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Introduction




Viruses are faced with a tricky problem: they need to get inside cells, but cells are surrounded by a protective membrane. Enveloped viruses like HIV and influenza, which are themselves surrounded by a similar membrane, solve this problem by fusing with the cell membrane. The envelope glycoprotein (Env) of HIV performs the many complex steps needed for membrane fusion. First, it attaches itself to proteins on the surface of the cell. Then, it acts like a spring-loaded mousetrap and snaps into a new conformation that drags the virus and cell close enough that the membranes fuse. Finally, the HIV genome is released into the cell, where it quickly gets to work building new viruses.


Env Synthesis


The Env glycoprotein is found on the surface of HIV, forming little knobs composed of three identical subunits. It is covered with carbohydrate, with about 81 glycosylated sites on each trimer. It is encoded in the HIV genome as one long protein, which is called gp160 (gp is short for "glycoprotein"). Then, as it is transported to the infected cell's surface, the many carbohydrates are added and it is cleaved into two pieces, called gp120 and gp41. Then, it is incorporated into the virus as it buds from the cell surface.


Solving the Structure of Env


The HIV Env glycoprotein has been particularly difficult to study for several reasons: it is covered with flexible carbohydrates, it is normally bound to membranes, and it is intrinsically flexible, since it needs to adopt several different shapes during the process of membrane fusion. Researchers have solved this problem by cutting off all the flexible and sticky bits and studying the rigid core of the molecule. The structure shown here, from PDB entry 4nco, is one of the most complete structures solved so far. It includes gp120 (yellow) with lots of carbohydrate (orange), and the outer portion of gp41 (red). The same molecule has also been studied by electron microscopy in PDB entries 3j5m and 4cc8). The structures also have broadly-neutralizing antibodies bound to Env (not shown here) that are being studied for vaccine design--these will be discussed in more detail next month.


Cellular Receptors




The gp120 portion of Env glycoprotein is in charge of finding cells and attaching to them. It binds selectively to CD4 protein (shown here in blue), which extends from the surface of cells. Then, a shift in the shape of gp120 allows it to bind to a second cellular co-receptor, strengthening the attachment and leading to the fusion event. An early structure, from PDB entry 1gc1, revealed the interaction of CD4 with gp120 by using a truncated form of the viral protein, which had several of the flexible protein loops shortened to something more manageable. The illustration shown here was created by overlapping this groundbreaking structure onto the more recent structure of the trimer, showing how the whole thing might be situated during the process of attachment.


Exploring the Structure




The gp41 portion of Env glycoprotein gets the virus inside the cell after gp120 attaches to the surface. As with the influenza hemagglutinin  protein, a large change in the shape of the protein is thought to drag the viral membrane and cell membrane into close proximity. The formation of a distinctive helical bundle is important in both viruses, as shown on the left in a structure of the extracellular portion of the SIV gp41 protein (PDB entry 2ezo). Researchers have developed new drugs that target this interaction and mimic part of the helical bundle, blocking the formation of this important structure. The image on the right shows one of these drugs (in green) bound to the inner bundle of gp41 helices (in red), from PDB entry 3vie. To explore these structures in more detail, click on the image for an interactive jmol.


Topics for further exploration


	 Many structures for fusion-inhibiting drugs are available in the PDB--try searching for "HIV-1 fusion inhibitor."

	 Take a look at the EMDataBank to see studies of the whole Env glycoprotein, such as these structures of HIV Env and SIV Env
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