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Functions and regulation of ubiquitination in mammalian systems

The ubiquitin-dependent proteolytic systemisamgor intracellular proteolytic pathway found in dl
eukaryotic cells. In this proteolytic pathway, chains of ubiquitin become covaently linked to proteins
and targets them for recognition and degradation by the 26S proteasome. Although much progress has
been made in our understanding of the biochemica mechanisms and cellular functions of this pathway,
the roles and regulation of this pathway at an organismd level remain lesswell defined. In particular, my
laboratory is interested in determining the functions and regulation of this system in atrophying skeletd
muscle and during spermatogenesis. Our gpproach has been to identify enzymes in the pathway whose
activities are regulated during these processes and to determine their physiologica functions by
determining the effects of manipulation of levels of these regulated enzymes by genetic methods. Asan
intermediate step in the process, we perform biochemical characterization of the enzymes that we
identify and often investigate structure-function relationships. Monoubiquitination is now recognized to
occur and serve other functions such as sgnaing endocytosis and trafficking to lysosomes and to
modulate protein function and thisis dso being explored.

Ubiquitin-dependent proteolysisin skeletal muscle protein degradation

Skeletal muscle protein degradation plays akey role in metabolism by providing amino acid substrates
for gluconeogeness during starvation and in the pathologica condition of diabetes. It isaso activated in
many diseases (e.g. cancer, infection) and therefore plays arole in the muscle protein loss and atrophy
that complicates these conditions. A large body of evidence now indicates that the ubiquitin proteolytic
pathway is activated in muscle atrophying in response to awide variety of conditions and is probably
responsible for the protein catabolism. We have recently identified a deubiquitinating enzymethat is
induced in atrophying skeletal muscle and which when slenced activates myosin heavy chain expresson.
We are further characterizing the functions of this enzyme at both a cdlular leved and in vivo.

Ubiquitin-dependent proteolysis during sper matogenesis

The loss of germ cell proteinsis an important part of the cdlular remodeing thet takes place as
spermatids mature to their eongated form. The mechanisms of degradation of these proteins remain
unclear, but our sudies have implicated the ubiquitin system in these degradative events. To date we
have identified UBCA4-tedtis, a member of the UBCA4 family of ubiquitin conjugating enzymeswhich is
induced during spermatogenesis. To evauate its physiologica function, we have inactivated the gene
encoding the ubiquitin conjugating enzyme in mice and found that this causes adight delay in testis



maturation. To evauate biochemicd function, we have screened for ubiquitin protein ligases (enzymes
which recognize subgtrates in the ubiquitin conjugating pathway) which interact with UBCA4-testis.
Interestingly, we have purified and identified a 500 kDa ligase (LASUL/Mule/ARFBP-1) which can
polyubiquitinate histones which are degraded during spermatogenesis to permit chromeatin condensation.
We are further exploring the functions of thisligase.

Ubiquitination in regulating inter nalization and signaling of the insulin receptor
Monoubiquitination of receptor tyrosine kinases such as the EGF receptor is now well documented to
promote trafficking of the receptor to the lysosomd system. However, whether ubiquitination adso plays
agmilar rolefor the insulin receptor isunclear. The enzymes involved in controlling this ubiquitination
are dso incompletely defined. Using mass spectrometry, we are identifying proteinsinvolved in
ubiquitination that are present in endosomes purified from rat liver following stimulation with insulin or
EGF. Usng SRNA gpproaches, we will test the roles of these proteins in modulating EGF or insulin
receptor trafficking and signding in cultured cdls.
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