Lecture 5 Notes_Molecular Architecture of HIV

Electron microscopy (Transmission)
· Uses a beam of electrons
· Better image than light because electrons have a wavelength 100,000-fold SHORTER than light
· > 50 pm resolution
· Not limited by diffraction (like light)
· Max magnification ~ 10,000,000X
· Light microscope ~ 2,000x

Types of Electron Microscopy
· Transmission
· High powered beam of electrons shot through sample
· Some electrons pass totally through, others hit parts of the sample and are scattered
· Pattern of scatter gives the image of the interior
· Good for very small objects
· Much more powerful than light microscopy	
· Scanning
· Beam scans surface
· Different surfaces absorb different amounts of energy from the beam
· Image constructed from loss of energy 
· Good for larger objects (like insect)

Tomography
· Can be used with any imaging technique, not just EM
[image: 200px-TomographyPrinciple_Illustration]superposition free cross sections S1 & S2 
Project image of full


file from the Wikimedia Commons http://en.wikipedia.org/wiki/File:TomographyPrinciple_Illustration.png
Schematic illustration of the HIV Gag polyprotein
[image: ]Schematic illustration of the HIV Gag polyprotein showing cleavage sites
	Note, x-ray structure of intact Gag has NOT been accomplished.  The picture at the top is a composite of X-ray & NMR structures of individual components and secondary structure prediction algorithms



[image: ]The HIV assembly and maturation process shown schematically with individual stages captured by Cryo-EM:
	- budding HIV-1 VLP
	-immature HIV-1 particle
	-a mature HIV-1 particle


Color code: red, MA; black, CA;
green, NC; blue, p6; gray, spacer peptides; pale blue, glycoprotein;
 yellow, membrane;
 and violet/brown/pink, accessory proteins.




Budding HIV-1 VLP
· Intact Gag targeted to membrane through interaction of MA region and lipids
· Carries RNA along with it (through interactions with NP?)
· Many, many Gag proteins, oriented radially, self-assemble 

Immature HIV-1 particle
· “requires multiple weak but cooperative Gag protein–protein interactions mostly involving the C-terminal domain of CA (CACTD) and the adjacent SP1 peptide in Gag” (Briggs & Kräusslich, p. 493)
· large area without Gag where particle detaches from cell
· more tightly packed than mature in terms of Gag

Mature HIV-1 particle
· Gag cleaved into components
· Capsid is conical
· condensed RNA


[image: ]
Hexameric Gag units within IMMATURE HIV particle
· regular hexameric lattice would lie flat so spaces to get curvature
· edge of budding surface has large “hole” in Gag lattice

[image: ]Schematic showing Gag protein in assembly
	Exterior of particle at top, Cytoplasmic side at bottom
	“Arrows connect individual domains to their radial positions within the reconstruction.”
	Inset is “top-down” image (i.e., at right angles to main image) and shows arrangement of hexamers.  It is also a different scale than main image as shown by yellow scale arrow which shows 8-nm hexamer-to-hexamer spacing
.	White outline (2-lobed “blob”) shows approximate position of a CA dimer (the link between adjacent hexameric units)
	Arrow head shows “rod-like density linking the C-terminal CA to the RNP layer.” “a six-helix bundle formed by the C-terminal residues of CA and the N-terminal residues of SP1.”








[bookmark: _GoBack]Figure below (Figure 3 from paper) shows the various stages in structural maturation of the HIV particle.   The figure is constructed from the results of a series of experiments with various mutants of gag (and thus unnatural variations of Gag). Initially, 4 of the 5 cleavage sites are mutated to prevent cleavage and one cleavage site left intact.  The recombinant protein variant is then expressed and the resultant particles observed by cryo-EM. Other combinations of allowed and unallowed cleavages are also studied.
[image: ]
Fully cleaved Gag (where all proteolytic cleavage is allowed) gives mature HIV particle
When CA to SP1 remains intact but 4 other cleavages occur, MA is free to associate with membrane, NC is free to associate with and condense RNA.  The CA-SP1 polyprotein still begins to form a capsid even though SP1 is still attached.
When MA to SP1 remains intact but 3 other cleavages occur, condensation of RNA and coating with Nucleocapsid (NC, green) occurs. MA-SP1 stays associated with membrane.
When only the cleavage between MA and CA is allowed (CA to p6 remains intact), MA stays on membrane (red) but rest pulls away. 
Intact Gag (where no proteolytic cleavage is allowed) gives immature HIV particle



The authors use this information (and presumably other information) to propose a sequence of cleavage and reorganization from the immature to the mature virus particle.
[image: ]The cone structure of the core/capsid made up of hexamers of CA with occasional (12) pentamers of CA interspersed.  More pentamers occur in base giving conical shape.  Text says pentamer occurs because of “electrostatic switch involving residue Arg18 of CA”.




[image: ]Close-up of CA showing Hexameric N-terminal domains (brown) and C-terminal domains (blue) behind
Hexamer formed by N-terminal domains of CA.
18 helix bundle


[image: ]“Fig. 5. Cryo-electron tomogram of an HIV-1 VLP
budding site. Hexamers indicate the positions of the
hexameric Gag unit cells within the Gag lattice of a
budding VLP superimposed onto a central section
through the tomographic reconstruction of the bud.”
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