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The 20S proteasome is regulated at multiple levels including association with endogenous activators.
Two activators have been described for the yeast 20S proteasome: the 19S regulatory [1] particle and
the Blm10 protein [2], which is the yeast homolog of mammalian PA200 [3].

Blm10 was initially reported to regulate proteasome maturation, and therefore it was questioned
whether PA200 and Blm10 are functionally related [4]. Recent studies have shown that the sequence
of Blm10 contains multiple HEAT-repeats and activates mature proteasomes, suggesting functional
homology with PA200 [5]. However, the labile nature of these complexes has complicated their
structural characterization.

We have developed a purification method that produces high yields of stoichiometric Blm10-mature
yeast 20S proteasome complexes. To determine whether Blm10 interacts with the 20S in a similar
fashion to its mammalian PA200 homolog, we constructed a three-dimensional (3D) model of the
Blm10-20S complex from cryo-electron microscopy images (Fig. 1). This reconstruction shows that
Blm10 binds in a defined orientation to both ends of the 20S particle and contacts all the proteasome
α subunits. Blm10 displays the solenoid folding observed in other HEAT-repeats (Fig. 2A)
containing proteins and the axial gates on the α rings of the proteasome appear to be open (Fig. 2B &
C). These results indicate that the activation mechanism of the yeast 20S proteasome by Blm10 is
similar to the one described for mammalian PA200 and that there is a functional and structural
relationship between yeast Blm10 and mammalian PA200 proteins. Genetic analysis did not reveal a
role for Blm10 in DNA repair, either alone or with Ecm29 (data not shown).
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Fig. 1. Three-dimensional reconstruction
of the Blm10-20S proteasome complex.
Surface representat ion of  the
reconstruction of the Blm102-20S
proteasome complex at 18 Å resolution
compared with the x-ray structure of yeast
20S proteasome (PDB code:1RYP) limited
at similar resolution. From (A) to (D)
different side views of the complex are
shown side by side with the analogous
view of the 20S proteasome. The contour
used for the representation of the Blm102-
20S complex displays a molecular volume
corresponding to a complex of 1.2 MDa.
Blm10 are the non-symmetrical caps
(colored in light brown) bound to the ends
of the proteasome (colored in green). The
two molecules of Blm10 contact the α
rings at both ends of the proteasome in the
same manner.

Fig. 2. Visualization of the solenoid
folding of the Blm10 protein. Opening of
the proteasomal axial channel upon Blm10
binding.
A, Surface representation of the axial view
of the two Blm10 caps in a Blm102-20S
proteasome complex (left & center panels)
compared with the HEAT-repeat
containing structure of karyopherin-β2
protein (PDB code:1QBK) blurred to 18 Å
resolution (right panel). Double-headed
arrows span the thickness of the solenoid
in both proteins. Part of the atomic
structure of karyopherin-β2 (residues Tyr
3 to Leu 394) was docked into the
solenoid path of the Blm10 cap (center
panel). B, Sagital cut of the surface
rendering representation of the Blm102-
20S proteasome complex. The light brown

Blm10 caps at both ends of the 20S proteasome feature an internal cavity communicated with the
digestion chamber of the proteasome by an opening of the axial channel. C, Central section of the
density maps of the Blm102-20S (left panel) and Blm10-20S (right panel) complexes. Density in the
center of the α rings in contact with Blm10 (white arrows) in both complexes is significantly lower
than in the free α ring (yellow arrow) in the asymmetric complex.
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