MATERIALS AND METHODS

2.1 Cell Culture


Human T lymphocytes of the cell line American Type Culture Catalogue (ATCC) CRL 8163 from the H33HJ-JA1 Jurkat T cell hybridoma were grown and maintained in medium containing 8.75ml RPMI 1640, 0.1ml glutamine, 1ml foetal calf serum (FCS), 0.15ml penicillin/streptomycin and 80(l fungizone, grown at 37oC and 5% CO2. RPMI basal medium (originally designed at Roswell Park Memorial Institute [Davis, 1994]) was obtained from Sigma-Aldrich Co. Ltd., Irvine, UK. Glutamine provides an energy source for the growing T cells. FCS provides growth factors, contains protease inhibitors to protect cells from proteolytic damage, and also acts as a pH buffer. Penicillin/streptomycin is an antibiotic used to reduce bacterial infection and fungizone is a fungicide used to reduce fungal infection of the culture. 


Excess T cells were stored at -198oC in liquid nitrogen to prevent unwanted cellular activity. 1ml of freezing mix (10% dimethyl sulphoxide (DMSO) and 90% FCS) was added to the cells prior to freezing. DMSO was also obtained from Sigma-Aldrich Co. Ltd. 

2.2 Synthesis of liposomes


Liposomes were required at a concentration of 10mg lipid/ml in a total volume of 2ml (i.e. 25(M lipid). 340(l of phosphatidylcholine (PC) and 300(l of phosphatidylserine (PS) were combined to yield 85% PC: 15% PS liposomes. Stock lipids were obtained from Lipid Products, Surrey, UK. As lipids were stored in a chloroform/methanol mixture, this was evaporated off using gaseous nitrogen. 2ml Tris buffer (10mM Tris, pH 7.4) was added to the lipids to allow vesicles to form. These vesicles are not uniform in size and are multilamellar. Lipid suspension was then passed through five freeze-thaw cycles (freeze lipids in liquid nitrogen, thaw in hot water and repeat five times). This step made the lipids unilamellar. These were then extruded through a 100nm filter [Nucleopore Corp., CA] using an extruder [Lipex Biomembranes Inc., Vancouver, Canada] nine times under pressure to obtain universal 100nm liposomes. For detailed procedure, refer to Mayer et al, 1986.   
2.3a Fluorescent labelling of T lymphocytes


Cultured T cells were harvested by centrifugation at 1200rpm for 5 minutes. Cells were re-suspended and counted in a haemocytometer (using 50(l of cells stained with 50(l Trypan Blue stain). Viable cells are unstained and can be counted under a light microscope. 


Fluorescein phosphatidyl ethanolamine (FPE) was synthesised using egg phosphatidylcholine and phosphatidyl ethanolamine (obtained from Sigma Chemical Co (St. Louis, MO)) as described by Wall et al (1995a) and dissolved in a 1:1 chloroform/methanol mixture (2mg/ml). FPE, at a ratio of 10(g FPE: 3x106 cells, was placed in a polycarbon tube and exposed to gaseous nitrogen to evaporate off the chloroform/methanol. This was followed by resolvation with 15(l of 95% ethanol. T cells in 5ml sucrose buffer (280mM sucrose, 10mM Tris, pH 7.5) were added to the FPE and incubated for 60 minutes at 37oC in the dark. Cell/FPE mixture was centrifuged at 1200rpm for 5 minutes to remove unincorporated FPE; cells were re-suspended in 1ml sucrose buffer and viable cell number was counted again. [Cladera & O’Shea, 2000]

2.3b Fluorescent labelling of liposomes


The protocol for labelling liposomes is similar to that for labelling T lymphocytes. Instead of sucrose buffer, Tris buffer (10mM Tris, pH 7.4) was used. Following incubation at 37oC, the suspension was run through a “PD-10 desalting workmate” syringe (SephadexTM G-25M, 0.15% Kathon® CG as preservative), and the first yellow band of labelled liposomes collected. Columns were purchased from Amersham Pharmacia Biotech AB, Sweden.

2.4 Stopped-flow analysis


The emission and excitation spectra of FPE were obtained [Cladera et al, 1999]. Subsequently, the excitation wavelength was set at 490nm and the emission wavelength set at 518nm. The use of sucrose buffer (for cells) or Tris buffer (for liposomes) prevented undesirable pH-related changes in the protonation of FPE (i.e. stopped anomalous fluorescence). The stopped-flow analysis machine was loaded with one syringe containing 2ml cells or liposomes at a concentration of 10,000 per ml. The other syringe contained 30(M gp41FD. Temperature was varied, ranging from 5oC to 38oC and the fluorescence was measured using a stopped flow spectrophotometer [Applied Photophysics, Model SX18MV] and accompanying computer software. Both samples enter the reaction chamber at the same time, and the change in fluorescence of FPE can be monitored in real-time. The interaction between HIV-1 gp41FD and T lymphocytes was thus measured in a non-invasive manner.

2.5 Data analysis and presentation


The program EasyplotTM [S. Karon, © Spiral Software] and Microsoft ® Excel 2000 [© 1985-1999 Microsoft Corp.] were used to analyse and present the data. The data was fitted to two binding equations:

1. Hyperbolic: y = ax / (b + x)

a = maximum y value (i.e. extent of binding)

b = dissociation constant (value of x when y = 0.5a)

2. Sigmoidal: y = axc / (bc + xc)

a = maximum y value

b = dissociation constant

c = Hill coefficient


The hyperbolic equation represents binding when no cooperativity is assumed to occur. The sigmoidal equation represents binding when there is cooperation. The quality of the fit of data to a curve determines which binding model is appropriate. 


The Hill coefficient describes the degree of cooperativity of a particular reaction (where the maximum value equals the number of binding sites). A value of c > 1 infers that molecules bind cooperatively.

Arrhenius plots can be used to determine the activation energy of a reaction. The Arrhenius equation is: k = A(-EA/RT)

Where k = the rate reaction, A = the pre-exponential factor (normally can be ignored), EA = the activation energy of the reaction (J.mol-1), R = ideal gas constant (8.31 J. K-1. mol-1) and T = absolute temperature (K). Natural logs are taken to give the equation in a more useful form: lnk = -EA/R. 1/T + lnA. If lnk (y axis) is plotted against 1/T (x axis), a straight-line plot is generated. The gradient of the line is equal to –EA/R.

