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1. Introduction

Ubiquitin ligases (E3s) act in concert with the ubiquitin
activating enzyme (E1) and the ubiquitin conjugating enzyme
(E2) to catalyze ubiquitylation of protein targets [1-7]. The
ubiquitylation enzymatic cascade begins when the C-terminal
carboxylate of ubiquitin binds an active site Cys of E1, thus
forming a thiolester bond. Ubiquitin is then transferred to the
catalytic Cys of E2s, via a similar thiolester linkage. In the final
step, an E3 recruits ubiquitin-loaded E2, recognizes specific
substrates and facilitates or directly catalyzes ubiquitin
transfer to a Lys residue of the target protein.

Itch is a member of the HECT (homologous to the E6-
associated protein carboxy terminus) domain-containing
family of E3s [8]. With a few exceptions, the HECT-type E3s
contain an N-terminal Ca®*-dependent phospholipid-binding
C2 domain, followed by multiple protein-protein interaction
WW domains, and a C-terminal catalytic HECT domain [9,10].
While the C2 domain mediates protein localization to
intracellular membranes, the WW modules recruit substrate
molecules by recognizing Pro-rich regions, most commonly
the PPXY consensus sequence or a phospho-Ser/phospho-Thr
followed by a proline residue. The HECT domain is an
approximately 350 amino acid module that coordinates the
recognition of its cognate E2 and provides the intrinsic
enzymatic E3 activity [9].

Structural studies based on the crystal structure of the
HECT domain of the WWP1E3[11] revealed that it is formed by
two distinct domains, an N-terminal lobe containing the E2
binding site and a C-terminal lobe accommodating the active
site Cys residue. These two lobes are connected by a hinge
region that provides conformational flexibility to the HECT
domain N- and C-terminal halves, and regulates the enzy-
matic activity of the E3.

Additional mechanisms regulating the catalytic properties
of the HECT E3s are based on the establishment of intramo-
lecular interactions implying the HECT domain [12,13]. Itch
catalytic activation is negatively regulated through the associa-
tion of the HECT domain with the central region, including the
WW motifs [12]. The conformational change required to
destabilize the self-inhibitory intramolecular interactions is
induced by Jun N-terminal kinasel (JNK1)-mediated Ser/Thr
phosphorylation [14]. Itch phosphorylation simultaneously
allows substrate recruitment and catalytic activation by
releasing the active site Cys residue. Another example is
provided by the ability of a portion of the HECT module
containing the catalytic Cys to associate with the C2 domain.
This intramolecular interaction inhibits the E3 ubiquitylating
activity by interfering with ubiquitin thiolester formation [13].

In in vitro ubiquitylation assays a recombinant purified Itch
catalyzes its own ubiquitylation as well as modification of
protein substrates in the presence of E1 and the E2 UbcH7
[12,15]. Conversely, an Itch mutant, in which the highly critical
Cys residue in the HECT domain is mutated to Ala is
catalytically inactive (Bernassola and Melino, personal com-
munication). These findings indicate that an intact HECT
domain of Itch in conjunction with the E2 UbcH7 are required
for Itch catalytic activity.

The hinge region is critical for the juxtaposition of the E2
and E3 catalytic Cys residues during ubiquitin transfer. A

conformational change altering the relative orientation of the
two lobes is needed to allow the transthiolation reaction to
take place, because the distance between the E2 and E3 Cys
residues observed in the available experimental structures is
far too long to permit ubiquitin transfer. In an attempt to
understand the degree and precise localization of the required
conformational change, Verdecia et al. [11] have manually
modified the dihedral angles of specific residues of the hinge
loop (Met 804, GIln 805 and Glu 806). The selection of these
latter residues was based on structural considerations only,
and shown to reduce the distance between the HECT’s
catalytic Cys and a modelled thiolester bond [16] between
ubiquitin and E2’s catalytic cysteine, to about 5 A. Even taking
into account the size of the ubiquitin molecule, the distance
between the catalytic Cys residues should be of about 2.5-3.0 A
for the transfer to take place [11]. Clearly a more complex
dynamic behaviour of the hinge region, most likely not limited
to only a few amino acids, has to be invoked for explaining the
catalytic mechanism of the enzyme and this necessarily
requires an investigation of the molecular forces responsible
for the dynamic behaviour of the proteins involved.

The investigation of the dynamic properties of molecular
systems are not easily accessible by experimental methods,
especially for protein complexes of the size of HECT-UbcH?,
therefore they can only be investigated computationally.
Although much care has to be taken in interpreting results of
simulations, these are extremely important tools to formulate
useful hypothesis. In this work, we used molecular dynamics
(MD) simulations, free energy calculations and protein
modelling techniques to map the interacting surfaces among
Itch HECT domain and UbcH7, and to study HECT-UbcH7-
ubiquitin transient thiolester complex in order to clarify
ubiquitin molecule transfer to a target protein.

2. Materials and methods
2.1.  HECT domain modelling

The HECT domain of Itch was modelled by homology. A BLAST
[17] search for homologous proteins of known structure was
carried on the non-redundant protein sequence database and
the protein of known structure (WWP1 HECT domain E3 ligase;
PDB accession code: 1ND7) with the lowest E-value was selected
as template. The sequence identity between the HECT domain
and the template is about 80%. The human HECT domain was
modelled using the automated mode of the SWISS-MODEL tool
[18]. The relative position of the Itch and UbcH7 was modelled
using as template the structure of an EGAP-UbcH7 complex (PDB
code: 1C4Z), by optimal superposition of the main chain of the
modelled HECT domain structure to the main chain of E6GAP
protein present in the X-ray solved complex. In order to
investigate the transfer of the ubiquitin molecule from the E2
protein to the E3-ligase protein, we modelled HECT-UbcH7-
ubiquitin complex in a putative catalytic conformation.

The ubiquitin moiety is present in the structure of Ubcl-
ubiquitin thiolester complex [16] (PDB code: 1FXT) in which
Ubcl structure is similar to UbcH7. Therefore, using the
program VMD [19], we superposed the main chain coordinates
of the Ubc1 to the main chain of UbcH7 protein transferring
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the ubiquitin coordinates into the Itch-UbcH7 model. The
rmsd for this superposition was 2.0 A. The structure of Ubc1l
was subsequently removed. The relaxation of the entire
system was performed by a 200 steps of steepest descent
energy minimization using GROMOS96 force field [20].

2.2.  Molecular dynamics simulation

The MD simulations were performed using the NAMD
program [21]. The system was solvated using VMD software
[19] adding 9200 water molecules. Periodic boundary condi-
tions were used. The added waters were such that the distance
between the protein and its image protein in the adjacent unit
cell was about 12 A. The system electroneutrality was granted
by the addition of four sodium ions. The CHARMM?22 [22] and
TIP3P [23] force fields were used for the protein and the water,
respectively. The time step was set to 2 fs. The electrostatic
interactions were treated using the Ewald particle mesh
methods [24,25]. The simulation was run at constant tem-
perature (300 K) and pressure (1 atm).

The simulation in water of the docked system was carried out
in three steps: (1) water minimization through 1000 steps of
conjugate gradients; (2) minimization of the entire system
through 1000 additional steps of conjugate gradients and (3) MD
simulation of the entire system. The system was equilibrated at
300 K in steps of 50 K each 50 ps. Next, a 3.5 ns molecular dyna-
mics simulation at room pressure and at 300 K was performed.

2.3.  Normal mode analysis (B-Gaussian model)

The coarse-grained model, the B-Gaussian network model [26]
provides a reliable and not very computational time-consum-
ing description (especially if compared with full atom MD
simulations) of concerted large-scale rearrangements in
proteins. In this approach, the concerted motions are
calculated within the quasi-harmonic approximation of the
free energy F around a protein native state (assumed to
coincide with the crystallographic structure or with a
minimized model structure). Thus, a displacement from the
native state 8R = {874, dra,..., 81y} (ri being the displacement of
Ca atom i) is associated with a free energy change AF =(1/
2)3R'F8R, where F is an interaction matrix derived from the
knowledge of contacting Ca (or CA) and CB centroids in the
native state and the } superscript indicates the transpose
matrix. The large-scale motions of the system correspond to
the eigenvectors of F with the smallest non-zero eigenvalues.
To overcome the bias due to starting from a single initial
configuration, the Gaussian model was calculated in four
different systems: (1) the original model, (2) the configuration
proposed by Verdecia and collaborators [11], in which the
and ¢ angles of the amino acids belonging to the hinge loop
were modified in order to reduce the distance between the Cys
residues involved in the interaction, and two different snap-
shots of the MD simulation at 2 and 3.5 ns, respectively.

2.4.  Electrostatic potential calculation
The electrostatic potential on the surface of the proteins was

calculated by solving the Poisson-Boltzmann equation using
the program MolMol [27].

2.5. Computational mutagenesis

The Rosetta interface computational mutagenesis protocol
[28] was used to predict the change in the binding free energy
(AAGping) of residue mutations capturing the van der Waals,
solvation and hydrogen bond contributes of interface residues
to the binding. The algorithm estimates AAG by modelling the
residue mutation in both the protein complex and the
uncomplexed monomers using a backbone-dependent rota-
mer library and the Rosetta Dock energy function. The Rosetta
interface server can be accessed at http://robetta.bakerlab.org.

3. Results

3.1.  Determination of the interaction surfaces of the HECT/
UbcH7 complex

As discussed in the introduction, the biochemical mechanism
of ubiquitin transfer requires conformational changes affect-
ing the relative positioning of the HECT domain of Itch and the
UbcH7 E2. These can be investigated by combining several
well-established computational techniques, such as MD
simulations, normal mode analysis and electrostatic potential
calculations.

The three-dimensional structure of the UbcH7 protein has
been experimentally determined (PDB code: 1C4Z), while no
structure is available for Itch. Therefore we built a compara-
tive model of the latter using the HECT type E6AP protein
coordinates (PDB code: 1FXT) as template (see Section 2).

The dihedral angles of HECT residues Met 804, GIn 805 and
Glu 806 were modified to the same final values used by
Verdecia et al. [11] (#=59.9, =457, ¢=12.1, ¢ =-6.1,
¢=-98.7, y = —3.9, respectively). As mentioned before, after
this manual modification, the distance between the sulphur
atoms of the catalytic Cys residues is about 8 A. The
electrostatic surface potential of the two proteins, calculated
by solving the Poisson-Boltzmann equation, is shown in Fig. 1.
The interaction surfaces of the two proteins are clearly
complementary from an electrostatic point of view. They
include a hydrophobic central region (Fig. 1, shown in white),
including Phe63, Pro97 and Ala98 for UbcH7 protein and
Phe684, Val691, Met703, Val741, Leu688 for HECT domain. The
hydrophobic regions are surrounded by two charged rings, one
positive on the UbcH7 surface and the other negatively
charged on the HECT surface, that are stabilized by several
salt bridges. Tables 1 and 2 show the predicted hydrophobic
and ionic interactions at the interface between Itch and
UbcH7. This is consistent with what we expect for inter-
molecular interactions where the hydrophobic forces stabilize
the protein—protein interaction and the electrostatic forces
orient the molecules and confer specificity to the interaction.

3.2.  Virtual Ala scanning

An approximate estimate of the individual contributions of
the residues involved in the interaction can be obtained by
computational methods. We used the Rosetta interface
computational mutagenesis approach [28], similar in principle
to the experimental Ala-scanning mutagenesis procedure, to
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Fig. 1 - Electrostatic potential mapped on the molecular surface of the HECT domain, (A) and of the UbcH7 protein, (B). Red
and blue represent negative and positive potential calculated using MOLMOL, respectively. (A) Negatively charged amino
acids on the HECT surface are indicated by circles. (B) The circle highlights the UbcH?7 ring of positively charged amino acids.

estimate the change in the binding free energy (AAGping) When
each residue at the interface of the HECT/UbcH7 complex is
mutated to Ala.

We retained the hard cut-off of AAGping > 1.0 kcal/mol to
qualitatively identify hot-spot residues, defined as those
essential for the interaction, since this is expected to
correctly identify 80% of hotspot residue mutations [28] as
judged by a test performed on a set of 19 high-resolution
protein—protein complex crystal structures. A value of
AAGyping for a residue between —1.0 kcal/mol and 1.0 kcal/
mol is indicative of a neutral mutation, and therefore of a
weak contribution of the interaction, AAGying < —1.0 kcal/
mol indicates that a mutation to Ala can potentially increase

Table 1 - Inter-protein hydrophobic interactions within
5A

Position Residue Chain Position Residue Chain
684 Phe A 63 Phe D
688 Leu A 63 Phe D
680 Trp A 97 Pro D
680 Trp A 98 Ala D
691 Val A 63 Phe D
703 Met A 63 Phe D

Chains A and D indicate amino acids belonging to HECT domain
and UbcH7 protein, respectively.

Table 2 - Inter-protein ionic interactions within 6 A

Position Residue Chain Position Residue Chain
681 Asp A 64 Lys D
702 Glu A 5 Arg D
702 Glu A 9 Lys D
700 Asp A 6 Arg D
700 Asp A 6 Lys D

Chains A and D indicate amino acids belonging to HECT domain
and UbcH7 protein, respectively.

binding affinity; values above 1.0 kcal/mol are predictive of
important residues, whose mutation would lead to affinity
decrease. We found that two HECT domain residues (Phel75
and Trpl81) show a positive AAGping (1.19 kcal/mol and
1.03 kcal/mol, respectively) and one UbcH7 residue (Phe63)
resulted in an even larger positive AAGying value (2.14 kcal/
mol). These results suggest that these two HECT domain
residues (Phel75 and Trp181) could be crucial for HECT/
UbcH7 complex binding, and therefore that hydrophobic
interactions are the larger contributors to the affinity of the
complex. All other residues at the interface have AAGping
values not larger than 0.6 kcal/mol, suggesting that their
mutation to Ala might have no functional consequences on
the HECT/UbcH? interaction.

3.3. MD simulation

The time evolution of the conformational change was inves-
tigated by performing 3.5 ns of molecular dynamics simulation.
The MD simulation was already equilibrated after 2 ns (data not
shown). The salt bridges between the amino acids belonging to
the charged rings shown in Table 2 were followed during the
entire MD simulationin order to assess the stability of eachionic
interaction. The results are shown in Fig. 2, where it can be
clearly seen that the interactions are maintained during the
entire MD simulation. Although the initially proposed salt
bridges are conserved and reinforced during the MD simulation,
the distance between the residues Asp700 (on HECT) and Lys9
(in UbcH7) become larger after 2 ns (about 6 A), indicating a
weaker interaction. The distance did not return to its initial
value throughout the simulation. This supports the hypothesis
that this salt bridge is not crucial for the stabilization of the
HECT/UbcH7 interaction. Conversely, the interaction between
the two residues Asp681 (HECT) and Lys64 (UbcH?7) is stabilized
during the MD simulation and their distance becomes even
closer after 2 ns, when the system has converged.

In order to analyse the long-term dynamical properties of
the system, we examined the normal modes of the complex,
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Fig. 2 - Distances (in A) between the amino acids forming salt bridges during the 3.5 ns MD simulation (for details see

Table 2).

that is the vibrational modes at low frequencies. It is known
that the analysis of normal modes requires the evaluation of
the system evolution through tens of nanosecond, which is an
unaffordable task in terms of computing time. To overcome
this difficulty, we used the beta-gm method that implements a
coarse-grained model to describe the dynamics of the protein.
The normal mode analysis, in particular the projection of the
eigenvalues along the principal eigenvector direction, allowed
us to find two different hinge regions around which the lower
frequency movements occur.

The first hinge region comprises the so called “hinge loop
region” that extends from Met785 to GIn786, as already
proposed by Verdecia and collaborators [11]. The second hinge
region is very close to the N-lobe binding region and can be
thought as an imaginary axis joining Gly673 and Gly749 alpha
carbon atoms that we named the “N-lobe axis” (see Fig. 3).

This hinge axis, divides the N-lobe domain into two different
regions, a central region (blue in Fig. 3) and the interaction
region (yellow in Fig. 3). These two regions of the HECT domain
are connected by two loop regions that are likely to be
responsible for the observed flexibility, which corresponds to a
rotation of the interaction region around the N-lobe axis,
shown by the green arrow in Fig. 3. Furthermore, we found
that, upon rotation around the hinge loop region and the N-
lobe axis, i.e., following a combination of the two principal
slow-frequency motions, the distance between the catalytic
Cys residue sulphur atoms, reached 3.5 A, lower than the
previously reported distances by Verdecia et al. [11], and close
enough to account for the ubiquitylation process. Similar
results were obtained by calculating the normal modes using
as starting structure the HECT-UbcH7 complex model without
changing the dihedral angles as proposed by Verdecia et al.

Fig. 3 - HECT/UbcH7 complex model, with the indication of the interaction partners and their domains (red, UbcH7; green,
HECT C-lobe; yellow, the interaction sub-domain of the HECT N-lobe and blue, HECT central sub-domain. The proposed
hinge regions, “hinge loop region” (white) and the ‘“N-lobe axis”, are shown as light-blue and green arrows, respectively.



BIOCHEMICAL PHARMACOLOGY 76 (2008) 1620-1627

1625

[11] and using two snapshots of the MD simulation (data not
shown).

Our analysis of the dynamic behaviour of the system
highlighted the occurrence of a variety of conformational
changes by the HECT domain (E3) not limited to three residues
forming the hinge loop as previously hypothesized, but
consisting of two relevant slow-frequency movements: (a)
the rotation of the C-lobe around the hinge loop and (b) the
rotation of the N-lobe around the N-lobe axis. In other words,
the conformational changes involve the C-lobe region as
previously stated [11], but this flexibility is part of a more
complex mechanism.

4, Discussion

Our analysis of HECT-UbcH7 complex leads to a model of the
ternary complex HECT-UbcH7-ubiquitin in its putative cata-
lytic form that explains the arrangement that leads to their
recognition and to the transfer of the ubiquitin molecule from
the E2 to the targeted substrate. In vitro the thiolester
intermediate has a high conversion rate [29] precluding its
three-dimensional determination by either NMR spectroscopy
or X-ray crystallography; therefore we built a model of the
intermediate taking advantage of the structure of Ubcl-
ubiquitin thiolester complex [16] (PDB code 1FXT; see Section
2). In this model the distances between the HECT catalytic Cys
and the UbcH7-ubiquitin thiolester bond is 2.8 A (Fig. 4), a
value near the optimal distance for catalytic activity [11], while
the distance between UbcH7 and HECT catalytic Cys is 3.5 A.
Our model provides a realistic picture of the structural
relationships between the E2-ubiquitin thiolester intermedi-
ate and the E3 protein.

The computational analysis of protein structure and dyna-
mics is a useful tool for studying phenomena that cannot be

easily investigated experimentally. Because our understanding
of the protein sequence, structure and flexibility relationships is
neither completely accurate or complete, much care has to be
taken in interpreting the results and the analysis is only valid
when supported by experimental data. In this study we used
state of the art methodologies to gain access to the dynamics of
ubiquitin transfer between Itch and UbcH7. Our findings are
rather convincing since, although no constraint was introduced
in the simulations, their results produce a very realistic model
that can account for the proposed catalytic mechanism.

The discovery of the ubiquitin-mediated protein system
(UPS) degradation was achieved thanks to the pioneering work
of Aaron Ciechanover, Avram Hershko and Irwin Rose, the
2004 Nobel Laureates in Chemistry (http://www.nobelpri-
ze.org © The Nobel Foundation 2004) [2-7], who developed
an unprecedented concept: a 2.5 million Dalton protease, three
tagging enzymes and a large protein tag able to specifically
degrade proteins. With the concept came the idea to use this
novel pathway for therapy.

Inhibitors of the proteasome have been developed in the last
years [1]. Alfred L. Goldberg, a pioneerin the field of proteasome
research, co-founded MyoGenetics (subsequently absorbed by
ProScript and later by Millenium) with the original aim of
developing proteasome inhibitors to slow the progression of
muscle wasting diseases. He recognized that inhibiting the
proteasome was an excellent way to study its own function. His
team identified MG132 (MG standing for MyoGenetics), which
remains the most widely used proteasome inhibitor in basic
research, and PS-341 (PS standing for ProScript; also known as
Bortezomib or Velcade®™, Millennium Pharmaceuticals, Inc.)
that has been approved for the treatment of multiple myeloma
(Phase III clinical trial), and has demonstrated efficacy against
other cancers. The original group of enzymologists (led by Ross
Stein), chemists (led by Julian Adams) and cell biologists (led by
Vito Palombella) at MyoGenetics led to the development of

Fig. 4 - HECT-UbcH7-Ubiquitin ternary complex model in a putative catalytic conformation. (A) The HECT domain of Itch is
shown in green; the Ubiquitin molecule in violet and UbcH7 in light blue. (B) The covalent bond that links the E2 (UbcH7) C88
thiol to the Ub C-terminal carboxylate to form the thiolester bond is shown in a ball and stick representation.
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many other UPS inhibitors, such as PS-519, now also in clinical
trials. A relevant survival regulator controlled by the UPS is NF-
kB, where the inhibitor IkB is ubiquitylated by the E3 ligase -
TrCP and is thereby targeted for degradation. UPS inhibitors
potentiate cisplatin-induced apoptosis, and revert cisplatin
drug resistance by inhibiting the NER-dependent repair of
cisplatin-DNA adducts via two distinct mechanisms: (i),
proteasome inhibitor-induced depletion of ubiquitylated his-
tone H2A in nucleosomes, which promotes chromatin con-
densation and possibly interferes with the function of DNA
damage recognition and repair enzymes; (ii), proteaosome
inhibitors diminish the excision repair cross-complementation
group 1 (ERCC-1) response to cisplatin, perhaps secondary to
changes in chromatin structure that interfere with transcrip-
tion of the ERCC-1 gene. These inhibitors of the proteasome are
therefore powerful inducers of apoptosis and are now under-
going evaluation in clinical trials focussed on several cancers.

The regulation of protein stability by the UPS is a critical
issue for further understanding the molecular basis of
tumorigenesis. Aberrant proteolysis of substrates involved in
theregulation of cell cycle, gene transcription and apoptosis has
been shown to contribute to carcinogenesis. As a consequence,
development of reagents that specifically inhibit components of
the ubiquitin system is crucial in analyzing molecules of the
ubiquitylation pathways as potential molecular targets in
cancer therapy.

The stringent hierarchical organization of the UPS offers a
novel source of molecular targets for innovative pharmacolo-
gical therapies. In fact mammals have one proteasome, while
Els, E2s and E3s show a logarithmic sequential expansion, with
several hundreds of E3s described so far. Given the lack of
specificity of proteasome inhibitors, in principle, manipulating
more specific UPS component, such E2s or E3s should provide a
more powerful therapeutic tool. Indeed, targeting specific E3s
should affect a limited number of protein substrates, thus
reducing unwanted side effects. In reality, the theoretical
advantage of targeting E3s should be considered against its
problems: the promiscuity of both enzymes and substrates, and
the complicated intrinsic enzymology required to identify small
molecule inhibitors of E3s. Still, drugs targeting ubiquitin ligases
promise a better therapeutic ratio than proteasome inhibitors.
The identification of specific inhibitors of human Mdm?2 to
regulate p53 in cancer has been successfully described as a
paradigm of E3s inhibitors [30]. The HECT E3s family, with its
intrinsic catalytic ubiquitin transfer activity (reminiscent of
E2s), is easier to inhibit than RING E3s family. Importantly, the
HECT-containing E3s show a clear involvement in cancer, as
indicated in arecentreview [8]. Itch promotes the ubiquitylation
of a variety of protein targets, many of which are crucially
involved in controlling cell growth, differentiation and apopto-
tic cell death [31]. In particular, Itch has several cancer-related
substrates [reviewed in Ref. [31]], including p73 [15], p63 [32], c-
jun, jun-B [14] and Notch, erbB, indicating that an Itch inhibitor
should show anti-cancer properties. Indeed, at least in vitro,
the selective inhibition of Itch is able to sensitize cells to
chemotherapy [33]. This raises the intriguing possibility that
Itch inhibition could prove valuable for therapeutic purposes.
Studies aimed to unveil distinct structural features of single
HECT E3s and/or their catalytic mechanism may facilitate the
development of molecules able to inhibit specific E3s.
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Fig. 5 — Model of the catalytic action of the HECT. Model of
the interaction between the HECT domain (N- and C-lobe)
and the E2, based on the structure of the EGAP-UbcH7 and
the models WWP1/AIP5-UbcH5 and Itch/AIP4-UbcH7;
modified from Refs. [11] and [34]. The HECT C-lobe (pink)
interacts with the E2 (green) thanks to a hinge region
(yellow) and specific residues (not shown) to allow the
catalysis of the catalytic site [11,34]. The scheme (panels
A-D) shows the transfer of ubiquitin (red) from the E2 and
formation of the ubiquitin elongation (panels B-D) by the
HECT domain, before the transfer to the substrate’s lysine
(panel D). Potential areas for drug design are, indeed, (i) the
catalytic site, (ii) the hinge region, as well as (iii) the HECT-
E2 and HECT-substrate interacting residues.

The data presented in this paper are relevant for the
development of Itch inhibitors. Blocking Itch activity could be
achieved by chemically inhibiting E2 recruitment or, alter-
natively, by preventing specific substrate recognition by E3s
(either directly or allosterically). Fig. 5 shows a schematic
model of action of Itch. Itch, following binding of an ubiquitin-
charged E2, forms a thioester bond between its own active site
cysteine and the ubiquitin C-terminus. Subsequently, the
HECT domain catalyzes the formation of an isopeptide bond
between the ¢-N side chain of a lysine residue and the
ubiquitin C-terminal carboxylate. Catalysis requires a rotation
of the N- and C-lobes of the HECT domain on a specific
polypeptide hinge-linking region, shown in yellow in Fig. 5
[11,34]. As shown in Fig. 5, potential areas for drug develop-
ment on Itch are (i) the catalytic site, (ii) the hinge region and
(iii) the HECT-E2 and HECT-substrate interacting residues. In
fact, the experimental data reported in the present paper
contribute by identifying the residues involved.
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