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= no infectivity



CA mature lattice

Pornillos, Cell, 2009



CA immature and comparison

Wright, EMBO, 2007



Structural Dynamics of HIV

How?



Hydrogen deuterium exchange MS 

Dilute in D2O buffer

Stop exchange
after specific times 
with acid/freezing



Hydrogen deuterium exchange MS 

Rapidly thaw and digest with pepsin

Mass Spectrometry
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• Structure – information is implied
• Real power is in comparisons
• More powerful with high resolution 

structure of homologous protein or single 
state of protein known

• Applications: identifying binding sites and 
intermolecular interfaces or structural 
changes which result from ligand binding, 
drug treatment, or maturation…

HDX MS and its uses
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Immature and mature EM images: Sundquist, Curr Opin Struct Biol (2008) 18, 203–217

Gag cleavage and maturation
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Immature and mature EM images: Sundquist, Curr Opin Struct Biol (2008) 18, 203–217

Gag cleavage and maturation
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What can I “see”?

1

Step 1 – Peptic digestion and MS/MS proteomic sequencing. 



CA 1-22, 2+

Identifying peptides by MS/MS



Mass spectra show exchange 

Now to make sense of it all…(Actually... > 160 HDX MS runs)



Data processing (there’s a bit)

HD Desktop (hdx.florida.scripps.edu)



TM

SU

Gag

Gag polyprotein

What are the intermolecular contacts? 

Immature gag/capsid assembly



CA 30 - 40 MA-CA

VLPi

Identifying assembly contacts

Nearly all match expected contacts from mature lattice structure



Same or different contacts? 
Progression of maturation? 
Fall apart and reassemble?
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Immature and mature EM images: Sundquist, 
Curr Opin Struct Biol (2008) 18, 203–217

HIV CA maturation



immature mature

N-terminal hairpin
Hallmark of maturation and required for infectivity

Thought to drive maturation following MA-CA cleavage

When does the hairpin form? 



N-terminal of CA

MA-CA

VLPi

VLPm

VLPCA5 (1-22)

(7-22)



β-hairpin forms after SP1 cleavage

MA-CA

VLPi

VLPm
VLPCA5
VLPi
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MA-CA*
(1-22)

(7-22)



N-terminal of CAβ-hairpin forms after SP1 cleavage

VLPm
VLPCA5
VLPi

*

MA-CA*



N-terminal of CAβ-hairpin forms after SP1 cleavage

β-hairpin not formed in CA5 structural intermediate
Forms as a result of maturation rather than an initiator



Helix 1 interactions remodel

CA 23-40

MA-CA

VLPCA5
VLPm
VLPi

Similar exchange patterns for CA 30-40 (H2 only) so variation due to H1.  

Helix 1 orientation changes and transitions during maturation



What happens at the 3-fold axis?

VLPCA5
VLPm/MA-CA
VLPi

CA 80-103

Briggs, PNAS, 2009



Evidence for 3-fold interaction

VLPCA5
VLPm/MA-CA
VLPi interaction

strain

no interaction

CA 80-103

Briggs, PNAS, 2009



Evidence for 3-fold interaction

VLPCA5
VLPm/MA-CA
VLPi interaction

strain

no interaction

CA 80-103

Interaction not present in mature lattice

Similar interaction observed in MLV
(Taylor, J. Mol. Biol. (2008) 376, 1493–1508)

Similar residues well maintained in 
HIV CA sequence



NTD-CTD mature interaction

CA 57-68

MACA/VLPi/VLPCA5

VLPm (slow)

-Previously shown as stabilizing contact 
in mature lattice
-Only portion of CA in mature core
-SP1 keeps CA ‘immature’ in VLPCA5



CTD side of mature NTD-CTD interface

CA 169-189 MACA

VLPi/VLPm

Peptide contains both
CTD portion of mature NTD-CTD 

-and-
CTD dimer interface

But no variation…



CTD dimer interface remodeling

A

BNTD

G (hexamer 2)

CA 57-68

CA 169-189

HDX MS unable to discern equivalent contacts 
CTD-CTD interface remodels during maturation



Possible interface remodeling

Mature latticeIsolated CTD dimers (1a43)
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Mapping variation of CA maturation 



Resulting model of CA maturation



Conclusions

HDX MS can be a powerful tool for examining structure. 

Structure is largely implied but the power is in comparison .

HIV capsid maturation proceeds by remodeling of intermolecular 
interfaces. 

-β-hairpin forms only following CA-SP1 cleavage.

-Interaction 3-fold axis that is strained during maturation 
and absent in mature. 

-CTD Dimer interface likely to remodel during maturation. 

This model does not require disassembly of lattice or hexamers. 
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Thanks again…
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Rous sarcoma spacer peptide
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HIV equivalent:
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