		-0.07202

		0.136		-0.07568

		0.138		-0.0708

		0.14		-0.07324

		0.142		-0.07202

		0.144		-0.0708

		0.146		-0.06348

		0.148		-0.07324

		0.15		-0.06958

		0.152		-0.06226

		0.154		-0.06348

		0.156		-0.06226

		0.158		-0.07568

		0.16		-0.0708

		0.162		-0.08057

		0.164		-0.0647

		0.166		-0.0769

		0.168		-0.08423

		0.17		-0.0769

		0.172		-0.0708

		0.174		-0.06714

		0.176		-0.06348

		0.178		-0.07568

		0.18		-0.07446

		0.182		-0.0647

		0.184		-0.0647

		0.186		-0.06348

		0.188		-0.06592

		0.19		-0.07202

		0.192		-0.07202

		0.194		-0.0647

		0.196		-0.06714

		0.198		-0.06592

		0.2		-0.06836

		0.202		-0.06836

		0.204		-0.07324

		0.206		-0.0708

		0.208		-0.07568

		0.21		-0.07202

		0.212		-0.05615

		0.214		-0.06714

		0.216		-0.07324

		0.218		-0.07812

		0.22		-0.06958

		0.222		-0.0647

		0.224		-0.0647

		0.226		-0.06958

		0.228		-0.06226

		0.23		-0.06226

		0.232		-0.0708

		0.234		-0.06958

		0.236		-0.06226

		0.238		-0.0708

		0.24		-0.06592

		0.242		-0.07324

		0.244		-0.0708

		0.246		-0.06348

		0.248		-0.0708

		0.25		-0.07812

		0.252		-0.0769

		0.254		-0.07568

		0.256		-0.0769

		0.258		-0.07202

		0.26		-0.07324

		0.262		-0.07202

		0.264		-0.07568

		0.266		-0.08423

		0.268		-0.07324

		0.27		-0.06958

		0.272		-0.07324

		0.274		-0.06958

		0.276		-0.06958

		0.278		-0.07446

		0.28		-0.0708

		0.282		-0.07446

		0.284		-0.07568

		0.286		-0.08301

		0.288		-0.0647

		0.29		-0.08423

		0.292		-0.0708

		0.294		-0.07812

		0.296		-0.08301

		0.298		-0.0769

		0.3		-0.0647

		0.302		-0.09155

		0.304		-0.0708

		0.306		-0.07812

		0.308		-0.07812

		0.31		-0.07324

		0.312		-0.08301

		0.314		-0.06958

		0.316		-0.08057

		0.318		-0.08789

		0.32		-0.0708

		0.322		-0.08423

		0.324		-0.08423

		0.326		-0.08545

		0.328		-0.08789

		0.33		-0.08057

		0.332		-0.07935

		0.334		-0.08423

		0.336		-0.0769

		0.338		-0.07935

		0.34		-0.07935

		0.342		-0.07324

		0.344		-0.0708

		0.346		-0.08911

		0.348		-0.07935

		0.35		-0.08667

		0.352		-0.08423

		0.354		-0.08423

		0.356		-0.08667

		0.358		-0.08789

		0.36		-0.08423

		0.362		-0.08179

		0.364		-0.08301

		0.366		-0.08789

		0.368		-0.08301

		0.37		-0.08789

		0.372		-0.09155

		0.374		-0.08789

		0.376		-0.08423

		0.378		-0.09521

		0.38		-0.09399

		0.382		-0.08911

		0.384		-0.08179

		0.386		-0.09155

		0.388		-0.08667

		0.39		-0.08301

		0.392		-0.09399

		0.394		-0.07935

		0.396		-0.1013

		0.398		-0.08301

		0.4		-0.09644

		0.402		-0.08667

		0.404		-0.09155

		0.406		-0.09155

		0.408		-0.08545

		0.41		-0.09399

		0.412		-0.08789

		0.414		-0.09155

		0.416		-0.09155

		0.418		-0.08545

		0.42		-0.09521

		0.422		-0.09033

		0.424		-0.09155

		0.426		-0.09399

		0.428		-0.08911

		0.43		-0.09155

		0.432		-0.09277

		0.434		-0.08057

		0.436		-0.09888

		0.438		-0.09644

		0.44		-0.09888

		0.442		-0.09521

		0.444		-0.09155

		0.446		-0.09277

		0.448		-0.09888

		0.45		-0.09766

		0.452		-0.08911

		0.454		-0.09277

		0.456		-0.1013

		0.458		-0.09155

		0.46		-0.09766

		0.462		-0.1013

		0.464		-0.09766

		0.466		-0.08911

		0.468		-0.09399

		0.47		-0.1001

		0.472		-0.09033

		0.474		-0.1025

		0.476		-0.08789

		0.478		-0.1025

		0.48		-0.1123

		0.482		-0.09644

		0.484		-0.09766

		0.486		-0.105

		0.488		-0.1062

		0.49		-0.1038

		0.492		-0.1038

		0.494		-0.1074

		0.496		-0.09644

		0.498		-0.09399

		0.5		-0.09766

		0.502		-0.1086

		0.504		-0.09521

		0.506		-0.09766

		0.508		-0.1123

		0.51		-0.105

		0.512		-0.1038

		0.514		-0.105

		0.516		-0.09644

		0.518		-0.09888

		0.52		-0.09399

		0.522		-0.1099

		0.524		-0.1099

		0.526		-0.127

		0.528		-0.09033

		0.53		-0.1099

		0.532		-0.1062

		0.534		-0.1074

		0.536		-0.1086

		0.538		-0.1025

		0.54		-0.1038

		0.542		-0.1062

		0.544		-0.1147

		0.546		-0.1062

		0.548		-0.1135

		0.55		-0.1135

		0.552		-0.1099

		0.554		-0.1184

		0.556		-0.1099

		0.558		-0.105

		0.56		-0.1062

		0.562		-0.1184

		0.564		-0.1038

		0.566		-0.1147

		0.568		-0.116

		0.57		-0.1062

		0.572		-0.1147

		0.574		-0.116

		0.576		-0.116

		0.578		-0.1062

		0.58		-0.1099

		0.582		-0.1221

		0.584		-0.1123

		0.586		-0.1123

		0.588		-0.1135

		0.59		-0.1099

		0.592		-0.1147

		0.594		-0.116

		0.596		-0.1025

		0.598		-0.1208

		0.6		-0.1208

		0.602		-0.1111

		0.604		-0.1111

		0.606		-0.1038

		0.608		-0.116

		0.61		-0.1025

		0.612		-0.1184

		0.614		-0.1147

		0.616		-0.1074

		0.618		-0.1196

		0.62		-0.1172

		0.622		-0.116

		0.624		-0.1233

		0.626		-0.1184

		0.628		-0.127

		0.63		-0.1184

		0.632		-0.116

		0.634		-0.1208

		0.636		-0.1196

		0.638		-0.1196

		0.64		-0.1221

		0.642		-0.1196

		0.644		-0.127

		0.646		-0.127

		0.648		-0.1233

		0.65		-0.1306

		0.652		-0.1196

		0.654		-0.1208

		0.656		-0.1221

		0.658		-0.1135

		0.66		-0.1147

		0.662		-0.1208

		0.664		-0.1184

		0.666		-0.1282

		0.668		-0.1135

		0.67		-0.1245

		0.672		-0.1233

		0.674		-0.1221

		0.676		-0.1318

		0.678		-0.1147

		0.68		-0.1392

		0.682		-0.1221

		0.684		-0.1245

		0.686		-0.116

		0.688		-0.1233

		0.69		-0.1245

		0.692		-0.1245

		0.694		-0.116

		0.696		-0.1257

		0.698		-0.1331

		0.7		-0.1221

		0.702		-0.1257

		0.704		-0.1343

		0.706		-0.127

		0.708		-0.1355

		0.71		-0.1282

		0.712		-0.1343

		0.714		-0.1294

		0.716		-0.1379

		0.718		-0.1257

		0.72		-0.1392

		0.722		-0.1306

		0.724		-0.1245

		0.726		-0.1184

		0.728		-0.1294

		0.73		-0.1343

		0.732		-0.1392

		0.734		-0.1233

		0.736		-0.1379

		0.738		-0.1294

		0.74		-0.127

		0.742		-0.1343

		0.744		-0.127

		0.746		-0.127

		0.748		-0.1379

		0.75		-0.1282

		0.752		-0.1282

		0.754		-0.1331

		0.756		-0.1318

		0.758		-0.1135

		0.76		-0.1392

		0.762		-0.1196

		0.764		-0.1355

		0.766		-0.1294

		0.768		-0.1294

		0.77		-0.1208

		0.772		-0.1343

		0.774		-0.127

		0.776		-0.127

		0.778		-0.1343

		0.78		-0.1343

		0.782		-0.1257

		0.784		-0.1343

		0.786		-0.1379

		0.788		-0.1367

		0.79		-0.1379

		0.792		-0.1404

		0.794		-0.1257

		0.796		-0.1355

		0.798		-0.1404

		0.8		-0.1416

		0.802		-0.1282

		0.804		-0.1367

		0.806		-0.144

		0.808		-0.1453

		0.81		-0.1355

		0.812		-0.144

		0.814		-0.1379

		0.816		-0.1416

		0.818		-0.1416

		0.82		-0.1416

		0.822		-0.144

		0.824		-0.1355

		0.826		-0.1428

		0.828		-0.1404

		0.83		-0.1428

		0.832		-0.1392

		0.834		-0.1453

		0.836		-0.1355

		0.838		-0.1453

		0.84		-0.1416

		0.842		-0.1343

		0.844		-0.1379

		0.846		-0.1331

		0.848		-0.1416

		0.85		-0.1379

		0.852		-0.1453

		0.854		-0.144

		0.856		-0.1477

		0.858		-0.144

		0.86		-0.1428

		0.862		-0.1428

		0.864		-0.1428

		0.866		-0.1404

		0.868		-0.1428

		0.87		-0.1428

		0.872		-0.1428

		0.874		-0.1453

		0.876		-0.1367

		0.878		-0.1501

		0.88		-0.1404

		0.882		-0.1477

		0.884		-0.144

		0.886		-0.1404

		0.888		-0.1416

		0.89		-0.155

		0.892		-0.1575

		0.894		-0.1392

		0.896		-0.1453

		0.898		-0.1465

		0.9		-0.1538

		0.902		-0.1501

		0.904		-0.144

		0.906		-0.1575

		0.908		-0.1501

		0.91		-0.144

		0.912		-0.144

		0.914		-0.1562

		0.916		-0.1514

		0.918		-0.1331

		0.92		-0.1465

		0.922		-0.1465

		0.924		-0.1501

		0.926		-0.1453

		0.928		-0.1501

		0.93		-0.1526

		0.932		-0.1514

		0.934		-0.1501

		0.936		-0.166

		0.938		-0.155

		0.94		-0.1465

		0.942		-0.1538

		0.944		-0.1514

		0.946		-0.1562

		0.948		-0.1599

		0.95		-0.1526

		0.952		-0.1489

		0.954		-0.1587

		0.956		-0.1538

		0.958		-0.1526

		0.96		-0.1453

		0.962		-0.1575

		0.964		-0.1526

		0.966		-0.1526

		0.968		-0.1514

		0.97		-0.1477

		0.972		-0.155

		0.974		-0.1477

		0.976		-0.1575

		0.978		-0.1624

		0.98		-0.166

		0.982		-0.155

		0.984		-0.1465

		0.986		-0.1514

		0.988		-0.1465

		0.99		-0.1648

		0.992		-0.1624

		0.994		-0.1575

		0.996		-0.155

		0.998		-0.1636

		1		-0.1624

		1.011		-0.1562

		1.031		-0.1599

		1.051		-0.1624

		1.071		-0.1636

		1.091		-0.1648

		1.111		-0.1685

		1.131		-0.1709

		1.151		-0.1733

		1.171		-0.1758

		1.191		-0.1758

		1.211		-0.177

		1.231		-0.1807

		1.251		-0.1807

		1.271		-0.1831

		1.291		-0.188

		1.311		-0.1843

		1.331		-0.1892

		1.351		-0.1892

		1.371		-0.1917

		1.391		-0.1929

		1.411		-0.1941

		1.431		-0.1978

		1.451		-0.1941

		1.471		-0.1978

		1.491		-0.2014

		1.511		-0.2014

		1.531		-0.2026

		1.551		-0.2051

		1.571		-0.2063

		1.591		-0.2087

		1.611		-0.2087

		1.631		-0.2112

		1.651		-0.2124

		1.671		-0.2112

		1.691		-0.2161

		1.711		-0.2173

		1.731		-0.2173

		1.751		-0.2161

		1.771		-0.2209

		1.791		-0.2173

		1.811		-0.2197

		1.831		-0.2234

		1.851		-0.2246

		1.871		-0.2234

		1.891		-0.2271

		1.911		-0.2271

		1.931		-0.2283

		1.951		-0.2332

		1.971		-0.2332

		1.991		-0.2319

		2.011		-0.2319

		2.031		-0.2344

		2.051		-0.2368

		2.071		-0.238

		2.091		-0.238

		2.111		-0.2417

		2.131		-0.2356

		2.151		-0.2393

		2.171		-0.2417

		2.191		-0.2405

		2.211		-0.2441

		2.231		-0.2441

		2.251		-0.2441

		2.271		-0.2454

		2.291		-0.2466

		2.311		-0.249

		2.331		-0.249

		2.351		-0.2466

		2.371		-0.2502

		2.391		-0.2527

		2.411		-0.2539

		2.431		-0.2515

		2.451		-0.2551

		2.471		-0.2551

		2.491		-0.2563

		2.511		-0.2588

		2.531		-0.2588

		2.551		-0.26

		2.571		-0.2625

		2.591		-0.2612

		2.611		-0.2625

		2.631		-0.2649

		2.651		-0.26

		2.671		-0.2649

		2.691		-0.2661

		2.711		-0.2673

		2.731		-0.2661

		2.751		-0.2673

		2.771		-0.2698

		2.791		-0.2698

		2.811		-0.271

		2.831		-0.2722

		2.851		-0.2722

		2.871		-0.271

		2.891		-0.2734

		2.911		-0.2734

		2.931		-0.271

		2.951		-0.2747

		2.971		-0.2734

		2.991		-0.2759

		3.011		-0.2795

		3.031		-0.2771

		3.051		-0.2759

		3.071		-0.2783

		3.091		-0.2795

		3.111		-0.2808

		3.131		-0.2783

		3.151		-0.2832

		3.171		-0.2808

		3.191		-0.2832

		3.211		-0.282

		3.231		-0.2844

		3.251		-0.2856

		3.271		-0.2881

		3.291		-0.2856

		3.311		-0.2869

		3.331		-0.2832

		3.351		-0.2881

		3.371		-0.2881

		3.391		-0.2856

		3.411		-0.2856

		3.431		-0.2893

		3.451		-0.2917

		3.471		-0.2917

		3.491		-0.293

		3.511		-0.2893

		3.531		-0.2893

		3.551		-0.2905

		3.571		-0.2905

		3.591		-0.2917

		3.611		-0.2917

		3.631		-0.2954

		3.651		-0.2954

		3.671		-0.2991

		3.691		-0.293

		3.711		-0.2954

		3.731		-0.2942

		3.751		-0.2966

		3.771		-0.2954

		3.791		-0.2954

		3.811		-0.2966

		3.831		-0.293

		3.851		-0.2966

		3.871		-0.2966

		3.891		-0.2991

		3.911		-0.2991

		3.931		-0.2991

		3.951		-0.2991

		3.971		-0.304

		3.991		-0.2991

		4.011		-0.3003

		4.031		-0.3027

		4.051		-0.3003

		4.071		-0.3003

		4.091		-0.304

		4.111		-0.304

		4.131		-0.3015

		4.151		-0.304

		4.171		-0.3052

		4.191		-0.3064

		4.211		-0.3052

		4.231		-0.304

		4.251		-0.304

		4.271		-0.3076

		4.291		-0.304

		4.311		-0.304

		4.331		-0.3052

		4.351		-0.304

		4.371		-0.3076

		4.391		-0.304

		4.411		-0.304

		4.431		-0.3076

		4.451		-0.3076

		4.471		-0.3076

		4.491		-0.3088

		4.511		-0.3101

		4.531		-0.3064

		4.551		-0.3076

		4.571		-0.3088

		4.591		-0.3101

		4.611		-0.3113

		4.631		-0.3101

		4.651		-0.3125

		4.671		-0.3101

		4.691		-0.3101

		4.711		-0.3125

		4.731		-0.3101

		4.751		-0.3137

		4.771		-0.3137

		4.791		-0.3101

		4.811		-0.3101

		4.831		-0.3125

		4.851		-0.3125

		4.871		-0.3113

		4.891		-0.3125

		4.911		-0.3101

		4.931		-0.3125

		4.951		-0.3125

		4.971		-0.3149

		4.991		-0.3149

		5.011		-0.3125

		5.031		-0.3101

		5.051		-0.3137

		5.071		-0.3162

		5.091		-0.3137

		5.111		-0.3113

		5.131		-0.3149

		5.151		-0.3162

		5.171		-0.3162

		5.191		-0.3162

		5.211		-0.3162

		5.231		-0.3186

		5.251		-0.3174

		5.271		-0.3174

		5.291		-0.3162

		5.311		-0.3174

		5.331		-0.3186

		5.351		-0.3174

		5.371		-0.3162

		5.391		-0.3186

		5.411		-0.3186

		5.431		-0.3198
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		Wlength=490nm PM volts=450.0v Offst=1.27v Fltr=Direct
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		1.751		0.3564

		1.771		0.3491

		1.791		0.3528

		1.811		0.3491

		1.831		0.3394

		1.851		0.332

		1.871		0.3235

		1.891		0.3247

		1.911		0.321

		1.931		0.3162

		1.951		0.304

		1.971		0.3052

		1.991		0.3076

		2.011		0.2966

		2.031		0.2942

		2.051		0.2893

		2.071		0.2881

		2.091		0.2808

		2.111		0.282

		2.131		0.2771

		2.151		0.2673

		2.171		0.2698

		2.191		0.2625

		2.211		0.2625

		2.231		0.26

		2.251		0.2527

		2.271		0.2502

		2.291		0.2502

		2.311		0.2466

		2.331		0.2429

		2.351		0.2393

		2.371		0.2368

		2.391		0.2368

		2.411		0.2319

		2.431		0.2209

		2.451		0.2258

		2.471		0.2197

		2.491		0.2234

		2.511		0.2185

		2.531		0.2209

		2.551		0.21

		2.571		0.2148

		2.591		0.2112

		2.611		0.2026

		2.631		0.2051

		2.651		0.1953

		2.671		0.188

		2.691		0.1892

		2.711		0.199

		2.731		0.1953

		2.751		0.1868

		2.771		0.1892

		2.791		0.1794

		2.811		0.1758

		2.831		0.177

		2.851		0.1794

		2.871		0.1733

		2.891		0.1611

		2.911		0.1636

		2.931		0.1672

		2.951		0.1624

		2.971		0.1636

		2.991		0.1538

		3.011		0.1562

		3.031		0.1599

		3.051		0.1465

		3.071		0.1489

		3.091		0.155

		3.111		0.1489

		3.131		0.1404

		3.151		0.1453

		3.171		0.1428

		3.191		0.1392

		3.211		0.1428

		3.231		0.1343

		3.251		0.1367

		3.271		0.1318

		3.291		0.1306

		3.311		0.1306

		3.331		0.1257

		3.351		0.1294
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		4.211		0.07812

		4.231		0.07202

		4.251		0.07202

		4.271		0.07446

		4.291		0.07568

		4.311		0.07324

		4.331		0.06592

		4.351		0.0647

		4.371		0.06592

		4.391		0.0708

		4.411		0.07324
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		5.251		0.04639

		5.271		0.04517
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		5.351		0.0415

		5.371		0.04761
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		5.411		0.0354

		5.431		0.0415

		5.451		0.03784

		5.471		0.03906

		5.491		0.04028
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		5.531		0.03174
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		5.591		0.03784

		5.611		0.04028

		5.631		0.03662

		5.651		0.03784

		5.671		0.04272

		5.691		0.03784

		5.711		0.03906

		5.731		0.0354

		5.751		0.0354

		5.771		0.03662

		5.791		0.0354

		5.811		0.03662

		5.831		0.0354

		5.851		0.0354

		5.871		0.0415

		5.891		0.03296

		5.911		0.03052

		5.931		0.03784

		5.951		0.02563

		5.971		0.03174

		5.991		0.03784

		6.011		0.0354

		6.031		0.03052

		6.051		0.03174

		6.071		0.03296

		6.091		0.03296

		6.111		0.03296

		6.131		0.02808

		6.151		0.0293

		6.171		0.03296

		6.191		0.03174

		6.211		0.03052

		6.231		0.03052

		6.251		0.03174

		6.271		0.03174

		6.291		0.02686

		6.311		0.03174

		6.331		0.03296

		6.351		0.02808

		6.371		0.03174

		6.391		0.02686

		6.411		0.0354

		6.431		0.02686

		6.451		0.03052

		6.471		0.03662

		6.491		0.02563

		6.511		0.03296

		6.531		0.03052

		6.551		0.0293

		6.571		0.02808

		6.591		0.02319

		6.611		0.02808

		6.631		0.0293

		6.651		0.02075

		6.671		0.02808

		6.691		0.03052

		6.711		0.01831

		6.731		0.0293

		6.751		0.02319

		6.771		0.02197

		6.791		0.02563

		6.811		0.02319

		6.831		0.02075

		6.851		0.0293

		6.871		0.02563

		6.891		0.02319

		6.911		0.02441

		6.931		0.02441

		6.951		0.02075

		6.971		0.02197

		6.991		0.02319

		7.011		0.02197

		7.031		0.02563

		7.051		0.01953
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		Time (seconds)
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		Split Timebase(os)=1.00s / 10.0s Ch:#2 Temp=37.4øC

		Wlength=490nm PM volts=501.0v Offst=1.98v Fltr=Direct

		Tue,06 Feb 2001.10:23
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