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Abstract  

Ubiquilin (Ubqln) proteins, including Ubqln1-4, are a family of ubiquitin-like (UBL) proteins that structurally contain 

anN-terminalubiquitin-like domain, a C-terminalubiquitin-associated (UBA) domain, and aninternal variable number of 

Stil repeat motifs. Unlike those small molecule ubiquitin-like proteins, Ubqln proteins cannot be covalently tagged to the 

proteins that are targeted to the proteasome for degradation. Instead, this family of proteins binds to 

thepolyubiquitinated proteins via the UBA domain and delivers them to the proteasome for degradation, despite their 

involving in autophagy-mediated protein degradation. Increasing studies have suggested that Ubqln proteins play 

important roles in mediating the degradation of damaged/misfolded proteins and thus theirinsufficiencies or 

dysfunctionsare frequently associated with different neurodegenerative disorders. This review summarizes the role of 

Ubqln proteins in several neurodegenerative disorders. 
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Introduction 

Proteins are the most common macromolecules found 
in cells, including neural cells, and play a central role in 
various intracellular biological processes. However, 
proteins frequently become misfolded in various 
neurodegenerative disorders due to genomic mutations, 
transcriptional and translational failures, or various 
stress conditions such as oxidative stress. Since misfolded 
proteins generally lose their native confirmations and 
functions and preferentially tend to aggregate, they are 
potentially toxic to cells [1]. Cells have evolved two major 
mechanisms, the proteasome and autophagy pathways, 
dealing with misfolded proteins. This review focuses on 
the role of ubiquilin proteins in the proteasome pathway 
and several neurodegenerative disorders. 

The Ubiquitin-Proteasome System (Ups) 

The UPS is the major mechanism for degrading 
unneeded and damaged proteins in brain cells [2-4]. 
Degradation of a protein via UPS generally involves the 
following three steps: (1) covalently attaching a 
polyubiquitin chain to a protein substrate, (2) delivery of 
the polyubiquitinated protein to the 26S proteasome by 
ubiquilin (Ubqln) proteins, and (3) degradation of the 
polyubiquitinated protein by the 26S proteasome. The 
tagging of ubiquitin to target proteins occurs at the ε-
amine of lysine residues of the proteins and requires a 
cascade of chemical reactions catalyzed sequentially by 
E1 (ubiquitin activating), E2 (ubiquitin conjugating) and 
E3 (ubiquitin ligating) enzymes [5] (Figure 1, lower 
panel). The repeat reactions by these three enzymes 
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cause the target protein to be conjugated with a 
polyubiquitin chain that will function as a signal for 
targeting to the proteasome for degradation. Generally, 
the shortest ubiquitin chain recognized by the 
proteasome for degradation contains at least four 
ubiquitin moieties linked preferentially through lysine 48 
(K48) [6]. The covalent ubiquitin bonds (isopeptide 
linkages) between ubiquitin and a target protein as well 
as those between ubiquitin proteins can be reversed by 
specific deubiquitinating enzymes (DUBs) (Figure 1). 
Once a polyubiquitin chain is added to a target protein, it 

will then be recognized bya ubiquitin receptor or adaptor, 
such as an Ubqln, which can deliver and couple 
polyubiquitinated proteins to the proteasome for 
degradation [7]. At the proteasome, the 19S lid of the 
proteasome contains deubiquitinating enzymes (DUBs) 
that function to remove the ubiquitin chain prior to the 
target protein entry into the cylinder-like 20S 
proteasomal core [8], where the target protein is 
degraded by the proteasome coreas it contains the 
protease active sites that perform the proteolysis 
reactions [9] (Figure 1, lower panel). 

 
 

 

Figure 1: Role of Ubqln proteins in UPS. 
 

 
Top panel showing the schematic of Ublqn protein 

domain structure containing a UBL domain at the N-
terminus, a UBA domain at the C-terminus, and a variable 
number of internal Stil repeats.  

 
Lower panel showing the role of Ubqln proteins 

inUPS-mediated protein degradation. When a protein is 
misfolded, it is covalently conjugated with a polyubiquitin 
chain by the three enzymes, E1, ubiquitin activating 
enzyme, E2, ubiquitin conjugating enzyme, and E3, 
ubiquitin ligating enzyme. The ubiquitination step can be 
reversed by the deubiquitinating enzymes (DUBs). 
AUbqln protein binds to the polyubiquitinated protein via 
its UBA domain and delivers it to the proteasome where 
the Ubqln protein interacts with the 19S proteasome cap 
through its UBL domain. The DUBs located in the 19S cap 

of the proteasome recognize and break down the 
polyubiquitin chain into individual ubiquitin that will be 
recycled for ubiquitination reactions, while the target 
protein is cleaved into short polypeptides through the 20S 
proteasome core. Subsequently, the cytosolic peptidases 
further digest the polypeptides into amino acids that will 
be re-used in protein synthesis.  
 

Ubiquilin(Ubqln) Family Proteins 

Ubqlnsare a family of proteins characterized by having an 
N-terminal ubiquitin-like (UBL) domain, a C-terminal 
ubiquitin-associated (UBA) domain, and a variable 
number of internal Sti1 ( stress-inducible, heat shock 
chaperonin-binding motif) repeats [10-12] (Figure 1, top 
panel). Mammals have several Ubqln genes. Three of 
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them, Ubqln1 (also known as PLIC-1), Ubqln2 (also 
known asPLIC-2), and Ubqln4 (also known as A1Up, UBIN, 
CIP75), are widely expressed in human and mouse, 
whereas Ubqln3 is only expressed in the testis in both 
human and mouse [10,12-14]. The UBA domain of Ubqln 
proteins is responsible for interaction with polyubiquitin 
chain of ubiquitinated protein, while the UBL domain is 
considered to interact with the proteasome [7]. 
Accordingly, Ubqlns function as ubiquitin receptors or 
adaptors and deliver the polyubiquitinated proteins to 
proteasome for degradation [7]. Interestingly, some 
studies suggest that Ubqlns also regulate auto phagy-
mediated protein degradation [15,16]. However, the exact 
molecular mechanisms remain unclear. 
 

Role of Ubqlns in Neurodegenerative 
Disorders  

Several lines of studies have suggested that Ubqln1 is 
associated with Alzheimer’s disease (AD) and 
Huntington’s disease (HD). In late onset AD patient 
brains, Ubqln1 protein levels are significantly reduced 
and Ubqln1 immuno reactivity is associated with 
neurofibrillary tangle pathology [12,17,18]. Ubqln1 
interacts and regulates both presenilin and amyloid 
precursor protein (APP) stability [19-21]. In the APP/PS1 
AD mice, over expression (OE) of Ubqln1 reduces AD-
caused learning and memory deficits and amyloid-β 
pathology [22]. The beneficial effect exerted by Ubqln1 OE 
is likely attributed to improved protein homeostasis in 
the brain cells, as Ubqln1 can selectively interact with 
misfolded proteins and enhance their degradation 
[23,24]. Since AD is associated with oxidative stress and 
reduced UPS functionality [25-27], OE of Ubqln1 may be a 
therapeutic strategy for treating the disorder. Indeed, our 
studies strongly support this possibility [22]. In addition 
to AD, Ubqln1 is also implicated in HD. Ubqln1 is 
colocalized with mutant huntingtin inclusions in both cell 
and animal models [24,28,29]. OE of Ubqln1 promotes the 
turnover of mutant huntingtin and reduces mutant 
huntingtin cytotoxicity in cell models of HD [24,30]. 
Consistently, OE of Ubqln1 in an HD mouse model 
increases the animal lifespan [31]. These data strongly 
suggest that an increase in Ubqln1 protein level is a 
therapeutic strategy for treating AD and HD.  

 
In addition to the chronic neurodegenerative diseases, 

Ubqln1 also plays a neuroprotective role in acute brain 
injury such as ischemic stroke. OE of Ubqln1 protects 
mouse brains from acute oxidative stress and ischemic 
stroke-caused brain injury, while deletion of the gene 
exacerbates ischemic stroke-caused brain injury [32,33]. 
In addition to improved UPS function, it is also possible 

that the beneficial effects observed from the chronic and 
acute neurological disorders by OE of Ubqln1 are caused 
by improved metabolism, as Ubqln1 transgenic mice also 
exhibited high levels of two energy-sensing proteins, 
sirtuin1 in the hypothalamus and AMP-activated protein 
kinase in the skeletal muscle [34]. Moreover, Ubqln1 itself 
appears to be an ATP-independent molecular chaperone 
protein at least for some plasma and mitochondrial 
membrane proteins [18,23]. Thus, a sufficient amount of 
Ubqln1 should be necessary for maintaining these 
proteins’ normal structures and functions, especially in 
the acute or chronic oxidative stress conditions. 

 
Compared to Ubqln1, Ubqln2 shows a more restricted 

expression pattern, indicating that it may play distinct 
roles from Ubqln1 in cells14. Indeed, one group of 
researchers has shown that Ubqln2 mainly mediates 
autophagy-independent protein degradation in the 
nucleus via the proteasome [35]. Mutations in Ubqln2 
cause dominantly inherited, chromosome X-linked 
amyotrophic lateral sclerosis (ALS) with front temporal 
dementia [36,37]. OE of the mutant gene in rodents mimic 
the human disease [38-40], possibly due to defective 
proteasome delivery of polyubiquitinated proteins by the 
mutant Ubqln2 [36,41]. These results highlight the 
significance of the protein integrity in neuronal survival 
and normal functions.  

 
Ubqln4 was originally identified as an ataxin-1 

interacting nuclear protein [13]. However, increasing data 
suggest the protein playing significant roles in the 
cytoplasm. Lee, et al. showed that Ubqln4 functions as an 
adaptor protein to mediate the interaction between 
Ubqln1 and the autophagy machinery by recruiting 
Ubqln1 to LC3 [42]. Ubqln4 also interacts with BAG6, a 
UBA domain-containing protein [43], and recognizes 
misfolded proteins in the cytoplasm, targeting them to the 
proteasome for degradation [44]. More intriguingly, a 
variant inUbqln4 gene was found o be associated with 
ALS, whose expression impairs proteasomal function and 
compromises axon morphogenesis in mouse motor 
neurons and in zebra fish [45].  
 

Conclusion 

Ubqln family proteins play an important role in the 
UPS system by functioning as ubiquitin receptors and 
coupling the polyubiquitinated proteins to the 
proteasome for degradation. Emerging data also support 
that they involve in autophagy. Insufficiency or 
dysfunctions of Ubqln proteins are associated with 
several neurodegenerative disorders. A better 
understanding of the molecular mechanisms underlying 
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Ublqn functions in normal and disease conditions would 
provide new insights into the pathogenesis of the several 
neurodegenerative disorders mentioned above, leading to 
identification of novel therapeutic strategies to these 
diseases. 
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