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Supplementary Fig. 1. The effect of chemical treatments on the activity of 20S
proteasomes in hydrolysis of model peptide substrates. Chymotrypsin-like and caspase-
like activities were assessed by following degradation of the fluorogenic substrates,
Suc-LLVY-amc (5uM) and Ac-nLPnLD-amc (50uM), respectively. Substrates were
incubated with 10 nM 20S proteasomes for 1 hour at 37°C in the absence (control) or
presence of 0.02% SDS or 40uM Suc-FLF-mna. Stimulation of peptide hydrolysis is
represented as means of fluorescence values collected during 1 minute course of
measurements normalized to that of the control. Similar results were obtained in three

independent experiments.
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Supplementary Fig. 2. IPS cleavage is suppressed by specific proteasome inhibitors.
(a) Dose-dependent inhibition of IPS cleavage by specific proteasome inhibitor MG132.
STAT5-containing gel filtration elution fraction #26 was incubated for 3 hours with or
without 20S proteasomes and stained with Blue R, following SDS-PAGE. Reactions
were supplemented or not with the indicated concentration of MG132. Protein species
that were cleaved or remained intact are marked with arrows or lines to the left of the
reactions. The position of new protein species that appeared after incubation with 20S
proteasomes is marked with an asterisk. The positions of MW markers are shown to the
right. (b) The effect of specific proteasome inhibitors MG132, epoxomicin, and YU102
along with the Protease Inhibitor Cocktail “Complete” on the cleavage of SPT5 by 20S
proteasomes. SPT5-containing fraction was incubated for 90 minutes with or without

20S proteasomes and stained with Blue R, following SDS-PAGE. Reactions were



supplemented with the indicated concentration of proteasome inhibitors. The protease
Inhibitor Cocktail “Complete” (Roche) was added at the fivefold excess over the

concentration recommended by the manufacturer.
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Supplementary Fig. 3. 20S proteasome cleaves the p47 cofactor of p97 at internal

disordered regions while sparing structured domains. (a, b) Immunoblot analysis of the

time course of cleavage of recombinant His6-human p47 protein by 20S proteasomes

with chicken anti-serum raised against the recombinant protein and an antibody specific

to the N-terminal His6-tag. Reactions were assembled as indicated. The positions of the

N-terminal (Nx), middle (M), and C-terminal (Cx) cleavage products are marked with

arrows, asterisks, and lines, respectively, to the left of the panels. The positions of the

MW markers are shown to the right. (c) The model of p47 protein cleavage. The upper



lane is a schematic representation of the structure of p47, with the empty boxes
representing flexible regions and the filled boxes corresponding to the UBA, SEP
[domain present in S. cerevisiae Shp1, Drosophila melanogaster eyes closed gene eyc,
and vertebrate p47], and ubiquitin regulatory X (UBX) domains (Yuan, X., Simpson, P.,
McKeown, C., Kondo, H., Uchiyama, K., Wallis, R., Dreveny, ., Keetch, C., Zhang, X.,
Robinson, C., Freemont, P. & Matthews, S. (2004). Structure, dynamics and
interactions of p47, a major adaptor of the AAA ATPase, p97. EMBO J. 23, 1463—-1473).
The positions of cleavage sites (arrows with numbers) are tentative, based upon the
mobility of cleavage products, time-course of their generation, and mapping of the
cleavage products with specific antibodies. (d, e) Blue R stained SDS-PAGE and
immunoblot analysis of the time course of cleavage of the native rabbit p47 protein
associated with p97/Cdc48 complex. The assignment of cleavage products is based

upon their mobility, time course of their generation, and the proposed cleavage model.
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Supplementary Fig. 4. 20S proteasome cleaves GAPVD1 protein at internal sites
producing cleavage species encompassing structured functional domains. (a) Blue R
stained SDS-PAGE of the time course of cleavage of partly purified GAPVD1 by 20S
proteasomes. The position of the extracted bands and the identification of the proteins
comprised therein are shown to the left (CP, cleavage products of GAPVD1). (b) The
model of GAPVD1 protein cleavage. The upper lane schematically represents the
structure of the longest splicing form of GAPVD1 (GI:51093832) and the filled boxes
correspond to the functional domains (Hunker, C. M., Galvis, A., Kruk, ., Giambini, H.,
Veisaga, M. L. & Barbieri, M. A. (2006). Rab5-activating protein 6, a novel endosomal

protein with a role in endocytosis. Biochem. Biophys. Res. Commun. 340, 967-975).



Mass spectrometry analysis of the trypsin-digested intact protein revealed forty seven
distinct peptides. Asterisks denote positions of peptides derived from the N- and C-
termini and numbers indicate amino acid sequences covered by the peptides. Mass
spectrometry analysis of CP-1 yielded eight distinct peptides that matched peptides
characteristic of the very N-terminus of intact GAPVD1 (bottom left lane). Mass
spectrometry analysis of CP-2 and CP-3 yielded an identical set of sixteen distinct
peptides, which matched all peptides characteristic of the very C-terminal portion of
intact GAPVD1 (bottom right lane). Cleavage products were mapped and the positions
of cleavage sites (cs) predicted based upon correlation of the GAPVD1 amino acid
sequence with peptides either observed or missing in its cleavage products, as well as
upon the mobility of cleavage products. Of note, GAPVD1 cleavage products
encompass Ras GAP or Rab5 GEF domains, indicating that the 20S proteasome splits
the intact protein to uncouple two distinct functional activities that have opposite

regulatory roles in fluid-phase and receptor-mediated endocytosis.
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Supplementary Fig. 5. Yeast and mammalian 20S proteasomes specifically recognize
and cleave the same yeast IPSes (yIPS). Time courses of cleavage of partly purified
yIPSes by either yeast or rabbit 20S proteasomes. Reactions were assembled as

indicated above the panels, with the positions of some yIPSes (arrows) and stable

cellular proteins (lines) marked to the left.
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Supplementary Fig. 6. Purification and characterization of 26S proteasomes. (a)
Purification protocol of 26S proteasomes. (b) Blue R stained SDS-PAGE of fractions

eluted from Superose 6 column. 8 ul aliquot was loaded from each fraction. Peak elution



fractions of 26S proteasomes and free 20S particles are indicated on the top. Bands
corresponding to subunits of the 19S cap and the 20S proteasome are marked with
brackets to the left. (c) Silver stained native PAGE of purified 20S and 26S proteasomes
(fraction #29), used in this study. 0.1 pmole of proteasomes was loaded. Bands
corresponding to free catalytic core as well as singly and doubly capped 26S
proteasomes are marked to the left. Note that fraction #29 contains more singly capped
than doubly capped proteasome species. (d) Electron micrograph of 26S proteasomes
(fraction #29) stained with 1% uranyl acetate. Some singly and doubly capped
proteasomes are marked with black and white arrows, respectively. 207 singly capped
and 77 doubly capped particles were counted on two representative micrographs,
affording an assessment of their relative abundance at a ratio of 8:3. (e) The activity of
20S and 26S proteasomes in hydrolysis of model peptide fluorogenic substrates.
Reactions contained 10 nM proteasomes and were assembled as indicated (see legend
to Supplementary Fig. 1 for more detail). Similar results were obtained in two

independent experiments.
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Supplementary Fig. 7. SPT5 cleavage by different proteasome species. (a) Time
courses of cleavage of partly purified SPT5 with 20S and 26S proteasomes (fraction
#29). Upper and bottom panels show Blue R stained SDS-PAGE and immunoblot
analysis of these reactions, respectively. The positions of intact SPT5 (arrow), its
cleavage products (asterisks), and some of the stable cellular proteins (lines) are
marked to the left. (b) Time courses of cleavage of partly purified SPTS with 26S
proteasomes enriched in singly capped species (fraction #29) and 26S proteasomes
enriched in doubly capped species (fraction #26; see Supplementary Fig. 8a for more
information). Upper and bottom panels show silver stained SDS-PAGE and immunoblot

analysis of these reactions, respectively.
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Supplementary Fig. 8. KPC1 cleavage by different proteasome species. (a) Electron
micrograph of 26S proteasomes (fraction #26) stained with 1% uranyl acetate.
Representative singly and doubly capped proteasomes are marked with black and white
arrows, respectively. 51 singly capped and 126 doubly capped particles were counted
on representative micrographs, affording an assessment of their relative abundance at a
ratio of 2:5. (b) Time courses of cleavage of highly purified KPC1-KPC2 complex with
20S proteasomes, 26S proteasomes enriched in singly capped species (fraction #29),
and 26S proteasomes enriched in doubly capped species (fraction #26). Upper and
bottom panels show silver stained SDS-PAGE and immunoblot analysis of these

reactions, respectively. Note that KPC2 protein is also cleaved by proteasomes.
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Supplementary Fig. 9. Time courses of cleavage of recombinant His6-p47 protein with

20S proteasomes, 26S proteasomes enriched in singly capped species (fraction #29),

and 26S proteasomes enriched in doubly capped species (fraction #26). (a) Blue R

staining of SDS-PAGE and (b) immunoblot analysis of these reactions with chicken anti-

serum raised against the recombinant protein. The positions of the N-terminal (Nx) and

C-terminal (Cx) cleavage products are marked with arrows and lines, respectively.
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Supplementary Fig. 10. The accumulation of IPSes is reversible after the relief from
proteasome inhibition. Three day old LoVo cells were harvested immediately or after 24
hours of incubation in the absence or presence of 3 uM of reversible proteasome
inhibitor MG132. Three flasks with MG132 treated cells were incubated further for 12,
24, or 36 hours after the media was replaced with fresh media containing no MG132.
Cells were harvested and lysates analyzed by western blotting, using antibodies specific
to the indicated IPSes as well as to ribosomal protein PO (loading control). The position

of intact proteins and cleavage products (asterisk) are indicated to the left of the panel.
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