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Synthetic ubiquitinated proteins meet the
proteasome: Distinct roles of ubiquitin in a chain
Gerbrand J. van der Heden van Noorta,b, Jin Gana,b, and Huib Ovaaa,b,1

Protein homeostasis is tightly regulated, and multiple
cellular mechanisms are in place to dispose of mis-
folded or no-longer-needed proteins. One of the key
players is the ubiquitin (Ub)-proteasome system (UPS),
in which a variety of specific ligases mark substrate
proteins with a Ub “flag” to be recognized by the pro-
teolytic proteasome complex and to be subsequently
degraded. Long poly-Ub chains are believed to be essen-
tial to effect a proteolytic signal, although the proteasomal
Ub receptors do not require long chains to perform
their activating function. In PNAS, Sun et al. (1) use a
clever approach based on the impressive chemical syn-
thesis of poly-ubiquitinated substrate proteins to address
part of this mystery by showing why poly-Ub chains are
important for effective proteasomal degradation.

A typical 26S proteasome consists of a cylindrical
20S core particle (20S-CP) responsible for catalytic
protein degradation, and a 19S regulatory particle in-
volved in the recognition, unfolding, and translocation
of ubiquitinated substrates to the core particle (2).
Three intrinsic 19S subunits (Rpn1, Rpn10, and Rpn13),
together with three reversibly associated shuttling
factors [Rad23 (Rad23A/Rad23B in mammals), Dsk2
(UBQLN1-4 in mammals), and Ddi1], act as Ub recep-
tors that target ubiquitinated substrates for degrada-
tion (3–5). In concert, one or more of the proteasome-
associated deubiquitinating enzymes (DUBs)—USP14
and UCH37—subsequently trim down the Ub chain
(6, 7). The intrinsic 19S subunit Rpn11 serves as final
gatekeeper and balances the en bloc removal of the
remaining Ub chain and substrate degradation (8–10).
Its well-timed actions prevent the substrate protein
from escaping degradation while simultaneously war-
ranting that no Ub is degraded by the 20S-CP. Finally,
the substrates are unfolded and translocated into the
interior of the 20S-CP for degradation (11). The typical
signal for proteasome-mediated degradation is be-
lieved to be a Lys48-linked tetra-Ub chain; however,
this classical selection criterion seems less generally
applicable because substrates equipped with different
Ub linkage types, shorter poly-Ub chains, and even

monoubiquitinated proteins have now been reported
to be degraded by the proteasome in specific cases
(12–16). The subtle differences andmechanistic intricacies
of proteasome-mediated degradation between short-
and long-Ub-chain–carrying substrates is not yet fully
understood.

The study by Brik, Ciechanover, and coworkers (1) dis-
closes part of the mystery on what roles Ub chains with
different lengths play in proteasomal degradation. To do
so, the authors chemically prepared mono-, di-, and tetra-
ubiquitinated α-globin using native chemical ligation tech-
nology based on the reaction of a δ-thiolysine peptide
and a peptide-thioester, followed by radical desulfuriza-
tion (17, 18). The emergence of technologies to prepare
Ub-based reagents, poly-Ub chains, and ubiquitinated
proteins carrying native/artificial and stabilized linkages
has been very helpful for studying and disclosing the mo-
lecular details of many aspects of the complex world of
Ubbiology (19–21). The impressive chemicalmodular con-
struction of ubiquitinated α-globin proteins allows for the
introduction of “handles” at specific positions at will. Sun
et al. placed HA, Myc, and FLAG tags on predetermined
positions, allowing them to investigate the fate of the
proximal Ub, the distal Ub, and the α-globin protein when
subjected to proteasomal degradation in rabbit reticulo-
cyte fraction II, a crude cell extract containing active pro-
teasome, ubiquitination machinery (E1 and most of the
E2 and E3 enzymes), and DUBs, but not Ub.

The authors show that when employing tagged tetra-
Ub α-globin, the distal Ub moiety (depicted in red in Fig.
1) is released by DUB action and subsequently reenters
the Ub conjugation cycle to ubiquitinate other endoge-
nous proteins, whereas the proximal Ub moiety (depicted
in green in Fig. 1) is released and reconjugated 10-fold
less efficiently. When performing a similar experiment
on the shorter, di-Ub–modified protein, both proximal
Ub and distal Ub are released from α-globin by DUB
action and both reenter the conjugation cycle to a sim-
ilar extent. This shows that the proximal Ub in the
longer tetra-Ub chains is more shielded from DUB ac-
tivity than the proximal Ub in the shorter di-Ub chains.
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Sun et al. (1) employ the tagged substrates not only to study
what happens to the individually tagged proximal and distal Ub
moieties, but also to study the rate of degradation of α-globin.
The authors find the efficiency of proteasomal degradation of the
tetra-Ub-chain–modified protein to be higher than for the di-
Ub–modified substrate, and neither mono-Ub, nor free α-globin,
is degraded at all. To study the balance between deubiquitina-
tion and proteasome-mediated degradation, epoxomicin is intro-
duced to inhibit proteasome activity while DUBs remain active to
efficiently remove Ub moieties from the model α-globin protein.
Conversely, inhibition of all cysteine DUBs using the inhibitor Ub alde-
hyde leads to more effective proteasome-mediated degradation of
α-globin in the case of tetra-Ub– and di-Ub–modified α-globin com-
pared with the control situation in which DUBs are not inhibited.

Together, these data imply that proteins carrying a tetra-Ub
chain, although arguably not absolutely necessary to trigger

proteasomal degradation, are degraded more efficiently due to
their ability to remain ubiquitinated long enough to effect de-
struction of the substrates in a cell lysate compared with proteins
carrying a shorter Ub chain. The data also show that DUB activity is
involved in the regulation of the extent of proteasome-mediated
protein degradation.

The work presented by Sun et al. (1) shows how a systematic
approach with the right tools allows the study of a very complex deg-
radation system. The use of chemically prepared ubiquitinated sub-
strates is a helpful strategy to decipher, in detail, the roles that some of
the proteasomal subunits play; such tools will perhaps unveil even
more of the still-remainingmysteries surrounding theUPS in the future.
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