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Ubiquilin: Interaction with Protein-disulfide isomerase,
roles in neuronal death and identification
of the interacting proteins
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Neurons are fragile and very sensitive to stress, whereas glial cells
participate in tolerance against stress by up-regulation of several stress ,
proteins such as heat-shock proteins and glucose-regulated proteins. We
found that prbtein-disulfide isomerase (PDI) is specifically up-regulated
in response to hypoxia/brain ischemia in astrocytes. In addition, the
overexpression of this gene into neurons protects against apoptotic cell
death induced by hypoxia/brain ischemia. In the present study, we first
attempted to isolate the PDl-interacting proteins as protective factors
against hypoxia by yeast two-hybrid screening. We report here that PDI
interacts with ubiquilin, which contains a ubiquitin-like (UBL) domain at
the N-terminus and a ubiquitin-associated (UBA) domain at the C-
terminus. In addition, we found that ubiquilin is intergral ER-membrane
protein with face both UBL and UBA terminus in the cytoplasm of the ER.

Interestingly, ubiquilin is-also up-regulated in response to hypoxia in
glial cells with a time course similar to that of PDI induction. In hypoxia-

"« treated glial cells, the endogenous ubiquilin and PDI were a|most
completely co-localized, suggesting that ubiquilin is an endoplasmic
reticulum-associated protein. Overexpression of this gene in neuronal
cells resulted in significant inhibition 6f the DNA fragmentation triggered
by hypoxia, but not that induced by nitric oxide or staurosporine.
‘Moreover, ubiquilin has the ability to attenuate CHOP induction and
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phosporylation of elF2a by hypoxia. These observations suggested that
ubiquilin together with PDI have critical functions as regulatory proteins
for CHOP-mediated cell death, and therefore up-regulation of these
proteins may result in acquisition of tolerance against ischemic stress in
glial celis. |

Ubiquilin is a PDl-interacting protein in the ER. Ubiquilin-related
proteins play critical roles in protein degradation by the ubiquitin-
'proteasome pathway. It is not completely clear yet how misfolded ER
protein is delivered to the 26S proteasome. Ubiquilin seems to be one of
these previously unrécognized factors in ER-associated protein -
degradation system. To address the detailed function of ubiquilin, we
screened for proteins that interact with its UBA domain using yeast-two
hybrid system. We report here that ubiquilin interacts with ubiquitin and
UBA52, which contains ubiquitin domain at N-terminus and ribosomai
protein at C-terminus. Furthermore, we found that the overexpression of
high levels of ubiquilin resulted in the remarkable accumulation of
ubiquitinated proteins in mammalian cells. On the other hand, we
elucidated that UBL domain interacts specifically with Rpn3, Rpn10a and
'an10e, a subunit of the human 26S proteasome. These resuits suggest
that ubiquilin may encode novel regulators that target unfolded protein to

268 proteasome.

In summary, these results suggested that stress-induced ubiquilin
together with PDI may be contribute to protein folding and degradation
via molecular chaperone activity and interaction with the proteasome. In
fact, hypoxia/brain ischemia causes accumulation of immature and
denatured protein, and consequently the dysfunction of the ER. Thus,
up-regulation of ubiquilin, PDI, and other unfolded protein response-
inducible proteins such as GRPs by ER stress may result in acquisition of
tolerance against stresses by controlling "protein quality."
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Ubiquilin: Interaction with Protein-disulfide isomerase,
roles in neuronal death and identification
of the interacting proteins
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