DISCUSSION

4.1 The AIDS pandemic


With over 40 million people in the world suffering from AIDS [health.yahoo.com], a lot of time and money are spent annually on researching potential cures and vaccines. The problem in designing anti-HIV drugs lies in the lack of knowledge regarding the mechanism of HIV infection of human cells. The virus binds and fuses to human cells, replicates and infects more cells. Until recently, analysing the way the HIV virus entered cells was difficult. However, with the discovery of new membrane labels e.g. fluorescein phosphatidyl ethanolamine (FPE), the insight into viral infection is expanding. Within the last five years, the two membrane glycoproteins, gp120 and gp41, have been identified and studied [Wyatt & Sodroski, 1998]. The role of CD4, CCR5 and CXCR4 receptors in the process of the virus binding to cells has been discovered [Kwong et al, 1998; Cammack, 1999]. The aim of this project was to examine further the interaction between the fusion domain of HIV-1 gp41 and T lymphocytes.

4.2 The interactions of gp41FD and T cell membranes


The entry of HIV-1 virions into host cells begins when the envelope glycoprotein gp120 binds to a CD4 receptor on the surface of a T cell. The glycoprotein may also bind a chemokine co-receptor (e.g. CCR5 or CXCR4). A conformational change occurs, resulting in the dissociation of gp41 from gp120. The fusion domain of gp41 is exposed, and can interact with the lipid bilayer [Wyatt & Sodroski, 1998]. Crystallography studies into the structure of gp41 have further supported this proposal [Weissenhorn et al, 1999]. The insertion of gp41FD into the T cell bilayer brings the membranes of the virus and T cell close together, and fusion can take place [Weissenhorn et al, 1997].

HIV-1 gp41FD has been clearly shown in these experiments to interact with the lipid bilayer of T lymphocytes by inserting into the outer leaflet of the membrane (See Figure 3.2b). Interestingly, gp41FD also binds to synthetic liposomes that have no cell receptors [Cladera et al, 2001]. Although it is known that the binding of the fusion peptide to cell membranes is facilitated by chemokine receptors, this result implies that receptors are not necessary for binding. It has been suggested that receptors and other molecules (e.g. heparan sulphate) bring the gp41FD closer to the cell surface so that binding can take place [Cladera et al, 2001]. The actual binding process, however, involves the gp41FD inserting itself into the membrane at such an angle that the lipid bilayer is disturbed. This interaction can be analysed in a non-invasive manner using the molecule fluorescein phosphatidyl ethanolamine (FPE). This molecule inserts into the outer leaflet of the lipid bilayer, and fluoresces according to changes in the electrostatic membrane potential ((). When a charged molecule (e.g. gp41FD) comes near to the membrane surface, ( changes and FPE fluoresces [Wall et al, 1995b]. This technique can be used in both cell and synthetic membranes, and was used in this study to analyse the interaction of the HIV-1 gp41 fusion peptide with both liposomes and Jurkat T lymphocytes.

4.3 Evidence to support a trimeric structure of gp41FD

The fusion peptide of HIV-1 gp41 was sequentially added in 5(M doses to a suspension of FPE-labelled Jurkat T lymphocytes in sucrose buffer (280mM, pH 7.5). From the increases observed in the intensity of fluorescence of FPE, a graph was drawn and fitted to a sigmoidal curve (See Figure 3.3a). The Hill coefficient for binding was obtained (c = 2.17). This result suggests that more than two gp41FD molecules co-operate in the binding of the peptide to T cell membranes i.e. a trimeric structure. This is in agreement with Cladera et al (2001), where a trimeric structure for gp41FD is also proposed. However, as explained by Cladera et al (1999), aggregates of gp41FD can form in solution. These aggregates may contribute in an adverse manner to the observed interactions between the fusion peptide and T cells. This may account for conflicting views regarding the structure of gp41FD (both a dimeric and trimeric structure have been suggested). It may also explain why the value for the Hill coefficient obtained in these experiments was slightly different from the value proposed by Cladera et al (2001). In these experiments, the sequential addition of gp41FD to T cells resulted in a final peptide concentration of 20(M. It is known that a peptide concentration of over 30(M results in the formation of aggregates such that reliable results cannot be drawn. The presence of these peptide aggregates in a 20(M concentration is therefore inevitable. However, despite the slight difference in values for the Hill coefficient observed here and by Cladera et al (2001), the same conclusion can be drawn – the fusogenic gp41 peptide is present as a trimer.

4.4 Analysis of the binding and insertion of gp41FD to membranes


In order to prove that receptors present on the surface of T lymphocyte membranes facilitate the binding of gp41FD to the cell, Arrhenius plots were drawn for the interactions of gp41FD with both Jurkat T lymphocytes (with receptors) and synthetic PCPS liposomes (without receptors) at varying temperatures. Using the Arrhenius equation, the activation energies for both interactions were obtained. As expected, the activation energy for the binding of gp41FD to T cells (293 J. mol-1) was lower than that for the binding of the peptide to liposomes (326 J. mol-1) (See Figures 3.41a and 3.42a). This demonstrates that although the peptide does bind successfully to liposomes, it requires a higher activation energy than the binding reaction with T cells. The presence of receptors at the cell surface membrane clearly has some facilitative function.


It was observed that after approximately 0.1 seconds of reaction time, the intensity of the fluorescence of FPE decreased. During this time, the gp41FD molecule is inserting into and passing through the membrane. The electrostatic surface potential of the cell membrane returns to normal, and FPE returns to a ‘ground state’ (i.e. no fluorescence) [Wall et al, 1995b]. The activation energies for the insertion of gp41FD into liposomes and T cells were also calculated using Arrhenius plots (See Figures 3.5a and b). In this experiment, it was discovered that the activation energy for the insertion of gp41FD into T cells was actually higher than that for liposomes. This suggests that an activation energy is needed to dissociate the gp41FD from the cell surface receptors before it can insert into the membrane.       

4.5 Role of membrane rafts


Recently, a large amount of study has gone into researching the role of organised ‘microdomains’ at the outer leaflet of the lipid bilayer (lipid rafts) in the binding of HIV-1 to human cells. It was shown that the CD4 and CCR5 receptors do in fact co-localise to these sphingolipid and cholesterol enriched regions [Popik et al, 2002]. It was suggested that this co-localisation process is essential for gp41FD binding to cells. Liu et al (2002) showed that the entry of HIV-1 into brain microvascular endothelia is dependent on lipid rafts. The virus enters the cell through a pinocytotic pathway that is regulated by the MAPK signalling pathway. The role of the CD4 and CCR5 receptors, however, was limited. A role for cholesterol in HIV-1 binding is also suggested [28], although this is not concurrent with the findings here and elsewhere [Cladera et al, 2001] that HIV-1 can enter synthetic liposomes that have no cholesterol. Popik et al (2002), however, showed that membrane fusion is dependent on cholesterol and is mediated by receptors, and suggested that the integrity of lipid rafts is vital for productive HIV-1 infection. The role of cholesterol in the binding of HIV-1 to cell membranes was also proposed by Percherancier et al (2003). However, in disagreement with Popik et al (2002) and others, Percherancier et al (2003) suggest that the localisation of CD4 and CCR5 to membrane rafts is not necessary for viral binding. The localisation of CD4 to rafts was inhibited by prevention of the palmitoylation of CD4 and its interaction with p56LCK (a tyrosine kinase known to have a role in the localisation of CD4 to rafts). HIV-1 infection of T cells was not compromised by this interference. The CCR5 receptor does not appear to co-localise to rafts. It was thus suggested that the binding of HIV-1 causes the redistribution of CCR5 [Percherancier et al, 2003], which is also the case with the CXCR4 receptor [16, 18]. 


The role of membrane rafts in the binding of gp41​FD could not be thoroughly investigated in these experiments. Subsequently no further insight into the role of these sphingolipid-enriched microdomains can be given here. However, the role of cholesterol was illustrated by the higher value for the activation energy of the binding of gp41FD to PCPS liposomes (See Figure 3.42a). The receptors and/or cholesterol (present only on the cell membrane surface and not the liposomes) have a role in reducing the activation energy of the binding of the fusion peptide to T cells.

4.6 Potential drug development


The HIV-1 virus has a mutation rate 65 times higher than that of influenza, making it extremely difficult to target drugs to the viral envelope. A better option would appear to be in targeting the CD4 and chemokine co-receptors (CCR5 and CXCR4). Although the presence of these receptors in rafts is disputed, there can be no argument that the receptors have a definite role in the binding of HIV-1 to human cells. However, it has been demonstrated here that the virus can bind successfully to liposomes that lack receptors. Eradicating the receptors from the cell surface would have little effect, as the virus can bind to the lipid bilayer independently. However, the activation energy for the insertion of gp41FD into cell membranes was higher than that for liposomes, suggesting that some energy is needed to dissociate the peptide from the receptor. This mechanism would therefore present the best target for drugs. If the action of the virus binding to receptors cannot be prevented, maybe the dissociation and subsequent insertion of the virus into the membrane can be stopped.

4.7 Appraisal and further study


The use of fluorescein phosphatidyl ethanolamine (FPE) to label membranes was a useful technique for studying the interaction between 

HIV-1 gp41FD and both liposomes and cells. The method of labelling was simple, and provided instant results. The visual interpretation of the data was also simplified by software such as EasyplotTM and Microsoft Excel. The methods applied here could quite easily be used to study the interaction between any peptide and any membrane.


Following the results obtained in these experiments, it would be possible to design further tests to determine possible treatments for HIV and AIDS. The importance of the localisation of receptors to membrane rafts is still unclear, with conflicting views from many sources [e.g. Popik et al, 2002; Percherancier et al, 2003]. The role of membrane rafts needs to be elucidated as this presents a possible avenue for drug research. Another possibility would be to try to prevent the HIV-1 virus from dissociating with membrane receptors and inserting into the lipid bilayer. If this process can indeed be stopped, an exciting potential for drug development exists.         

