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Protein ubiquitination is a major post-translational
mechanism that regulates fate and function of many
proteins in the cell, either by regulating their abundance
by the 26S-proteasome-ubiquitin system or by modulating
protein activity by the attachment of the ubiquitin
modifier [1]. Thus, in addition to targeting proteins for
proteasomal degradation, ubiquitin plays a role in many
other non-degradative processes in the cell, including
transcription, cell cycle, DNA repair, apoptosis, immune
response, endosomal sorting, among others [2]. Protein
ubiquitination requires the coordination of an enzymatic
cascade composed by the E1 activation enzyme, E2
conjugating enzyme, and the E3 ligase. Sometimes, E2 can
directly guide ubiquitin to bind to the substrate, but in most
circumstances, the cooperative work of E3 ligase is required
for catalysis and specificity [3]. Deubiquitinating enzymes
(DUBs) can reverse ubiquitination by removing ubiquitin
from protein targets having an opposite function to the E3
ligases. Coordination of these two activities contributes to
the fine-tune regulation of target ubiquitination inside the
cell, and in some cases their abundance or half-life when
ubiquitin targets protein degradation by the proteasome.
Deregulation of DUBs activity can be linked to several
diseases, such as cancer or neurodegeneration among
others, indicating the major role of this proteolytic activity
for a correct cellular homeostasis.

The “ubiquitinome” includes all types of ubiquitin chains
that can be formed by conjugation on the different lysines
in the ubiquitin surface, including the N-terminal residue
of ubiquitin and the combination with other ubiquitin-like
proteins, such as SUMO (Small-Ubiquitin Modifier). K48-
linked chains target proteins for proteasomal degradation,
and K63-linked chains is a non-degradative signal that
plays a role in DNA damage repair; both are perhaps the
most common type of poly-Ub chains. Whereas there are

over 800 types of ubiquitin E3 ligases, which contribute to
the formation of the large variety of ubiquitin chains, the
DUBs family (DeUBiquitinating enzymes) contains over
90 members, also contributing to the regulation of the
“ubiquitinome”.

The DUBs family is composed by 6 structural classes
of proteolytic enzymes according to their structure,
including the ubiquitin-specific proteases (USP), the
ovarian tumor proteases (OTU), the ubiquitin C-terminal
hydrolases (UCHs), the motif interacting with ubiquitin
containing novel DUB family (MINDYs), the JAB1/MPN/
MOV34 metalloprotease DUBs (JAMMs), and ubiquitin-
like proteases (ULPs) [1]. In addition to the conserved
catalytic domain, DUBs usually contain adjacent domains
often involved in target specificity. This is particularly
relevant in the USP family, the most abundant class of
DUBs that displays a large variety of additional domains
N- or C-terminally to the catalytic domain, in some cases
involved in substrate-binding, contributing to ubiquitin
chain-type selectivity. USP25 is an important member
of the USP family and a positive regulator in the Wnt/[-
catenin signaling pathway [4]. The discovery of USP25’s
auto-tetramer catalytic suppression mechanism attracted
much more attention in the field.

We and others have recently revealed a novel and unique
mechanism of regulation of the USP25 activity, which
depends on the 180 amino acid insert in the middle of
the USP catalytic domain [5-7]. USP25 can display two
quaternary structures in vitro and in vivo: dimer or
activated enzyme; and tetramer or inhibited enzyme. In the
tetramer conformation an inhibitory loop from the central
insertion domain partly occludes the active site substrate
surface, thus inhibiting the USP25 activity (Figure 1).
Switching between these two quaternary assemblies
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possibly regulates the activity of USP25 inside the cell. This
tetramerauto-inhibitory mechanism ofregulationin USP25
has no parallel in any other member of the DUB family
[5]. Intriguingly, despite its high sequence homology with
USP28 (more than 50% of sequence identity), structural
and functional analyses reveal a different mechanism of
activity regulation for USP28 [6,7]. Both dimer structures
of USP25 and USP28 are quite similar and both rely on the
coiled-coil helical central domain (Figure 1), however they
have significant differences in the catalytic activity in vitro,
and the efficiency of USP28 is 6 times that of USP25 [6].

So far in the USP family, no deubiquitinating enzymes
other than USP25 have been found to have this tetrameric
auto-inhibitory function, but there are other examples with
auto-inhibition situations, such as in USP14. According
to cryo-electron microscopy and related structural
studies, it has been found that the autoinhibited USP14
apoenzyme has a low catalytic activity, but after binding
to the proteasome, USP14 is activated and its activity
considerably increased [8-10]. Besides, the active site of
USP7 can switch between active and inactive state through
interaction with its C-terminal ubiquitin-like domain. The
active structure involves a rearrangement of the catalytic
domain of USP7 and increases the activity by 100 times
[11,12]. A similar allosteric regulation also occurs in USP4.
The DUSP-Ubl domain at the N-terminal of USP4 is an
essential part of the full catalytic activity of USP4. DUSP
promotes the release of ubiquitin by interfering with the
mechanism, thereby accelerating catalytic conversion [13].
Similarly, Ubp8 singly is a catalytically inactive and needs
to be allosterically activated by other subunits of the SAGA
complex [14,15].

Most USPs are multidomain enzymes containing a
conserved catalytic domain of nearly 300 amino acids,
structurally portrayed as palm, thumb, and fingers, that
contain all elements needed for the proteolytic activity
[16]. The adjacent domains of USPs are usually involved
in their particular functions, sometimes regulating
its activity by binding protein substrates and other
modulators. The central catalytic domains of USP25 and
USP28 share 57% sequence identity and both contain
an insertion domain of approximately 180 amino acids,
formed by a long coiled-coil structure, which acts as a
dimerization hub, followed by an unstructured loop,
which is responsible of the tetramer in USP25 (Figure 1)
[5-7]. The dimer structures in USP25 and USP28 show a
similar “double head” structure, exposing two catalytic
active sites but with slightly different orientations, which
probably prevents the formation of the tetramer assembly
in USP28. In USP25, the loop connecting the coiled-coil
insertion domain interacts with the USP domain from
the opposite dimer, allowing the formation of a tetramer
(or “dimer of dimers”) [5]. However, the equivalent loop
in USP28, which displays a lower sequence homology
in the USP28 family, does not allow the formation of a
tetramer assembly [6]. Interestingly, a chimeric construct
of USP28 containing the loop insertion of USP25 cannot
form a tetramer [7], indicating that the correct orientation
of the USP catalytic domains in the dimer structure is
essential for the correct assembly of the tetramer. We
named the loop connecting the coiled-coil insertion
domain as “inhibitory loop” because by forming the
tetramer assembly it occludes the binding surface of the
“proximal” ubiquitin to the USP2j5 active site. So, despite
the high degree of sequence homology between USP25 and

Coiled- coil

Figure 1: The crystal structure of USP25 and USP28. a Ribbon representation of the two dimers composing the
tetramer structure observed in the crystal structure of USP25. b USP25 dimer structure. USP-like and Coiled-coil
domains are shown in orange and red, respectively. ¢ USP28 dimer structure.
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USP28, they display distinct regulatory mechanisms: both
exist as active dimers, but only USP25 can also exist as an
inhibited-tetramer.

To the question why both USP25 and USP28 have evolved
as active dimers over monomers, it could be speculated
that USP25 or USP28 in the dimeric state would facilitate
substrate binding by interacting to two ubiquitin sites
of a substrate simultaneously. Such coordination of the
deubiquitinating activity from the two active sites of
USP25 or USP28 might increase its proteolytic efficiency
by directly or indirectly binding to proteins complexes
[6,7]. In fact, several USP28 substrates adopt a dimeric
state, and the elongated shape of the tankyrase substrate of
USP25 possesses at least two ubiquitination sites [17,18],
which might be optimal for the “double head” activity of the
USP25 and USP28 dimers. We can also speculate whether
similar oligomerization domain inserts may exist in other
proteases, allowing them to switch between monomer,
dimer or higher oligomerization states.

In the case of USP25, a major question arises to whether
such mechanism oscillating between these two oligomeric
states occurs in the cell. We and others have shown the
presence of dimer and tetramer USP25 assemblies
in vitro and in vivo. It could be easily conceived an
activation mechanism by which binding to the substrate
triggers the tetramer to dimer transition, however, at
least in vitro binding to ubiquitin chains does disrupt the
tetramer [6]. We have proposed a mechanism by which a
posttranslational modification, such as phosphorylation,
could trigger the oligomerization switch between dimer
and tetramer. In fact, a single mutation of Tyr454 for
glutamic acid (a phosphomimetic mutation), located at
the coiled-coil dimerization domain interface, impedes
the formation of the tetramer in vitro, in contrast to the
mutation for phenylalanine, which forms a stable tetramer
alike wild-type USP25 [5]. Others speculate about other
post-translational modifications, such a cis-trans prolyl-
isomerase that could convert the tetrameric cis Pros3s5
to trans Pro, causing the dissociation of the tetramer [6].
It would be interesting in the future to investigate the
molecular mechanism that shifts the equilibrium between
active or inactive state of USP25.

Abnormal activation of Wnt signaling pathway plays
a crucial role in the development of human cancer. The
expression of USP25 regulates Wnt signaling by controlling
the levels of tankyrases and Axin [4], thus USP25 may be
considered to function as an oncogene. Besides, it has been
recently discovered that USP25 can prevent the degradation
of BCR-ABL protein and ensure the proliferation of Ph-
positive leukemia cells, which may become a new target for
the development of chronic myelogenous leukemia (CML)
drugs [19]. Another important function recently assigned

to USP25 entails a role in host defense against RNA and
DNA viruses. After being infected by RNA or DNA viruses,
USP25 can actively regulate virus-triggered IRF3 and NF-
kB activation and subsequent induction of type I IFN and
pro-inflammatory cytokines by stabilizing TRAF3 and
TRAF6, respectively, thus the DUB activity of USP25 can
be considered as an innate immune response against DNA
and RNA viruses [20]. Also, another report indicates that
after viral infection or lipopolysaccharide (LPS) treatment,
the expression level of USP25 is significantly up-regulated
[21]. Recently, chloroquine (CQ) has been considered an
effective treatment for COVID-19, but causing a widespread
controversy. In the treatment of malaria, CQ disrupts the
growth of parasites by increasing the pH of food vacuoles,
but in the antiviral process, the mechanism of CQ has not
been fully determined, but recent results also indicate that
the antiviral effect of CQ may be caused by the alkalization
of phagolysosomes or endolysosomes [22]. Interestingly,
since CQ increases the expression of USP25 mRNA and
protein in a dose-dependent manner [23], perhaps in the
process of using CQ to treat COVID-19, USP25 might play
a role in the regulation of endolysosomes pathway. It will
be interesting to follow future research on this matter.

In summary, the discovery of the auto-inhibitory
mechanism of USP25 has revealed new molecular insights
into its regulatory mechanism, which can help to develop
new tools to tackle connected pathologies and develop
drugs of potential clinical significance.
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