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How would you make a protein cutting 
machine that would be safe to use inside a 
cell? Digestive proteases like trypsin and 
pepsin are small and efficient–they diffuse up 
to proteins and start cutting. This would 
never work inside a cell. The cell needs to 
have more control, so that only obsolete or 
damaged proteins are destroyed. The AAA+ 
proteases are one solution to this problem. 
They use two tricks to ensure that only 
certain proteins are destroyed. First, they hide 
the protein destruction machinery inside a 
closed container, and second, they use a 
special protein pump to feed proteins into 
this destruction chamber. 
 
Heat Shock 
 
Currently, the most complete structures of 
AAA+ proteases are for a bacterial protein 
called HslUV (short for Heat Shock Locus 
gene products U and V). One example is 
shown here, from PDB entry 1yyf. It is 
composed of two types of protein subunits. 
The protease subunits are arranged into a 
hollow barrel at the center, colored blue here. The active sites are hidden on the inside of 
the barrel. The AAA+ ATPase subunits, colored red and orange here, control the entry at 
either end of the complex. They form the pump that feeds proteins inside. HslUV is one 
of many heat shock proteins that are built when the cell heats up to dangerous levels. 
Heat can unfold proteins and cause unwanted aggregation, so a collection of heat shock 
chaperones and proteases are built to refold proteins into their proper form or dispose of 
heat-damaged proteins. 
 
Proteosome 
 
Our cells build a more complex version of HslUV: the proteosome. It has a larger 
destruction chamber at the center, composed of a stack of four ring-shaped protease 
complexes. At either end, there is a more complicated mechanism that looks for proteins 
attached to ubiquitin, and then uses a similar AAA+ ATPase to thread the protein into the 
chamber. For more information on this system, see the Molecule of the Month on 
ubiquitin. 
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AAA+ ATPases 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The protein pump in HslUV is a ring of six subunits surrounding a central channel. As 
seen in the two structures of HslUV shown here at the top (PDB entries 1yyf and 1g3i), 
these rings undergo large changes in shape, powered by ATP. The similar protease 
ClpXP uses 30 to 80 ATP molecules (depending on how stable the protein is) to pull a 
chain of 100 amino acids through its central pore. Ring-shaped ATPases, termed AAA+ 
(ATPases Associated with cellular Activities), are very common in cells and are used for 
a variety of similar jobs. Several examples are available in the PDB, including part of the 
T antigen from simian virus 40 (PDB entry 1svm), which unfolds DNA double helices, 
and p97 (PDB entry 1oz4 or 1r7r) and NSF (PDB entry 1nsf or 1d2n), which unfold 
protein complexes that are involved in membrane traffic. The motor protein dynein also 
relies on AAA+ ATPases to power its motion. 
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Exploring the Structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
You can take a look at the different functional parts of an AAA+ protease in the PDB 
entry 1g3i. In the picture here, I have removed two of the six subunits in each ring to 
show the shape of the interior cavity. The AAA+ ATPase subunits are at the top and 
bottom in red, with the ATP shown in green. At the center is the protease cavity, shown 
in blue, with the catalytic amino acids (threonine 1 and lysine 33) in magenta. 
 
This picture was created with RasMol.  


