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Ubiquitin conjugation to target proteins followed by their
subsequent proteasomal degradation has become the hall-
mark of the mechanism by which cells specifically remove
regulatory proteins, tune their activity, or destroy damaged
proteins. Along the years, it has become clear that different
modes of ubiquitin conjugation (e.g., length of the ubiquitin
chain or the different internal lysines that serve as linking
anchors to the ubiquitin moieties) can serve numerous
nonproteolytic functions, such as modulating signaling,
metabolism and neuronal activity. A recent study from our
laboratories describes yet another nonproteolytic role of
ubiquitin modification—attenuation of the pathogenic
effects of polyQ-expanded aggregate-prone Huntingtin
(Htt), the culprit protein behind Huntington’s disease (HD).

HD is a progressive and fatal neurological disorder,
caused by a genomic expansion of a Cytosine-Adenine-
Guanine (CAG) repeat in the gene encoding for Htt. The
disease is associated with severe motor symptoms, as well
as cognitive and psychiatric symptoms that often appear
years before motor symptoms manifest [1]. HD symptoms
are attributed to a massive degeneration of striatal neurons,
yet neurons in the neocortex and other brain structures are
also affected, explaining, perhaps, the extensive range of
motor, cognitive and psychiatric symptoms associated
with HD.
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HD is a relatively rare disease (considered an orphan
disease in the USA); yet, research on HD (12,794 hits in
Pubmed, at the time of writing) far exceeds its clinical
centrality. This is due, in part, to the unequivocal identifi-
cation of its genetic cause, and to commonalties with vastly
more prevalent neurological diseases (e.g., Alzheimer and
Parkinson diseases), in which the precipitating causes are
mostly elusive. One such commonalty is the presence of
abnormal protein aggregates in all these diseases, which
have been implicated to varying degrees in the disease
etiology. Consequently, the hope is that insights gained on
protein aggregation in HD and its relationships with HD
etiology, will be informative in broader contexts as well.

Htt is a large (~350kDa) protein which seems to play
multiple roles in cellular physiology [1, 2], although much
is yet to be learned in this regard. What is clear, however, is
that the HD-associated CAG expansion, which translates
into an abnormally long stretch of glutamines (polyQ),
alters mutated Htt (mHtt) properties to the point that it gains
additional, nonphysiological ‘functions’ [1]. Most of mHtt’s
pathological features relate to HTT exon 1, which contains
the aforementioned CAG expansion; in fact, expression of
this fragment in animal models is sufficient to cause an HD-
related phenotype [3-5]. The abnormally long poly-Q
stretch alters Htt’s physicochemical properties, its folding
and its tendency to aggregate, resulting in the appearance of
mHtt cytoplasmic aggregates and nuclear inclusion bodies.
These aggregates are often positive for ubiquitin and com-
ponents of the Ubiquitin-Proteasome System [4, 6, 7],
which seems to indicate that mHtt is marked for proteaso-
mal degradation, but fails to undergo proper degradation
and consequently accumulates in the form of large aggre-
gates. As degradation rates of native Htt are not slowed by
effective UPS inhibitors [8], ubiquitination and subsequent
degradation might mainly pertain to newly synthesized but
and cotranslationally misfolded mHtt molecules destined
for degradation by cellular quality control mechanisms [9].
Accordingly, ubiquitin-positive mHtt aggregates might
reflect an overwhelming and ultimately the failure of
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cellular quality control systems [10]. A similar mechanism
has been described also in another polyQ-expanded
disease—Spinocebellar Ataxia Type 1 ([11])—and it there-
fore might apply to all polyQ-expanded diseases, and pos-
sibly to other neurodegenerative diseases associated with
aggregate-prone proteins.

In agreement with this possibility, two independent stu-
dies, carried out in different HD animal models, reported
that mHtt, but not WT Htt, is selectively ubiquitinated on
two lysine residues located at the N-terminus of this protein
(K6 and K9 [12, 13]). Moreover, in both studies, the
majority of the ubiquitinated mHtt resided in insoluble
protein fractions. These lysines are part of the conserved 17
amino acid N-terminal segment of Htt, that resides upstream
of the polyQ stretch. This segment has been shown to play
crucial roles in mHtt oligomerization and fibril nucleation
[14], in manners sensitive to post-translational modifica-
tions of lysines 6,9 (and 15) through SUMOylation [15]
(note that the authors showed that the same two lysine
residues can be also modified by ubiquitin) or acetylation
[16] (see also Ref. 17). If, as suggested above, ubiquitina-
tion at these sites targets misfolded mHtt to UPS-mediated
degradation, it might be expected that elimination of these
ubiquitination sites would exacerbate mHtt aggregation. A
recent study suggests, however, that the outcome is more
complex [13]. Here, expression vectors encoding for human
mHtt Exon-1 with a 134 glutamine repeat (Htt-134Q) were
prepared in which lysine 6 and 9 were (or were not) mutated
to arginine. These mHtt variants, fused to EGFP, were
expressed in rat cortical neurons in culture, and followed
continuously by time-lapse microscopy for about two
weeks. Surprisingly, elimination of these ubiquitination
sites significantly delayed the appearance of discernable
mHtt aggregates and reduced the total numbers of aggre-
gates observed at the end of this period. Paradoxically,
however, expressing the same fusion proteins in cell lines
revealed that cell death increased and cell survival
decreased in preparations expressing the lysine-less
mHtt forms.

This apparent paradox was resolved by subjecting
extracts of the same cells to biochemical analyses. These
revealed that lysine elimination increased the fraction of
insoluble mHtt at the expense of the soluble fraction,
resulting in minute aggregates detectable by filtration
methods but not by the light microscopy techniques used in
that study [13]. These observations are congruent with the
realization that the most toxic forms of mHtt might not be
the large, readily discernable mHtt aggregates, but rather
minuscule oligomers or ‘protofibrils’ of misfolded mHtt

[9, 18]. Such oligomers have been shown to impair cell
viability by inducing apoptosis [18], or by crippling protein
quality control systems such as ER associated degradation
[9]. Interestingly, while large aggregate appearance rates
were reduced by lysine 6 and 9 elimination, individual
aggregate growth kinetics were not, indicating that ubiqui-
tination accelerates a rate limiting process at the beginning
of aggregate formation such as nucleation [19] or fibril
formation [20]. This interpretation would be in good
agreement with the importance of the N-terminal segment in
mHtt oligomerization and fibril nucleation [14]. It is worth
noting, however, that other forms of post-translational
modification (e.g., phosphorylation, acetylation) within this
region tend to suppress, rather than enhance aggregate
formation [17] as does the addition of lysine residues when
aggregation is tested in cell free conditions [20]. It is also
worth noting that in the studies describing mHtt ubiquiti-
nation mentioned above, it was not reported whether
modifications were of the mono or oligo/poly type, and if
the latter, which internal ubiquitin lysine(s) were involved.
This information is important (although difficult to obtain
due to the destruction of ubiquitin chains during the tryptic
digestion necessary for mass spectrometric analysis) as it
may explain why the adducts are not degraded, and what
changes conferred by ubiquitination render mHtt more
aggregate-prone (Fig. 1).

The observation that ubiquitination enhances mHitt
aggregation—and probably more efficient sequestration of
aggregates away from cellular machineries—is not without
precedent. Thus for example, ubiquitination has been shown
to directly promote the formation of large aggregates of a-
Synuclein [21, 22], a very different protein that forms
insoluble fibrils in pathological conditions such as Parkin-
son’s disease. This brings up an interesting point related to
ubiquitin (and ubiquitin-like) conjugations: Beyond their
obvious influences on protein targeting and trafficking, they
also affect the physicochemical properties of the modified
proteins, promoting formation of large aggregates in some
cases or functionally important interactions in others
[23, 24]. For example, NEDDylation of PSD-95, a key
postsynaptic scaffolding protein, is essential for its function
in spatially organizing postsynaptic molecules and com-
plexes. Inhibiting NEDDylation resulted in declustering of
the protein, and impaired dendritic spine development and
stability, probably via loss of interactions with other pro-
teins [25]. Perhaps this less studied effect of ubiquitination
might prove to be informative in understanding relation-
ships between ubiquitination, aggregate formation, and cell
death in settings beyond Htt and HD.
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Fig. 1 Site specific ubiquitination of Huntingtin on lysine residues
6 and 9 results in the formation of fewer but larger, probably
multi-adduct aggregates. Substituting the ubiquitination sites with
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