CHAPTER 7: Future Directions



In  Situ Hybridisation Screen for Developmentally
Regulated Ubiquitin Modifying Enzymes

The full potential of the ISH screen for developmentally regulated ubiquitin modifying
enzymes described in Chapter 3 was not realised and the possibility remains that the
expression of some ubiquitin pathway enzymes may be restricted during development due
to participation in specific developmental events. Should this screen be revisited in the
future, there are a number of ways in which it could be improved. The greatest
improvements can be made in the identification of ubiquitin pathway enzymes,
preselection of those targets that are most likely to be expressed at ISH detectable levels

and standardising the procedure for probe selection and synthesis.

In the past five years considerable successes have been made in sequencing complete
genomes, including the mouse genome. Murine sequence data, which is being
progressively annotated, is publicly available through institutions such as NCBI and
ENSEMBL and may be queried using databases such as Entrez Gene and Unigene
(Maglott et al., 2005; Wheeler et al., 2005). The vast increase in knowledge of the mouse
genome is of obvious use in identifying ubiquitin pathway enzymes, particularly those that
are identifiable by characteristic motifs such as the USP class of deubiquitylating enzymes.
For the study described in Chapter 3, cDNA was acquired for 13 distinct USPs. Searching
the Entrez Gene database reveals that these cDNASs represent little over one quarter of the
49 genes that are confirmed or predicted members of this enzyme class and have been
systematically assigned numbers from USP1 to USP54. Although not all ubiquitin
modifying enzymes can be identified by sequence motifs, gene annotation allows for
identification of genes that have been functionally shown to participate in the ubiquitin
pathway. The Unigene database also contains expression profiles compiled from EST
libraries, and this data could be used to pre-screen ubiquitin pathway enzymes for those
that are most likely to be detected by ISH in the early post-implantation mouse embryo.
Hence, increased knowledge of the genome allows for both the identification of a more
comprehensive list of ubiquitin pathway enzymes and the refining of this list to target

genes that are most appropriate for the method of investigation.
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Screening the expression patterns of the target genes by ISH would also be improved by
further standardisation of the process of cDNA acquisition and probe synthesis. Previously,
cDNA was primarily acquired by request and consequently different cDNAs were received
in different vectors. ISH probes were synthesised by in vitro transcription of DIG-labelled
RNA probes from T7, T3 or SP6 Polymerase sites present on the vector backbone, with the
transcription “stop site,” and length of the probe, being determined by prior linearisation of
the vector. Due to the non-standardised nature of the cDNA templates, there was a
significant variation in probe length for different genes, which could potentially result in
variation of hybridisation efficiency and/or background hybridisation of the different
probes. Furthermore, in some instances transcribed vector sequence can also lead to
variation in the background hybridisation of a probe (Witkiewicz et al., 1993). To reduce
this potential variation, probe sequences of a defined length (eg. 400bp) could be designed
for each target gene, from available sequence data. Template cDNA for probe synthesis
could subsequently be cloned from ES cell or embryonic cDNA libraries by PCR, with the
introduction of appropriate sites for linearisation, and inserted into a vector with
appropriate polymerase binding sites (eg pGEMTeasy, Promega). Designing two distinct
probes for each target gene would add further rigour to the study and increase confidence
in the genuine nature of observed expression patterns in the case of ubiquitous or absent

staining.

The experimental protocols used for probe synthesis and in situ hybridisation compare
favourably with published protocols (Abraham, 2001; Correia and Conlon, 2001), and do
not require modification. However, trouble-shooting modifications may sometimes be
appropriate. The most common cause of failure of the probe synthesis reaction is
contamination of the DNA template with trace amounts of RNase. This problem can be
eliminated by Proteinase K digestion of the DNA template, followed by phenol-chloroform
extraction, prior to the synthesis reaction (Abraham, 2001). When conducting ISH, if there
is doubt regarding whether a staining pattern is genuine or results from background
hybridisation this question may be resolved by repeating the experiment with an RNase A
treatment in between hybridising the RNA probe and detection of the probe (Correia and
Conlon, 2001). Double-stranded RNA, such as appropriately bound probe will be resistant
to RNAse A digestion, while single-stranded RNA, such as background hybridised probe,
will be digested. Hence background staining, but not genuine staining, will be reduced by

RNase treatment.
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In conclusion, for the purposes of this thesis, a screen for developmentally regulated
ubiquitin modifying enzymes was not pursued following some ambiguous initial results.
Greater knowledge of the mouse genome today would allow the identification of a larger,
but more select, set of target genes. Applying a similarly designed, but more rigourous,
ISH screen of these target genes during early post-implantation embryogenesis, would

likely yield more significant results.

Analysis of the Role of the Deubiquitylating Enzyme FAM
in Epithelia

FAM Gain of Function Analysis

This thesis has described several approaches to the analysis of the role of FAM in epithelia
through gain of function methodology. Although increased FAM protein levels have been
demonstrated in transiently transfected HEK293T, little success has been achieved in
generating stable FAM gain of function models. A stable FAM gain of function model was
pursued as the epithelial cell line chosen for these studies, MDCKII, are transfected at low
efficiency by liposomal DNA delivery reagents. Hence, the high proportion of unaltered
cells in a transiently transfected population of MDCKII cells will obscure analysis of the
effect of FAM gain of function on the whole population.

It was endeavoured to overexpress FAM in MDCKII cells using two unconditional
overexpression systems and an inducible expression system. In the first unconditional
expression system a single expression cassette drove the expression of FAM-IRES-
neomycin resistance gene mRNA from a chicken B-actin promoter, such that expression of
the selectable marker was dependent on expression of FAM. Following transfection with
this vector, and geneticin selection, very few resistant colonies were generated, and those
that were could not be demonstrated by Western blot analysis to have greater FAM protein
levels than geneticin resistant control cell lines. In the second unconditional expression
system, V5 tagged FAM and the blasticidin resistance gene were expressed from separate
expression cassettes on the same vector driven by the elongation factor-1la promoter and
the EM7 promoter, respectively. Many blasticidin resistant MDCKII colonies formed

following transfection with this vector and blasticidin selection. However, screening of
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individual clones by Western blot analysis revealed detectable expression of exogenous
FAM-VS5 in less than 8% of these clones. To confidently assess total levels of FAM it was
necessary to first raise sera against FAM that would reliably recognise both canine and
murine FAM protein. This was achieved by immunising rabbits with the catalytic domain
of FAM fused to GST (GST-FAMCAT). Affinity purification of anti-FAMCAT antibodies
from the sera was found necessary to adequately reduce confounding background
reactivity (Chapter 5). Application of this antibody to Western analysis of the FAM-V5
expressing clones demonstrated that total FAM levels in these clones were not significantly
greater than in wild type cells or blasticidin resistant control cell lines. The inability to
generate FAM overexpressing cell lines using either of these two unconditional expression
systems suggests that there is strong selective pressure against unconditional increases in
FAM levels. That the exogenous protein was rarely detected in FAM-V5 transfected cell
lines, and was only ever seen to be expressed at low levels suggests that in most instances

the FAM-V5 expression cassette may have been subject to gene silencing.

FAM gain of function analysis in MDCKII cells was further pursued using an inducible
expression system. In an inducible system the FAM expression cassette can be selected for
in the absence of “natural selection” against increased FAM protein levels. A Gateway®
cloning compatible version of the Tet-on inducible system (T-rex; Invitrogen) was chosen
for this purpose. This system is based on the establishment of a parental cell line which
stably expresses a tetracycline responsive transcriptional repressor (TetR). The parental
cell line is then stably transfected with an expression cassette for the gene of interest, FAM,
from which transcription is repressed by TetR. The addition of tetracycline to the culture
media of these cell lines will relieve the transcriptional repression by TetR, and therefore
induce the expression of the gene of interest. Although the TetR MDCKII cell line has
successfully been used in the analysis of other genes of interest (personal communication;
Rino Donato, PhD candidate, Child Health Research Institute, Adelaide, SA), FAM
expression was empirically found not to be inducible using this system. Cell lines were
analysed for the induction of FAM expression by quantitative real time PCR and by
Western blotting, and neither FAM mRNA nor protein was seen to be induced. This
observation has not been further investigated, but could be explained if TetR repression of
FAM expression is not 100% efficient during cell line selection. If this were the case then
the tetracycline responsive FAM expression cassette may be silenced in a similar manner

as was observed for the unconditional FAM expression cassettes. Regardless of the reason
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it has been clearly empirically shown that MDCKII cells appear resistant to increased
FAM levels, where the gain of function methodology is based on cationic liposome or
calcium phosphate mediated delivery of a DNA vector into the cell followed by selection

for stable chromosomal integration of the vector.

Given the ability to transiently overexpress FAM in the HEK293T cell line, greater success
in generating a FAM gain of function MDCK model may be possible with a more efficient
gene delivery system. The most common alternatives to liposomal reagents are viral gene
delivery systems, such as modified retroviruses and adenoviruses. Both these systems have
previously been successfully applied to MDCK cells (Kim et al., 2002; Pastan et al., 1988;
Yeaman et al., 1996; Zambon et al., 2000). However, given that the FAM coding sequence
alone is 7.5kb, design of a FAM expression cassette is likely to be constricted by the
retroviral packaging size limitations (Federspiel and Hughes, 1997) and therefore an
adenoviral system which can accommodate larger transgenes may be more suitable.
Alternatively, methodologies other than gain of function in MDCKII cells may be used to

pursue the role of FAM in epithelia, as discussed below.

Live imaging of FAM

Although, transfection efficiency of MDCK cells by non-viral means is low, it is sufficient
to conduct single cell assays on fluorescently labelled proteins. Indications from the
HEK293T cell line, from which attempts to isolate stable FAM overexpressing cell lines
were unsuccessful, are that FAM can be overexpressed by transient transfection.
Expression of a fluorescently tagged FAM (eg GFP-FAM) would allow FAM to be
observed at the cellular level in real time and opens the possibility of applying recently
developed real time microscopy techniques to the study of FAM (Lippincott-Schwartz and
Patterson, 2003).

The first question to be addressed with GFP-FAM would be the confirmation of FAM’s
localisation in MDCKII cells. Published data shows FAM to be associated with sites of
cell-cell adhesion in MDCKII cells (Taya et al., 1998) and to be predominantly associated
with the Golgi and endosomal compartments in many other cell types (Murray et al, 2004
and unpublished observations). If this is confirmed, it would be interesting to compare

FAM'’s association with the E-cadherin/B-catenin adhesion complex in MDCKII cells and
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other epithelial cell types. There is circumstantial evidence linking FAM to the trafficking
of the E-cadherin/B-catenin adhesion complex (Murray et al., 2004), but this interaction is
poorly characterised. Colocalisation of FAM and E-cadherin or FAM and B-catenin could
be monitored under a variety of conditions (eg stimulation of E-cadherin internalisation by
HGF treatment) to further characterise when and where FAM associates with this complex.
It is also unknown if FAM directly interacts with E-cadherin, or whether they are simply
components within the same complex. FRET (Fluorescence Resonance Energy Transfer)
could be applied to answer this question, and has advantages over biochemical techniques
in that information on the intracellular location where direct interactions between the two

proteins occur is gained.

However, to conduct these experiments fluorescently labelled FAM expression plasmids
must first be constructed. Unfortunately the simplest strategy for achieving this, cloning
FAM using Gateway technology into commercially available GFP fusion vectors has not
yielded competent GFP-FAM expression constructs. These commercially available vectors
encoded the cycle3 GFP variant and, as discussed in Chapter 6, cloning FAM into a fusion
vector encoding the EGFP variant may yield a competent GFP-FAM expression construct.
This may be achieved by either converting a conventional EGFP fusion vector into a
Gateway plasmid or by using conventional cloning techniques. Applying conventional
cloning techniques to the FAM cDNA is complicated by the many restriction enzyme sites
present within the 7.5kb coding sequence. However, using Gateway cloning will introduce
the attB1 recombination site between the GFP and FAM coding sequences, encoding 8aa
which may, or may not, have structural effects on the protein linker region between GFP
and FAM. There is also an alternative vital tag to GFP and GPF-like proteins in the
Lumio™ system (Invitrogen). This system requires expression of the protein of interest as
a fusion with a tetra-cysteine motif. Membrane permeable Lumio™ reagent, which
fluoresces only when complexed with the tetra-cysteine motif, is then added to the
expressing cells to allow visualisation of the protein of interest. As FAM can be
successfully expressed as a fusion with the 23aa V5/His tag at its C-terminus, a similar
fusion of a 6aa tetra-cysteine motif would not be expected to adversely affect the protein’s
stability. However, the Lumio™ fluorescence system is not as well characterised and not
as versatile as GFP and its variants, and obtaining a functional GFP-FAM expression
construct would be preferable.
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FAM Loss of Function Analysis

In recent years it has become possible to complement gain of function experiments in
cultured cells with gene knockdown studies using siRNA (Hannon and Rossi, 2004; Huppi
et al., 2005; Meister and Tuschl, 2004), and this technique has been successfully applied by
others to MDCK cells (Benais-Pont et al., 2003; Ortiz et al., 2004). Two FAM target
sequences, conserved between human and mouse, have been successfully used in siRNA
knockdown experiments of FAM in HeLA cells (Chen et al., 2003), but neither of these
sequences are conserved in the canine FAM sequence. Hence the use of SiRNA in the
canine MDCKII cell line would require designing and testing new siRNA constructs. The
canine FAM (USP9X) sequence recently became available, simplifying the process of
siRNA design. Appropriate siRNA targets can be identified according to established rules
(Elbashir et al., 2001) which can be implemented by freely accessible online software

(available at: www.ambion.com). Subsequently, a number of designed targets are chosen

for empirical testing. These may be constructed by in vitro transcription and the double-
stranded RNA 21mers directly transfected into eukaryotic cells, or DNA expression
vectors encoding the target sequence as a hairpin RNA (shRNA) may be cloned and
transfected into eukaryotic cells. Obviously at this stage the same obstacles need to be
overcome regarding the introduction of siRNA, or siRNA expression constructs, into

MDCKII cells as with the introduction of FAM overexpression constructs.

Several approaches may be taken to the introduction of siRNA into MDCKII. Two such
approaches that are likely to yield high transfection efficiencies are detailed below.
Tailoring of a peptide based transfection reagent, MPG, for the efficient delivery of sSiRNA
has been described (Simeoni et al., 2003). This reagent has recently been commercially
developed (EXPRESS-si) by Genospectra (Fremont, CA, USA) who have achieved up to
90% siRNA transfection efficiency in difficult to transfect cell lines such as terminally
differentiated 3T3L1 adipocytes at a range of cell densities (genospectra, 2005). Although
this reagent is yet to be tested in MDCKII cells, its low toxicity in other cell lines and
simple mechanism of action (direct diffusion through the plasma membrane) means that it
is likely to be more effective at siRNA delivery in MDCKII cells than liposomal
transfection reagents. The second approach, which has been successfully demonstrated for
MDCK cells, is the introduction of shRNA using retrovirus (Schuck et al., 2004).
Retroviral delivery into dividing cells is highly efficient and if expression of the ShRNA is
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coupled with a selectable marker, cell populations in which every cell contains at least one
active copy of the retroviral genome can be obtained. However, shRNA knockdown is not
indefinitely maintained in these cells and knockdown efficiency will slowly decay over a
period of weeks (Schuck et al., 2004).

Should a knockdown of FAM levels be achieved in MDCKII cells through siRNA
technology, these cells would be analysed in a number of ways, including application of
the assays described in Chapter 6. The key questions to be addressed are whether
alterations in FAM protein levels affect cell-cell adhesive properties and whether such
alterations are due to changes in stability or localisation of the E-cadherin/B-catenin
complex. The dynamics of the E-cadherin/p-catenin complex could be examined both
during endocytosis and during formation of adherens junctions. E-cadherin has previously
been shown to be endocytosed and recycled in confluent steady-state MDCK cells using a
biotinylation assay (Le et al., 1999). This assay could be adapted to examine whether
decreased FAM protein results in an increased rate of E-cadherin turnover either at steady-
state or when E-cadherin internalisation is stimulated, such as by HGF treatment (Fujita et
al., 2002). This scenario would be expected if FAM’s role where to oppose the
ubiquitylation and internalisation of E-cadherin. Ubiquitin has regulatory roles at many
points in protein trafficking and so if E-cadherin is a substrate of FAM, trafficking of
newly synthesised and recycling E-cadherin may also be altered by FAM knockdown.
Recovery of E-cadherin and B-catenin to sites of cell-cell contact could be monitored by

fluorescence microscopy following calcium switch.

FAM C1566S Mutant

FAM is a member of the USP class of deubiquitylating enzymes that are identifiable by
conserved histidine and cysteine motifs (Amerik and Hochstrasser, 2004; Wood et al.,
1997). It is generally accepted that the conserved cysteine residue is essential for
deubiquitylating activity and mutation of this residue in a member of the USP class will
yield a catalytically inactive mutant (Cohen et al., 2003a; Gilchrist and Baker, 2000; Li et
al., 2002b). Directed mutagenesis has been used to generate such a FAM mutant, FAM
C1566S, but as yet this mutant has not been further characterised, due to technical
difficulties in introducing expression constructs into MDCKII cells and in generating a

fluorescently tagged FAM. This, presumably, catalytically inactive mutant will be of

126



obvious use in determining which of FAM’s functions are dependent on its
deubiquitylating activity. Of particular interest, if technical difficulties in transfecting FAM
overexpression constructs could be overcome, would be examining the ability of murine
FAM constructs (wild type and C1566S mutant) to rescue a phenotype observed following
FAM knockdown in MDCKII cells with a canine specific SIRNA.

Other Experimental Systems

This thesis and discussion has focused on establishing an experimental model for
examining the role of FAM in cell-cell adhesion regulation, in the MDCKII epithelial cell
line. Although MDCKII cells are a well established and well-characterised epithelial cell
model, given the experienced technical difficulties in working with this canine cell line it is
worth considering other epithelial cell models. A significant disadvantage of changing cell
model is that many of the planned experimental techniques have been established in
MDCK cells and may not be easily applied to all epithelial cells. Also, given the MDCK
cell line is currently unique in the observation of cell-cell contact FAM staining by
immunofluorescence, the study of FAM in this cell line may offer insights into the role of
FAM in cell-cell adhesion that would not be obvious in other model systems.

One key advantage to using an alternative cell line, is that it simplifies the observation of
endogenous proteins. Most antibodies are not raised against canine protein homologues,
and do not recognise the canine proteins as efficiently as the human or murine homologues
against which they were raised. This was found to be particularly true of the N1 anti-FAM
antibody. This antibody was generated against the first 21aa of murine FAM (N21), which
is identical to the corresponding human sequence but is now known to differ from the
canine sequence by a single amino acid substitution. Canine FAM has an N15—S
substitution and although asparagine and serine have weakly similar chemical properties
empirical evidence demonstrates this substitution induces a sufficient structural change to
inhibit the recognition of canine FAM by polyclonal Abs raised against the murine peptide.
This single amino acid substitution between murine and canine FAM is unfortunate given
the high degree of identity between these two proteins (97.6% when murine aa959-1094,
which are not present in the NCBI canine protein sequence, are excluded from the
analysis). To examine endogenous canine FAM, antibodies against canine N21-FAM

peptide should be effective for use in immunofluorescence.
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Conclusion

Gain of function analysis of the role of FAM in polarised epithelia has been approached by
attempts to generate unconditionally or inducibly expressing stable MDCKII cell lines.
Unfortunately, these attempts have not been fruitful, but many alternative methodologies
remain to be applied to the study of FAM in this model epithelial system. It should also be
noted that while analysis of total FAM levels in MDCKII cell lines was hampered by an
initial inability to reliably detect canine FAM protein, the recent release of canine FAM
nucleic acid and protein sequence information will be of great use in designing tools for

future application in the study of FAM.

128



Bibliography

Aberle, H., A. Bauer, J. Stappert, A. Kispert, and R. Kemler. 1997. beta-catenin is a target
for the ubiquitin-proteasome pathway. Embo J. 16:3797-804.

Abraham, T.W. 2001. Preparation of nonradioactive probes for in situ hybridization.
Methods. 23:297-302.

Adams, J.C. 1992. Biotin amplification of biotin and horseradish peroxidase signals in
histochemical stains. J Histochem Cytochem. 40:1457-63.

Allan, V.J., H.M. Thompson, and M.A. McNiven. 2002. Motoring around the Golgi.
Nature Cell Biology. 4:E236 - E242.

Amerik, A.Y., and M. Hochstrasser. 2004. Mechanism and function of deubiquitinating
enzymes. Biochim Biophys Acta. 1695:189-207.

Amerik, A.Y., J. Nowak, S. Swaminathan, and M. Hochstrasser. 2000. The Doa4
Deubiquitinating Enzyme Is Functionally Linked to the VVacuolar Protein-sorting
and Endocytic Pathways. Mol. Biol. Cell. 11:3365-3380.

Amit, S., A. Hatzubai, Y. Birman, J.S. Andersen, E. Ben-Shushan, M. Mann, Y. Ben-
Neriah, and I. Alkalay. 2002. Axin-mediated CKI phosphorylation of beta-catenin
at Ser 45: a molecular switch for the Wnt pathway. Genes Dev. 16:1066-76.

Andersen-Beckh, B., M. Dehe, R. Schulein, B. Wiesner, C. Rutz, U. Liebenhoff, W.
Rosenthal, and A. Oksche. 1999. Polarized expression of the vasopressin V2
receptor in Madin-Darby canine kidney cells. Kidney Int. 56:517-27.

Angers, A., A.R. Ramjaun, and P.S. McPherson. 2004. The HECT domain ligase itch
ubiquitinates endophilin and localizes to the trans-Golgi network and endosomal
system. J Biol Chem. 279:11471-9.

Arnason, T., and M.J. Ellison. 1994. Stress resistance in Saccharomyces cerevisiae is
strongly correlated with assembly of a novel type of multiubiquitin chain. Mol Cell
Biol. 14:7876-83.

Baarends, W.M., E. Wassenaar, J.W. Hoogerbrugge, G. van Cappellen, H.P. Roest, J.
Vreeburg, M. Ooms, J.H. Hoeijmakers, and J.A. Grootegoed. 2003. Loss of HR6B
ubiquitin-conjugating activity results in damaged synaptonemal complex structure
and increased crossing-over frequency during the male meiotic prophase. Mol Cell
Biol. 23:1151-62.

Babst, M., D.J. Katzmann, E.J. Estepa-Sabal, T. Meerloo, and S.D. Emr. 2002a. Escrt-I11:
an endosome-associated heterooligomeric protein complex required for mvb sorting.
Dev Cell. 3:271-82.

Babst, M., D.J. Katzmann, W.B. Snyder, B. Wendland, and S.D. Emr. 2002b. Endosome-
associated complex, ESCRT-II, recruits transport machinery for protein sorting at
the multivesicular body. Dev Cell. 3:283-9.

Balakirev, M.Y., S.O. Tcherniuk, M. Jagquinod, and J. Chroboczek. 2003. Otubains: a new
family of cysteine proteases in the ubiquitin pathway. EMBO Rep. 4:517-22.

Balda, M.S., and K. Matter. 2003. Epithelial cell adhesion and the regulation of gene
expression. Trends Cell Biol. 13:310-8.

Banin, S., L. Moyal, S. Shieh, Y. Taya, C.W. Anderson, L. Chessa, N.I. Smorodinsky, C.
Prives, Y. Reiss, Y. Shiloh, and Y. Ziv. 1998. Enhanced phosphorylation of p53 by
ATM in response to DNA damage. Science. 281:1674-7.

Batlle, E., E. Sancho, C. Franci, D. Dominguez, M. Monfar, J. Baulida, and A. Garcia De
Herreros. 2000. The transcription factor snail is a repressor of E-cadherin gene
expression in epithelial tumour cells. Nat Cell Biol. 2:84-9.

Benais-Pont, G., A. Punn, C. Flores-Maldonado, J. Eckert, G. Raposo, T.P. Fleming, M.
Cereijido, M.S. Balda, and K. Matter. 2003. Identification of a tight junction-

129



associated guanine nucleotide exchange factor that activates Rho and regulates
paracellular permeability. J Cell Biol. 160:729-40.

Berghorn, K.A., J.H. Bonnett, and G.E. Hoffman. 1994. cFos immunoreactivity is
enhanced with biotin amplification. J Histochem Cytochem. 42:1635-42.

Bidmon, H.J., and W.E. Stumpf. 1991. Uptake, distribution and binding of vertebrate and
invertebrate steroid hormones and time-dependence of ponasterone A binding in
Calliphora vicina. Comparisons among cholesterol, corticosterone, cortisol,
dexamethasone, 5 alpha-dihydrotestosterone, 1,25-dihydroxyvitamin D3, ecdysone,
estradiol-17 beta, ponasterone A, progesterone, and testosterone. Histochemistry.
96:419-34.

Blanchette, P., C.A. Gilchrist, R.T. Baker, and D.A. Gray. 2001. Association of UNP, a
ubiquitin-specific protease, with the pocket proteins pRb, p107 and p130.
Oncogene. 20:5533-7.

Bobrow, M.N., T.D. Harris, K.J. Shaughnessy, and G.J. Litt. 1989. Catalyzed reporter
deposition, a novel method of signal amplification. Application to immunoassays. J
Immunol Methods. 125:279-85.

Bobrow, M.N., G.J. Litt, K.J. Shaughnessy, P.C. Mayer, and J. Conlon. 1992. The use of
catalyzed reporter deposition as a means of signal amplification in a variety of
formats. J Immunol Methods. 150:145-9.

Bobrow, M.N., K.J. Shaughnessy, and G.J. Litt. 1991. Catalyzed reporter deposition, a
novel method of signal amplification. 1. Application to membrane immunoassays.
J Immunol Methods. 137:103-12.

Boettner, B., E.E. Govek, J. Cross, and L. Van Aelst. 2000. The junctional multidomain
protein AF-6 is a binding partner of the RaplA GTPase and associates with the
actin cytoskeletal regulator profilin. Proc Natl Acad Sci U S A. 97:9064-9.

Bolos, V., H. Peinado, M.A. Perez-Moreno, M.F. Fraga, M. Esteller, and A. Cano. 2003.
The transcription factor Slug represses E-cadherin expression and induces epithelial
to mesenchymal transitions: a comparison with Snail and E47 repressors. J Cell Sci.
116:499-511.

Boman, A.L. 2001. GGA proteins: new players in the sorting game. J Cell Sci. 114:3413-8.

Borchers, A.G., A.L. Hufton, A.G. Eldridge, P.K. Jackson, R.M. Harland, and J.C. Baker.
2002. The E3 ubiquitin ligase GREUL1 anteriorizes ectoderm during Xenopus
development. Dev Biol. 251:395-408.

Bottaro, D.P., J.S. Rubin, D.L. Faletto, A.M. Chan, T.E. Kmiecik, G.F. Vande Woude, and
S.A. Aaronson. 1991. Identification of the hepatocyte growth factor receptor as the
c-met proto-oncogene product. Science. 251:802-4.

Brown, G.M., R.A. Furlong, C.A. Sargent, R.P. Erickson, G. Longepied, M. Mitchell, M.H.
Jones, T.B. Hargreave, H.J. Cooke, and N.A. Affara. 1998. Characterisation of the
coding sequence and fine mapping of the human DFFRY gene and comparative
expression analysis and mapping to the Sxrb interval of the mouse Y chromosome
of the Dffry gene. Hum Mol Genet. 7:97-107.

Buchert, M., S. Schneider, V. Meskenaite, M.T. Adams, E. Canaani, T. Baechi, K.
Moelling, and C.M. Hovens. 1999. The junction-associated protein AF-6 interacts
and clusters with specific Eph receptor kinases at specialized sites of cell-cell
contact in the brain. Journal of Cell Biology. 144:361 - 371.

Bull, J.H., G. Ellison, A. Patel, G. Muir, M. Walker, M. Underwood, F. Khan, and L.
Paskins. 2001. Identification of potential diagnostic markers of prostate cancer and
prostatic intraepithelial neoplasia using cONA microarray. Br J Cancer. 84:1512-9.

130



Burrows, J.F., M.J. McGrattan, A. Rascle, M. Humbert, K.H. Baek, and J.A. Johnston.
2004. DUB-3, a cytokine-inducible deubiquitinating enzyme that blocks
proliferation. J Biol Chem. 279:13993-4000.

Cadavid, A.L., A. Ginzel, and J.A. Fischer. 2000. The function of the Drosophila fat facets
deubiquitinating enzyme in limiting photoreceptor cell number is intimately
associated with endocytosis. Development. 127:1727-36.

Canning, M., C. Boutell, J. Parkinson, and R.D. Everett. 2004. A RING finger ubiquitin
ligase is protected from auto-catalyzed ubiquitination and degradation by binding to
ubiquitin-specific protease USP7. J Biol Chem.

Cano, A., M.A. Perez-Moreno, |. Rodrigo, A. Locascio, M.J. Blanco, M.G. del Barrio, F.
Portillo, and M.A. Nieto. 2000. The transcription factor snail controls epithelial-
mesenchymal transitions by repressing E-cadherin expression. Nat Cell Biol. 2:76-
83.

Chen, H., S. Fre, V.. Slepnev, M.R. Capua, K. Takei, M.H. Butler, P.P. Di Fiore, and P.
De Camilli. 1998. Epsin is an EH-domain-binding protein implicated in clathrin-
mediated endocytosis. Nature. 394:793-7.

Chen, H., S. Polo, P.P. Di Fiore, and P.V. De Camilli. 2003. Rapid Ca2+-dependent
decrease of protein ubiquitination at synapses. Proc Natl Acad Sci U S A.
100:14908-13.

Chen, H., V.I. Slepnev, P.P. Di Fiore, and P. De Camilli. 1999a. The interaction of epsin
and Eps15 with the clathrin adaptor AP-2 is inhibited by mitotic phosphorylation
and enhanced by stimulation-dependent dephosphorylation in nerve terminals. J
Biol Chem. 274:3257-60.

Chen, L., and N.G. Davis. 2002. Ubiquitin-independent entry into the yeast recycling
pathway. Traffic. 3:110 - 123.

Chen, X., Q. Li, and J.A. Fischer. 2000a. Genetic analysis of the Drosophila DNAprim
gene. The function of the 60-kd primase subunit of DNA polymerase opposes the
fat facets signaling pathway in the developing eye. Genetics. 156:1787-95.

Chen, X., E. Overstreet, S.A. Wood, and J.A. Fischer. 2000b. On the conservation of
function of the Drosophila fat facets deubiquitinating enzyme and Fam, its mouse
homolog. Dev Genes Evol. 210:603-10.

Chen, X., B. Zhang, and J.A. Fischer. 2002. A specific protein substrate for a
deubiquitinating enzyme: Liquid facets is the substrate of Fat facets. Genes Dev.
16:289-94.

Chen, Y.T., D.B. Stewart, and W.J. Nelson. 1999b. Coupling assembly of the E-
cadherin/beta-catenin complex to efficient endoplasmic reticulum exit and basal-
lateral membrane targeting of E-cadherin in polarized MDCK cells. J Cell Biol.
144:687-99.

Chenn, A., and C.A. Walsh. 2002. Regulation of cerebral cortical size by control of cell
cycle exit in neural precursors. Science. 297:365-9.

Cohen, M., F. Stutz, N. Belgareh, R. Haguenauer-Tsapis, and C. Dargemont. 2003a. Ubp3
requires a cofactor, Bre5, to specifically de-ubiquitinate the COPII protein, Sec23.
Nat Cell Biol. 5:661-7.

Cohen, M., F. Stutz, and C. Dargemont. 2003b. Deubiquitination, a new player in Golgi to
endoplasmic reticulum retrograde transport. J Biol Chem. 278:51989-92.

Comijn, J., G. Berx, P. Vermassen, K. Verschueren, L. van Grunsven, E. Bruyneel, M.
Mareel, D. Huylebroeck, and F. van Roy. 2001. The two-handed E box binding
zinc finger protein SIP1 downregulates E-cadherin and induces invasion. Mol Cell.
7:1267-78.

131



Conacci-Sorrell, M., J. Zhurinsky, and A. Ben-Ze'ev. 2002. The cadherin-catenin adhesion
system in signaling and cancer. J Clin Invest. 109:987-91.

Conibear, E., and T.H. Stevens. 1998. Multiple sorting pathways between the late Golgi
and the vacuole in yeast. Biochim Biophys Acta. 1404:211-30.

Cooper, E.M., A.W. Hudson, J. Amos, J. Wagstaff, and P.M. Howley. 2004. Biochemical
analysis of Angelman syndrome-associated mutations in the E3 ubiquitin ligase E6-
associated protein. J Biol Chem. 279:41208-17.

Correia, K.M., and R.A. Conlon. 2001. Whole-mount in situ hybridization to mouse
embryos. Methods. 23:335-8.

Courbard, J.R., F. Fiore, J. Adelaide, J.P. Borg, D. Birnbaum, and V. Ollendorff. 2002.
Interaction between two ubiquitin-protein isopeptide ligases of different classes,
CBLC and AIP4/ITCH. J Biol Chem. 277:45267-75.

Cummins, J.M., C. Rago, M. Kohli, K.W. Kinzler, C. Lengauer, and B. VVogelstein. 2004.
Tumour suppression: disruption of HAUSP gene stabilizes p53. Nature. 428:1 p
following 486.

Davies, G.C., S.A. Ettenberg, A.O. Coats, M. Mussante, S. Ravichandran, J. Collins, M.M.
Nau, and S. Lipkowitz. 2004. Cbl-b interacts with ubiquitinated proteins;
differential functions of the UBA domains of c-Cbl and Cbl-b. Oncogene.

Dealy, M.J., K.VV. Nguyen, J. Lo, M. Gstaiger, W. Krek, D. Elson, J. Arbeit, E.T. Kipreos,
and R.S. Johnson. 1999. Loss of Cull results in early embryonic lethality and
dysregulation of cyclin E. Nat Genet. 23:245-8.

des Portes, V., J.M. Pinard, P. Billuart, M.C. Vinet, A. Koulakoff, A. Carrie, A. Gelot, E.
Dupuis, J. Motte, Y. Berwald-Netter, M. Catala, A. Kahn, C. Beldjord, and J.
Chelly. 1998. A novel CNS gene required for neuronal migration and involved in
X-linked subcortical laminar heterotopia and lissencephaly syndrome. Cell. 92:51-
61.

DeSalle, L.M., E. Latres, D. Lin, E. Graner, A. Montagnoli, R.T. Baker, M. Pagano, and M.
Loda. 2001. The de-ubiquitinating enzyme Unp interacts with the retinoblastoma
protein. Oncogene. 20:5538-42.

Desterro, J.M., M.S. Rodriguez, and R.T. Hay. 1998. SUMO-1 modification of IxBa
inhibits NF-«xB activation. Molecular Cell. 2:233 - 239.

Deveraux, Q., V. Ustrell, C. Pickart, and M. Rechsteiner. 1994. A 26 S protease subunit
that binds ubiquitin conjugates. J Biol Chem. 269:7059-61.

Di Fiore, P.P., S. Polo, and K. Hofmann. 2003. When ubiquitin meets ubiquitin receptors:
a signalling connection. Nat Rev Mol Cell Biol. 4:491-7.

DiAntonio, A., A.P. Haghighi, S.L. Portman, J.D. Lee, A.M. Amaranto, and C.S.
Goodman. 2001. Ubiquitination-dependent mechanisms regulate synaptic growth
and function. Nature. 412:449-52.

Donaldson, K.M., H. Yin, N. Gekakis, F. Supek, and C.A. Joazeiro. 2003. Ubiquitin
signals protein trafficking via interaction with a novel ubiquitin binding domain in
the membrane fusion regulator, Vps9p. Curr Biol. 13:258-62.

Drake, M.T., M.A. Downs, and L.M. Traub. 2000. Epsin binds to clathrin by associating
directly with the clathrin-terminal domain. Evidence for cooperative binding
through two discrete sites. J Biol Chem. 275:6479-89.

Dupre, S., and R. Haguenauer-Tsapis. 2001. Deubiquitination step in the endocytic
pathway of yeast plasma membrane proteins: crucial role of Doa4p ubiquitin
isopeptidase. Molecular and Cellular Biology. 21:4482 4494.

Ebisawa T, F.M., Murakami G, Chiba T, Tanaka K, Imamura T, Miyazono K. 2001.
Smurfl Interacts with Transforming Growth Factor-b Type | Receptor through
Smad7 and Induces Receptor Degradation. J Biol Chem. 276:12477-12480.

132



Ebnet, K., C.U. Schulz, M.K. Meyer Zu Brickwedde, G.G. Pendl, and D. Vestweber. 2000.
Junctional adhesion molecule interacts with the PDZ domain-containing proteins
AF-6 and ZO-1. J Biol Chem. 275:27979-88.

Elbashir, S.M., J. Martinez, A. Patkaniowska, W. Lendeckel, and T. Tuschl. 2001.
Functional anatomy of siRNAs for mediating efficient RNAI in Drosophila
melanogaster embryo lysate. Embo J. 20:6877-88.

Escalier, D., X.Y. Bai, D. Silvius, P.X. Xu, and X. Xu. 2003. Spermatid nuclear and sperm
periaxonemal anomalies in the mouse Ube2b null mutant. Mol Reprod Dev.
65:298-308.

Everett, R.D., M. Meredith, and A. Orr. 1999. The ability of herpes simplex virus type 1
immediate-early protein Vmw110 to bind to a ubiquitin-specific protease
contributes to its roles in the activation of gene expression and stimulation of virus
replication. J Virol. 73:417-26.

Everett, R.D., M. Meredith, A. Orr, A. Cross, M. Kathoria, and J. Parkinson. 1997. A novel
ubiquitin-specific protease is dynamically associated with the PML nuclear domain
and binds to a herpesvirus regulatory protein. Embo J. 16:1519-30.

Federspiel, M.J., and S.H. Hughes. 1997. Retroviral gene delivery. Methods Cell Biol.
52:179-214.

Feng, L., S. Guedes, and T. Wang. 2004. Atrophin-1-interacting protein 4/human ltch is a
ubiquitin E3 ligase for human enhancer of filamentation 1 in transforming growth
factor-beta signaling pathways. J Biol Chem. 279:29681-90.

Fischer, J.A., S.K. Leavell, and Q. Li. 1997. Mutagenesis screens for interacting genes
reveal three roles for fat facets during Drosophila eye development. Dev Genet.
21:167-74.

Fischer-Vize, J.A., G.M. Rubin, and R. Lehmann. 1992. The fat facets gene is required for
Drosophila eye and embryo development. Development. 116:985-1000.

Fisk, H.A., and M.P. Yaffe. 1999. A role for ubiquitination in mitochondrial inheritance in
Saccharomyces cerevisiae. J Cell Biol. 145:1199-208.

Ford, M.G.J., 1.G. Mills, B.J. Peter, Y. Vallis, G.J.K. Praefcke, P.R. Evans, and H.T.
McMahon. 2002. Curvature of clathrin-coated pits driven by epsin. Nature.
419:361 - 366.

Friocourt, G., P. Chafey, P. Billuart, A. Koulakoff, M.-C. Vinet, B.T. Schaar, S.K.
McConnell, F. Francis, and J. Chelly. 2001. Doublecortin interacts with p subunits
of clathrin adaptor complexes in the developing nervous system. Molecular and
Cellular Neuroscience. 18:307 - 319.

Friocourt, G., C. Kappeler, Y. Saillour, F. Fauchereau, M.S. Rodriguez, N. Bahi, M.C.
Vinet, P. Chafey, K. Poirier, S. Taya, S.A. Wood, C. Dargemont, F. Francis, and J.
Chelly. 2005. Doublecortin interacts with the ubiquitin protease DFFRX, which
associates with microtubules in neuronal processes. Mol Cell Neurosci. 28:153-64.

Fujita, Y., G. Krause, M. Scheffner, D. Zechner, H.E. Leddy, J. Behrens, T. Sommer, and
W. Birchmeier. 2002. Hakai, a c-Cbl-like protein, ubiquitinates and induces
endocytosis of the E-cadherin complex. Nat Cell Biol. 4:222-31.

Fujiwara, T., A. Saito, M. Suzuki, H. Shinomiya, T. Suzuki, E. Takahashi, A. Tanigami, A.
Ichiyama, C.H. Chung, Y. Nakamura, and K. Tanaka. 1998. Identification and
chromosomal assignment of USP1, a novel gene encoding a human ubiquitin-
specific protease. Genomics. 54:155-8.

Furuse, M., K. Furuse, H. Sasaki, and S. Tsukita. 2001. Conversion of zonulae occludentes
from tight to leaky strand type by introducing claudin-2 into Madin-Darby canine
kidney I cells. J Cell Biol. 153:263-72.

133



Futter, C.E., A. Pearse, L.J. Hewlett, and C.R. Hopkins. 1996. Multivesicular endosomes
containing internalized EGF-EGF receptor complexes mature and then fuse directly
with lysosomes. J Cell Biol. 132:1011-23.

Galan, J.M., and R. Haguenauer-Tsapis. 1997. Ubiquitin lys63 is involved in ubiquitination
of a yeast plasma membrane protein. Embo J. 16:5847-54.

Garrus, J.E., U.K. von Schwedler, O.W. Pornillos, S.G. Morham, K.H. Zavitz, H.E. Wang,
D.A. Wettstein, K.M. Stray, M. Cote, R.L. Rich, D.G. Myszka, and W.I. Sundquist.
2001. Tsg101 and the vacuolar protein sorting pathway are essential for HIV-1
budding. Cell. 107:55-65.

genospectra. 2005. EXPRESS-si Reagent Delivers siRNA into Difficult-to-Transfect
Differentiated 3T3-L1 Adipocytes. In Application Note.

Getsios, S., A.C. Huen, and K.J. Green. 2004. Working out the strength and flexibility of
desmosomes. Nat Rev Mol Cell Biol. 5:271-81.

Gewies, A., and S. Grimm. 2003. UBP41 is a proapoptotic ubiquitin-specific protease.
Cancer Res. 63:682-8.

Gilchrist, C.A., and R.T. Baker. 2000. Characterization of the ubiquitin-specific protease
activity of the mouse/human Unp/Unph oncoprotein. Biochim Biophys Acta.
1481:297-3009.

Ginalski, K., L. Rychlewski, D. Baker, and N.V. Grishin. 2004. Protein structure
prediction for the male-specific region of the human Y chromosome. Proc Natl
Acad Sci U S A. 101:2305-10.

Glickman, M.H., and A. Ciechanover. 2002. The ubiquitin-proteasome proteolytic pathway:
destruction for the sake of construction. Physiol Rev. 82:373-428.

Govers, R., T. ten Broeke, P. van Kerkhof, A.L. Schwartz, and G.J. Strous. 1999.
Identification of a novel ubiquitin conjugation motif, required for ligand-induced
internalization of the growth hormaone receptor. The EMBO Journal. 18:28 - 36.

Govers, R., P. van Kerhof, A.L. Schwartz, and G.J. Strous. 1997. Linkage of the ubiquitin-
conjugating system and the endocytic pathway in ligand-induced internalization of
the growth hormone receptor. The EMBO Journal. 16:4851 - 4858.

Graner, E., D. Tang, S. Rossi, A. Baron, T. Migita, L.J. Weinstein, M. Lechpammer, D.
Huesken, J. Zimmermann, S. Signoretti, and M. Loda. 2004. The isopeptidase
USP2a regulates the stability of fatty acid synthase in prostate cancer. Cancer Cell.
5:253-61.

Gumbiner, B., B. Stevenson, and A. Grimaldi. 1988. The role of the cell adhesion molecule
uvomorulin in the formation and maintenance of the epithelial junctional complex.
J Cell Biol. 107:1575-87.

Gupta, K., M. Chevrette, and D.A. Gray. 1994. The Unp proto-oncogene encodes a nuclear
protein. Oncogene. 9:1729-31.

Haegel, H., L. Larue, M. Ohsugi, L. Fedorov, K. Herrenknecht, and R. Kemler. 1995. Lack
of beta-catenin affects mouse development at gastrulation. Development. 121:3529-
37.

Hagglund, R., and B. Roizman. 2004. Role of ICPO in the strategy of conquest of the host
cell by herpes simplex virus 1. J Virol. 78:2169-78.

Haglund, K., N. Shimokawa, I. Szymkiewicz, and I. Dikic. 2002. Cbl-directed
monoubiquitination of CINS85 is involved in regulation of ligand-induced
degradation of EGF receptors. Proc Natl Acad Sci U S A. 99:12191-6.

Haglund, K., S. Sigismund, S. Polo, I. Szymkiewicz, P.P. Di Fiore, and I. Dikic. 2003.
Multiple monoubiquitination of RTKs is sufficient for their endocytosis and
degradation. Nat Cell Biol. 5:461-6.

134



Hannon, G.J., and J.J. Rossi. 2004. Unlocking the potential of the human genome with
RNA interference. Nature. 431:371-8.

Harada, T., C. Harada, Y.L. Wang, H. Osaka, K. Amanai, K. Tanaka, S. Takizawa, R.
Setsuie, M. Sakurai, Y. Sato, M. Noda, and K. Wada. 2004. Role of ubiquitin
carboxy terminal hydrolase-L1 in neural cell apoptosis induced by ischemic retinal
injury in vivo. Am J Pathol. 164:59-64.

Harlow, E., and D. Lane. 1999. Using Antibodies: a laboratory manual. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor.

Hatakeyama, S., M. Yada, M. Matsumoto, N. Ishida, and K.I. Nakayama. 2001. U box
proteins as a new family of ubiquitin-protein ligases. J Biol Chem. 276:33111-20.

Hecht, A., and R. Kemler. 2000. Curbing the nuclear activities of beta-catenin. Control
over Wnt target gene expression. EMBO Rep. 1:24-8.

Helliwell, S.B., S. Losko, and C.A. Kaiser. 2001. Components of a ubiquitin ligase
complex specify polyubiquitination and intracellular trafficking of the general
amino acid permease. J Cell Biol. 153:649-62.

Hershko, A., and A. Ciechanover. 1998. The ubiquitin system. Annu Rev Biochem. 67:425-
79.

Hicke, L. 1999. Gettin' down with ubiquitin: turning off cell-surface receptors, transporters
and channels. Trends Cell Biol. 9:107-12.

Hicke, L., and R. Dunn. 2003. Regulation of membrane protein transport by ubiquitin and
ubiquitin-binding proteins. Annu Rev Cell Dev Biol. 19:141-72.

Hillen, W., and C. Berens. 1994. Mechanisms underlying expression of Tn10 encoded
tetracycline resistance. Annu Rev Microbiol. 48:345-69.

Hillen, W., C. Gatz, L. Altschmied, K. Schollmeier, and I. Meier. 1983. Control of
expression of the Tn10-encoded tetracycline resistance genes. Equilibrium and
Kinetic investigation of the regulatory reactions. J Mol Biol. 169:707-21.

Hinck, L., I.S. Nathke, J. Papkoff, and W.J. Nelson. 1994. Dynamics of cadherin/catenin
complex formation: novel protein interactions and pathways of complex assembly.
J Cell Biol. 125:1327-40.

Hochstrasser, M., Kornitzer, D. 1998. Ubiquitin-Dependent Degradation of Transcription
Regulators. In Ubiquitin and the Biology of the Cell. J.M. Peters, Harris, J.R.,
Finley, D., editor. Plenum Press, New York. 279-302.

Hock, B., B. Bohme, T. Karn, T. Yamamoto, K. Kaibuchi, U. Holtrich, S. Holland, T.
Pawson, H. Rubsamen-Waigmann, and K. Strebhardt. 1998. PDZ-domain-mediated
interaction of the Eph-related receptor tyrosine kinase EphB3 and the ras-binding
protein AF6 depends on the kinase activity of the receptor. Proceedings of the
National Academy of Sciences, USA. 95:9779 - 9784.

Hofmann, K., and P. Bucher. 1996. The UBA domain: a sequence motif present in multiple
enzyme classes of the ubiquitination pathway. Trends Biochem Sci. 21:172-3.
Hofmann, K., and L. Falquet. 2001. A ubiquitin-interacting motif conserved in components
of the proteasomal and lysosomal protein degradation systems. Trends Biochem Sci.

26:347-50.

Hogan, B., Beddington, R., Constantini, F., Lacy, E. (eds). 1994. Manipulating the Mouse
Embryo: a Laboratory Manual, 2nd Edition. Cold Spring Harbor Laboratory Press,
Plainview, NY.

Holowaty, M.N., Y. Sheng, T. Nguyen, C. Arrowsmith, and L. Frappier. 2003a. Protein
interaction domains of the ubiquitin-specific protease, USP7/HAUSP. J Biol Chem.
278:47753-61.

Holowaty, M.N., M. Zeghouf, H. Wu, J. Tellam, V. Athanasopoulos, J. Greenblatt, and L.
Frappier. 2003b. Protein profiling with Epstein-Barr nuclear antigen-1 reveals an

135



interaction with the herpesvirus-associated ubiquitin-specific protease
HAUSP/USP7. J Biol Chem. 278:29987-94.

Honda, R., H. Tanaka, and H. Yasuda. 1997. Oncoprotein MDM2 is a ubiquitin ligase E3
for tumor suppressor p53. FEBS Lett. 420:25-7.

Honda, R., and H. Yasuda. 1999. Association of p19(ARF) with Mdmz2 inhibits ubiquitin
ligase activity of Mdm2 for tumor suppressor p53. Embo J. 18:22-7.

Honda, R., and H. Yasuda. 2000. Activity of MDMZ2, a ubiquitin ligase, toward p53 or
itself is dependent on the RING finger domain of the ligase. Oncogene. 19:1473-6.

Hoppe, T., K. Matuschewski, M. Rape, S. Schlenker, H.D. Ulrich, and S. Jentsch. 2000.
Activation of a membrane-bound transcription factor by regulated
ubiquitin/proteasome-dependent processing. Cell. 102:577-86.

Horesh, D., T. Sapir, F. Francis, S.G. Wolf, M. Caspi, M. Elbaum, J. Chelly, and O. Reiner.
1999. Doublecortin, a stabilizer of microtubules. Hum Mol Genet. 8:1599-610.

Horiki, M., T. Imamura, M. Okamoto, M. Hayashi, J. Murai, A. Myoui, T. Ochi, K.
Miyazono, H. Yoshikawa, and N. Tsumaki. 2004. Smad6/Smurfl overexpression in
cartilage delays chondrocyte hypertrophy and causes dwarfism with osteopenia. J
Cell Biol. 165:433-45.

Huang, Y., R.T. Baker, and J.A. Fischer-Vize. 1995. Control of cell fate by a
deubiquitinating enzyme encoded by the fat facets gene. Science. 270:1828-31.

Huang, Y., and J.A. Fischer-Vize. 1996. Undifferentiated cells in the developing
Drosophila eye influence facet assembly and require the Fat facets ubiquitin-
specific protease. Development. 122:3207-16.

Huber, A.H., D.B. Stewart, D.V. Laurents, W.J. Nelson, and W.I. Weis. 2001. The
cadherin cytoplasmic domain is unstructured in the absence of beta-catenin. A
possible mechanism for regulating cadherin turnover. J Biol Chem. 276:12301-9.

Huelsken, J., R. Vogel, V. Brinkmann, B. Erdmann, C. Birchmeier, and W. Birchmeier.
2000. Requirement for beta-catenin in anterior-posterior axis formation in mice. J
Cell Biol. 148:567-78.

Huelsken, J., R. Vogel, B. Erdmann, G. Cotsarelis, and W. Birchmeier. 2001. beta-Catenin
controls hair follicle morphogenesis and stem cell differentiation in the skin. Cell.
105:533-45.

Hulsken, J., W. Birchmeier, and J. Behrens. 1994. E-cadherin and APC compete for the
interaction with beta-catenin and the cytoskeleton. J Cell Biol. 127:2061-9.

Huppi, K., S.E. Martin, and N.J. Caplen. 2005. Defining and assaying RNAIi in mammalian
cells. Mol Cell. 17:1-10.

Hurley, J.H., and B. Wendland. 2002. Endocytosis: driving membranes around the bend.
Cell. 111:143-6.

Hyman, J., H. Chen, P.P. Di Fiore, P. De Camilli, and A.T. Brunger. 2000. Epsin 1
undergoes nucleocytosolic shuttling and its eps15 interactor NH(2)-terminal
homology (ENTH) domain, structurally similar to Armadillo and HEAT repeats,
interacts with the transcription factor promyelocytic leukemia Zn(2)+ finger protein
(PLZF). J Cell Biol. 149:537-46.

Ikeda, W., H. Nakanishi, J. Miyoshi, K. Mandai, H. Ishizaki, M. Tanaka, T. A., K.
Takahashi, H. Nishioka, H. Yoshida, A. Mizoguchi, S.-i. Nishikawa, and Y. Takai.
1999. Afadin: a key molecule essential for strucutural organization of cell-cell
junctions of polarized epithelia during embryogenesis. Journal of Cell Biology.
146:1117 - 1131.

Isaksson, A., F.A. Peverali, L. Kockel, M. Mlodzik, and D. Bohmann. 1997. The
deubiquitination enzyme Fat facets negatively regulates RTK/Ras/MAPK

136



signalling during Drosophila eye development. Mechanisms of Development. 68:59
- 67.

Itoh, T., S. Koshiba, T. Kigawa, A. Kikuchi, S. Yokoyama, and T. Takenawa. 2001. Role
of the ENTH domain in phosphatidylinositol-4,5-bisphosphate binding and
endocytosis. Science. 291:1047-51.

Iwai, A., H. Marusawa, S.l. Matsuzawa, T. Fukushima, M. Hijikata, J.C. Reed, K.
Shimotohno, and T. Chiba. 2004. Siah-1L, a novel transcript variant belonging to
the human Siah family of proteins, regulates beta-catenin activity in a p53-
dependent manner. Oncogene.

Jamora, C., R. DasGupta, P. Kocieniewski, and E. Fuchs. 2003. Links between signal
transduction, transcription and adhesion in epithelial bud development. Nature.
422:317-22.

Jensen, D.E., M. Proctor, S.T. Marquis, H.P. Gardner, S.I. Ha, L.A. Chodosh, A.M. Ishov,
N. Tommerup, H. Vissing, Y. Sekido, J. Minna, A. Borodovsky, D.C. Schultz, K.D.
Wilkinson, G.G. Maul, N. Barlev, S.L. Berger, G.C. Prendergast, and F.J. Rauscher,
3rd. 1998. BAP1: a novel ubiquitin hydrolase which binds to the BRCAL1 RING
finger and enhances BRCA1-mediated cell growth suppression. Oncogene.
16:1097-112.

Jentsch, S., and G. Pyrowolakis. 2000. Ubiquitin and its kin: how close are the family ties?
Trends Cell Biol. 10:335-42.

Kaminska, J., B. Gajewska, A.K. Hopper, and T. Zoladek. 2002. Rsp5p, a New Link
between the Actin Cytoskeleton and Endocytosis in the Yeast Saccharomyces
cerevisiae. Mol. Cell. Biol. 22:6946-6948.

Kanai-Azuma, M., J.S. Mattick, K. Kaibuchi, and S.A. Wood. 2000. Co-localization of
FAM and AF-6, the mammalian homologues of Drosophila faf and canoe, in mouse
eye development. Mech Dev. 91:383-6.

Kato, M., K. Miyazawa, and N. Kitamura. 2000. A Deubiquitinating Enzyme UBPY
Interacts with the Src Homology 3 Domain of Hrs-binding Protein via a Novel
Binding Motif PX(V/1)(D/N)RXXKP. J. Biol. Chem. 275:37481-37487.

Katzmann, D.J., M. Babst, and S.D. Emr. 2001. Ubiquitin-dependent sorting into the
multivesicular body pathway requires the function of a conserved endosomal
protein sorting complex, ESCRT-I. Cell. 106:145-55.

Katzmann, D.J., G. Odorizzi, and S.D. Emr. 2002. Receptor downregulation and
multivesicular-body sorting. Nat Rev Mol Cell Biol. 3:893 - 905.

Kavsak P, R.R., Causing CG, Bonni S, Zhu H, Thomsen GH, Wrana JL. 2000. Smad7
Binds to Smurf2 to Form an E3 Ubiquitin Ligase that Targets the TGF-beta
Receptor for Degradation. Molecular Cell. 6:1365-1375.

Kim, K., Z. Lu, and E.D. Hay. 2002. Direct evidence for a role of beta-catenin/LEF-1
signaling pathway in induction of EMT. Cell Biol Int. 26:463-76.

Kirchhausen, T. 2002. Clathrin adaptors really adapt. Cell. 109:413-6.

Klingelhofer, J., R.B. Troyanovsky, O.Y. Laur, and S. Troyanovsky. 2003. Exchange of
catenins in cadherin-catenin complex. Oncogene. 22:1181-8.

Knust, E. 2002. Regulation of epithelial cell shape and polarity by cell-cell adhesion
(Review). Mol Membr Biol. 19:113-20.

Kobayashi, M., K. Nakanishi, and M. Koreeda. 1967. The moulting hormone activity of
ponasterones on Musca domestica (Diptera) and Bombyx mori (Lepidoptera).
Steroids. 9:529-36.

Koegl, M., T. Hoppe, S. Schlenker, H.D. Ulrich, T.U. Mayer, and S. Jentsch. 1999. A
novel ubiquitination factor, E4, is involved in multiubiquitin chain assembly. Cell.
96:635-44.

137



Kuriyama, M., N. Harada, S. Kuroda, T. Yamamoto, M. Nakafuku, A. lwamatsu, D.
Yamamoto, R. Prasad, C. Croce, E. Canaani, and K. Kaibuchi. 1996. Identification
of AF-6 and Canoe as putative targets for Ras. Journal of Biological Chemistry.
271:607 - 610.

Le, T.L., A.S. Yap, and J.L. Stow. 1999. Recycling of E-cadherin: a potential mechanism
for regulating cadherin dynamics. J Cell Biol. 146:219-32.

Lee, J., C. Jee, J.I. Lee, M.H. Lee, H.S. Koo, C.H. Chung, and J. Ahnn. 2001. A
deubiquitinating enzyme, UCH/CeUBP130, has an essential role in the formation
of a functional microtubule-organizing centre (MTOC) during early cleavage in C.
elegans. Genes Cells. 6:899-911.

Leggett, D.S., J. Hanna, A. Borodovsky, B. Crosas, M. Schmidt, R.T. Baker, T. Walz, H.
Ploegh, and D. Finley. 2002. Multiple associated proteins regulate proteasome
structure and function. Mol Cell. 10:495-507.

Levkowitz, G., H. Waterman, S.A. Ettenberg, M. Katz, A.Y. Tsygankov, I. Alroy, S. Lavi,
K. lwali, Y. Reiss, A. Ciechanover, S. Lipkowitz, and Y. Yarden. 1999. Ubiquitin
ligase activity and tyrosine phophorylation ubderlie suppression of growth factor
signaling by c-Cbl/Sli-1. Molecular Cell. 4:1029 - 1040.

Levkowitz, G., H. Waterman, E. Zamir, Z. Kam, S. Oved, W.Y. Langdon, L. Beguinot, B.
Geiger, and Y. Yarden. 1998. c-Cbl/Sli-1 regulates endocytic sorting and
ubiquitination of the epidermal growth factor receptor. Genes Dev. 12:3663-74.

Lewis, J.E., P.J. Jensen, and M.J. Wheelock. 1994. Cadherin function is required for
human keratinocytes to assemble desmosomes and stratify in response to calcium. J
Invest Dermatol. 102:870-7.

Lewis, J.E., J.K. Wahl, 3rd, K.M. Sass, P.J. Jensen, K.R. Johnson, and M.J. Wheelock.
1997. Cross-talk between adherens junctions and desmosomes depends on
plakoglobin. J Cell Biol. 136:919-34.

Li, B., J.C. Ruiz, and K.T. Chun. 2002a. CUL-4A is critical for early embryonic
development. Mol Cell Biol. 22:4997-5005.

Li, H., and A. Seth. 2004. An RNF11: Smurf2 complex mediates ubiquitination of the
AMSH protein. Oncogene. 23:1801-8.

Li, M., C.L. Brooks, N. Kon, and W. Gu. 2004. A dynamic role of HAUSP in the p53-
Mdmz2 pathway. Mol Cell. 13:879-86.

Li, M., D. Chen, A. Shiloh, J. Luo, A.Y. Nikolaev, J. Qin, and W. Gu. 2002b.
Deubiquitination of p53 by HAUSP is an important pathway for p53 stabilization.
Nature. 416:648-53.

Li, Q., I.LK. Hariharan, F. Chen, Y. Huang, and J.A. Fischer. 1997. Genetic interaction with
Rapl and Rasl reveal a second function for the Fat facets deubiquitinating enzyme
in Drosophila eye development. Proceedings of the National Academy of Science,
USA. 94:12515 - 12520.

Lickert, H., S. Kutsch, B. Kanzler, Y. Tamai, M.M. Taketo, and R. Kemler. 2002.
Formation of multiple hearts in mice following deletion of beta-catenin in the
embryonic endoderm. Dev Cell. 3:171-81.

Lin, H., L. Yin, J. Reid, K.D. Wilkinson, and S.S. Wing. 2001. Divergent N-terminal
sequences of a deubiquitinating enzyme modulate substrate specificity. J Biol
Chem. 276:20357-63.

Lin, X., M. Liang, and X.-H. Feng. 2000. Smurf2 is a ubiquitin E3 ligase mediating
proteasome-dependent degradation of Smad2 in transforming growth factor-3
signaling. Journal of Biological Chemistry. 275:36818 - 36822.

Lippincott-Schwartz, J., and G.H. Patterson. 2003. Development and use of fluorescent
protein markers in living cells. Science. 300:87-91.

138



Liu, J., J. Stevens, C.A. Rote, H.J. Yost, Y. Hu, K.L. Neufeld, R.L. White, and N.
Matsunami. 2001. Siah-1 mediates a novel beta-catenin degradation pathway
linking p53 to the adenomatous polyposis coli protein. Mol Cell. 7:927-36.

Liu, N., D.A. Dansereau, and P. Lasko. 2003. Fat facets interacts with vasa in the
Drosophila pole plasm and protects it from degradation. Curr Biol. 13:1905-9.

Liu, Y., L. Fallon, H.A. Lashuel, Z. Liu, and P.T. Lansbury, Jr. 2002. The UCH-L1 gene
encodes two opposing enzymatic activities that affect alpha-synuclein degradation
and Parkinson's disease susceptibility. Cell. 111:209-18.

Liu, Y.C. 2004. Ubiquitin ligases and the immune response. Annu Rev Immunol. 22:81-127.

Longworth, M.S., and L.A. Laimins. 2004. Pathogenesis of human papillomaviruses in
differentiating epithelia. Microbiol Mol Biol Rev. 68:362-72.

Losko, S., F. Kopp, A. Kranz, and R. Kolling. 2001. Uptake of the ATP-binding cassette
(ABC) transporter Ste6 into the yeast vacuole is blocked in the doa4 Mutant. Mol
Biol Cell. 12:1047-59.

Luton, F., S. Klein, J.P. Chauvin, A. Le Bivic, S. Bourgoin, M. Franco, and P. Chardin.
2003. EFAB, Exchange Factor for ARF6, regulates the actin cytoskeleton and
associated tight junction in response to E-cadherin engagement. Mol Biol Cell.

Maglott, D., J. Ostell, K.D. Pruitt, and T. Tatusova. 2005. Entrez Gene: gene-centered
information at NCBI. Nucleic Acids Res. 33:D54-8.

Magnifico, A., S. Ettenberg, C. Yang, J. Mariano, S. Tiwari, S. Fang, S. Lipkowitz, and
A.M. Weissman. 2003. WW domain HECT E3s target Cbl RING finger E3s for
proteasomal degradation. J Biol Chem. 278:43169-77.

Mandai, K., H. Nakanishi, A. Satoh, H. Obaishi, M. Wada, H. Nishioka, M. Itoh, A.
Mizoguchi, T. Aoki, T. Fujimoto, Y. Matsuda, S. Tsukita, and Y. Takai. 1997.
Afadin: A novel actin filament-binding protein with one PDZ domain localized at
cadherin-based cell-to-cell adherens junction. J Cell Biol. 139:517-28.

Marchese, A., and J.L. Benovic. 2001. Agonist-promoted ubiquitination of the G protein-
coupled receptor CXCR4 mediates lysosomal sorting. J Biol Chem. 276:45509-12.

Marchese, A., C. Raiborg, F. Santini, J.H. Keen, H. Stenmark, and J.L. Benovic. 2003. The
E3 ubiquitin ligase AlIP4 mediates ubiquitination and sorting of the G protein-
coupled receptor CXCR4. Dev Cell. 5:709-22.

Matsuzawa, S.I., and J.C. Reed. 2001. Siah-1, SIP, and Ebi collaborate in a novel pathway
for beta-catenin degradation linked to p53 responses. Mol Cell. 7:915-26.

Maxfield, F.R., and T.E. McGraw. 2004. Endocytic recycling. Nat Rev Mol Cell Biol.
5:121-32.

Meister, G., and T. Tuschl. 2004. Mechanisms of gene silencing by double-stranded RNA.
Nature. 431:343-9.

Mellman, I., and G. Warren. 2000. The road taken: past and future foundations of
membrane traffic. Cell. 100:99-112.

Melman, L., H.J. Geuze, Y. Li, L.M. McCormick, P. Van Kerkhof, G.J. Strous, A.L.
Schwartz, and G. Bu. 2002. Proteasome Regulates the Delivery of LDL Receptor-
related Protein into the Degradation Pathway. Mol Biol Cell. 13:3325-35.

Migone, T.S., M. Humbert, A. Rascle, D. Sanden, A. D'Andrea, and J.A. Johnston. 2001.
The deubiquitinating enzyme DUB-2 prolongs cytokine-induced signal transducers
and activators of transcription activation and suppresses apoptosis following
cytokine withdrawal. Blood. 98:1935-41.

Miles, R.R., J.P. Sluka, D.L. Halladay, R.F. Santerre, L.V. Hale, L. Bloem, S.R. Patanjali,
R.J. Galvin, L. Ma, J.M. Hock, and J.E. Onyia. 2002. Parathyroid hormone (hPTH
1-38) stimulates the expression of UBP41, an ubiquitin-specific protease, in bone. J
Cell Biochem. 85:229-42.

139



Miller, S.L., E. Malotky, and J.P. O'Bryan. 2004. Analysis of the Role of Ubiquitin-
interacting Motifs in Ubiquitin Binding and Ubiquitylation. J Biol Chem.
279:33528-37.

Miranda, K.C., S.R. Joseph, A.S. Yap, R.D. Teasdale, and J.L. Stow. 2003. Contextual
binding of p120ctn to E-cadherin at the basolateral plasma membrane in polarized
epithelia. J Biol Chem. 278:43480-8.

Miranda, K.C., T. Khromykh, P. Christy, T.L. Le, C.J. Gottardi, A.S. Yap, J.L. Stow, and
R.D. Teasdale. 2001. A dileucine motif targets E-cadherin to the basolateral cell
surface in Madin-Darby canine kidney and LLC-PK1 epithelial cells. J Biol Chem.
276:22565-72.

Moores, C.A., M. Perderiset, F. Francis, J. Chelly, A. Houdusse, and R.A. Milligan. 2004.
Mechanism of microtubule stabilization by doublecortin. Mol Cell. 14:833-9.

Morinaka, K., S. Koyama, S. Nakashima, T. Hinoi, K. Okawa, A. lwamatsu, and A.
Kikuchi. 1999. Epsin binds to the EH domain of POB1 and regulates receptor-
mediated endocytosis. Oncogene. 18:5915-22.

Mousavi, S.A., L. Malerod, T. Berg, and R. Kjeken. 2004. Clathrin-dependent endocytosis.
Biochem J. 377:1-16.

Mullins, C., and J.S. Bonifacino. 2001. The molecular machinery for lysosome biogenesis.
Bioessays. 23:333-43.

Muratani, M., and W.P. Tansey. 2003. How the ubiquitin-proteasome system controls
transcription. Nat Rev Mol Cell Biol. 4:192-201.

Murray, R.Z., L.A. Jolly, and S.A. Wood. 2004. The FAM deubiquitylating enzyme
localizes to multiple points of protein trafficking in epithelia, where it associates
with E-cadherin and beta-catenin. Mol Biol Cell. 15:1591-9.

Musch, A., D. Cohen, and E. Rodriguez-Boulan. 1997. Myosin 11 Is Involved in the
Production of Constitutive Transport Vesicles from the TGN. J. Cell Biol. 138:291-
306.

Musti, A.M., M. Treier, and D. Bohmann. 1997. Reduced ubiquitin-dependent degradation
of c-Jun after phosphorylation by MAP kinases. Science. 275:400 - 402.

Nakanishi, K. 1992. Past and present studies with ponasterones, the first insect molting
hormones from plants. Steroids. 57:649-57.

Nastasi, T., A. Bongiovanni, Y. Campos, L. Mann, J.N. Toy, J. Bostrom, R. Rottier, C.
Hahn, J.W. Conaway, A.J. Harris, and A. D'Azzo. 2004. Ozz-E3, a muscle-specific
ubiquitin ligase, regulates beta-catenin degradation during myogenesis. Dev Cell.
6:269-82.

Naviglio, S., C. Matteucci, B. Matoskova, T. Nagase, N. Nomura, P.P. Di Fiore, and G.F.
Draetta. 1998. UBPY: a growth-regulated human ubiquitin isopeptidase. The
EMBO Journal. 17:3241 - 3250.

No, D., T.P. Yao, and R.M. Evans. 1996. Ecdysone-inducible gene expression in
mammalian cells and transgenic mice. Proc Natl Acad Sci U S A. 93:3346-51.

Noma, T., Y. Kanai, M. Kanai-Azuma, M. Ishii, M. Fujisawa, M. Kurohmaru, H.
Kawakami, S.A. Wood, and Y. Hayashi. 2002. Stage- and sex-dependent
expressions of Usp9x, an X-linked mouse ortholog of Drosophila Fat facets, during
gonadal development and oogenesis in mice. Mech Dev. 119 Suppl 1:S91-5.

Ohsugi, M., S.Y. Hwang, S. Butz, B.B. Knowles, D. Solter, and R. Kemler. 1996.
Expression and cell membrane localization of catenins during mouse
preimplantation development. Dev Dyn. 206:391-402.

Oldham, C.E., R.P. Mohney, S.L. Miller, R.N. Hanes, and J.P. O'Bryan. 2002. The
ubiquitin-interacting motifs target the endocytic adaptor protein epsin for
ubiquitination. Curr Biol. 12:1112-6.

140



Orford, K., C. Crockett, J.P. Jensen, A.M. Weissman, and S.W. Byers. 1997. Serine
phosphorylation-regulated ubiquitination and degradation of beta-catenin. J Biol
Chem. 272:24735-8.

Orsulic, S., O. Huber, H. Aberle, S. Arnold, and R. Kemler. 1999. E-cadherin binding
prevents beta-catenin nuclear localization and beta-catenin/LEF-1-mediated
transactivation. J Cell Sci. 112:1237-45.

Ortiz, D.F., J. Moseley, G. Calderon, A.L. Swift, S. Li, and I.M. Arias. 2004. Identification
of HAX-1 as a protein that binds bile salt export protein and regulates its
abundance in the apical membrane of Madin-Darby canine kidney cells. J Biol
Chem. 279:32761-70.

Ostendorff, H.P., R.1. Peirano, M.A. Peters, A. Schluter, M. Bossenz, M. Scheffner, and I.
Bach. 2002. Ubiquitination-dependent cofactor exchange on LIM homeodomain
transcription factors. Nature. 416:99-103.

Ovaa, H., B.M. Kessler, U. Rolen, P.J. Galardy, H.L. Ploegh, and M.G. Masucci. 2004.
Activity-based ubiquitin-specific protease (USP) profiling of virus-infected and
malignant human cells. Proc Natl Acad Sci U S A.

Palombella, VV.J., O.J. Rando, A.L. Goldberg, and T. Maniatis. 1994. The ubiquitin-
proteasome pathway is required for processing the NF-kappa B1 precursor protein
and the activation of NF-kappa B. Cell. 78:773-85.

Pantaleon, M., M. Kanai-Azuma, J.S. Mattick, K. Kaibuchi, P.L. Kaye, and S.A. Wood.
2001. FAM deubiquitylating enzyme is essential for preimplantation mouse embryo
development. Mech Dev. 109:151-60.

Park, K. C., Kim, J. H., Choi, E. J., Min, S. W., Rhee, S., Baek, S. H., Chung, S. S., Bang,
0., Park, D., Chiba, T., Tanaka, K., Chung, C. H. 2002. Antagonistic regulation of
myogenesis by two deubiquitinating enzymes, UBP45 and UBP69. Proc Natl Acad
Sci USA. 99:9733-8

Pastan, I., M.M. Gottesman, K. Ueda, E. Lovelace, A.V. Rutherford, and M.C. Willingham.
1988. A retrovirus carrying an MDR1 cDNA confers multidrug resistance and
polarized expression of P-glycoprotein in MDCK cells. Proc Natl Acad Sci U S A.
85:4486-90.

Patel, S.D., C.P. Chen, F. Bahna, B. Honig, and L. Shapiro. 2003. Cadherin-mediated cell-
cell adhesion: sticking together as a family. Curr Opin Struct Biol. 13:690-8.
Paterson, A.D., R.G. Parton, C. Ferguson, J.L. Stow, and A.S. Yap. 2003. Characterization
of E-cadherin Endocytosis in Isolated MCF-7 and Chinese Hamster Ovary Cells:
THE INITIAL FATE OF UNBOUND E-CADHERIN. J Biol Chem. 278:21050-7.

Peifer, M., and A.S. Yap. 2003. Traffic control: p120-catenin acts as a gatekeeper to
control the fate of classical cadherins in mammalian cells. J Cell Biol. 163:437-40.

Perez-Moreno, M.A., A. Locascio, I. Rodrigo, G. Dhondt, F. Portillo, M.A. Nieto, and A.
Cano. 2001. A new role for E12/E47 in the repression of E-cadherin expression and
epithelial-mesenchymal transitions. J Biol Chem. 276:27424-31.

Perry, W.L., C.M. Hustad, D.A. Swing, T.N. O'Sullivan, N.A. Jenkins, and N.G. Copeland.
1998. The itchy locus encodes a novel ubiquitin protein ligase that is disrupted in
al8H mice. Nat Genet. 18:143-6.

Pickart, C.M. 1997. Targeting of substrates to the 26S proteasome. Faseb J. 11:1055-66.

Piedra, J., D. Martinez, J. Castano, S. Miravet, M. Dunach, and A.G. de Herreros. 2001.
Regulation of beta-catenin structure and activity by tyrosine phosphorylation. J
Biol Chem. 276:20436-43.

Piedra, J., S. Miravet, J. Castano, H.G. Palmer, N. Heisterkamp, A. Garcia de Herreros,
and M. Dunach. 2003. p120 Catenin-associated Fer and Fyn tyrosine kinases

141



regulate beta-catenin Tyr-142 phosphorylation and beta-catenin-alpha-catenin
Interaction. Mol Cell Biol. 23:2287-97.

Polo, S., S. Sigismund, M. Faretta, M. Guidi, M.R. Capua, G. Bossi, H. Chen, P. De
Camilli, and P.P. Di Fiore. 2002. A single motif responsible for ubiquitin
recognition and monoubiquitination in endocytic proteins. Nature. 416:451-5.

Ponting, C.P. 1995. AF-6/cno: neither a kinesin nor a myosin, but a bit of both. TIBS.
20:265 - 266.

Pornillos, O., D.S. Higginson, K.M. Stray, R.D. Fisher, J.E. Garrus, M. Payne, G.P. He,
H.E. Wang, S.G. Morham, and W.I. Sundquist. 2003. HIVV Gag mimics the Tsg101-
recruiting activity of the human Hrs protein. J Cell Biol. 162:425-34.

Powell, D.W. 1981. Barrier function of epithelia. Am J Physiol. 241:G275-88.

Prasad, B., Gu, Y., Alder, H., Nakamura, T., Canaani, O., Saito, H., Huebner, K., Gale,
R.P., Nowell, P.C., Kuriyama, K., Miyazaki, Y., Croce, C.M., Canaani, E. 1993.
Cloning of the ALL-1 fusion partner; the AF-6 gene, involved in acute myeloid
leukemias with the t (6;11) chromosome translocation. Cancer Research. 53:5624 -
5628.

QIAGEN. March 2001. The QlAexpressionist.

Qiu, L., C. Joazeiro, N. Fang, H.Y. Wang, C. Elly, Y. Altman, D. Fang, T. Hunter, and
Y.C. Liu. 2000. Recognition and ubiquitination of Notch by Itch, a hect-type E3
ubiquitin ligase. J Biol Chem. 275:35734-7.

Raiborg, C., K.G. Bache, D.J. Gillooly, I.H. Madshus, E. Stang, and H. Stenmark. 2002.
Hrs sorts ubiquitinated proteins into clathrin-coated microdomains of early
endosomes. Nat Cell Biol. 4:394-8.

Rathjen, J., J.A. Lake, M.D. Bettess, J.M. Washington, G. Chapman, and P.D. Rathjen.
1999. Formation of a primitive ectoderm like cell population, EPL cells, from ES
cells in response to biologically derived factors. J Cell Sci. 112 ( Pt 5):601-12.

Reggiori, F., and H.R.B. Pelham. 2002. A transmembrane ubiquitin ligase required to sort
membrane proteins into multivesicular bodies. Nature Cell Biology. 4:117 - 123.

Robzyk, K., J. Recht, and M.A. Osley. 2000. Rad6-dependent ubiquitination of histone
H2B in yeast. Science. 287:501-4.

Roest, H.P., W.M. Baarends, J. de Wit, J.W. van Klaveren, E. Wassenaar, J.W.
Hoogerbrugge, W.A. van Cappellen, J.H. Hoeijmakers, and J.A. Grootegoed. 2004.
The ubiquitin-conjugating DNA repair enzyme HRG6A is a maternal factor essential
for early embryonic development in mice. Mol Cell Biol. 24:5485-95.

Rosenthal, J.A., H. Chen, V.I. Slepnev, L. Pellegrini, A.E. Salcini, P.P. Di Fiore, and P. De
Camilli. 1999. The Epsins define a family of proteins that interact with components
of the clathrin coat and contain a new protein module. Journal of Biological
Chemistry. 274:33959 - 33965.

Rotin, D., O. Staub, and R. Haguenauer-Tsapis. 2000. Ubiquitination and endocytosis of
plasma membrane proteins: role of Nedd4/Rsp5p family of ubiquitin-protein
ligases. J Membr Biol. 176:1-17.

Roura, S., S. Miravet, J. Piedra, A. Garcia de Herreros, and M. Dunach. 1999. Regulation
of E-cadherin/Catenin association by tyrosine phosphorylation. J Biol Chem.
274:36734-40.

Rubinfeld, B., B. Souza, I. Albert, S. Munemitsu, and P. Polakis. 1995. The APC protein
and E-cadherin form similar but independent complexes with alpha-catenin, beta-
catenin, and plakoglobin. J Biol Chem. 270:5549-55.

Saito, S., M. Matsushima, S. Shirahama, T. Minaguchi, Y. Kanamori, M. Minami, and Y.
Nakamura. 1998. Complete genomic structure DNA polymorphisms, and
alternative splicing of the human AF-6 gene. DNA Res. 5:115-20.

142



Salghetti, S.E., A.A. Caudy, J.G. Chenoweth, and W.P. Tansey. 2001. Regulation of
transcriptional activation domain function by ubiquitin. Science. 293:1651-3.

Sambrook, J., and D. Russell. 2001. Molecular Cloning: A Laboratory Manual. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor.

Sanders, S.E., J.L. Madara, D.K. McGuirk, D.S. Gelman, and S.P. Colgan. 1995.
Assessment of inflammatory events in epithelial permeability: a rapid screening
method using fluorescein dextrans. Epithelial Cell Biol. 4:25-34.

Sanes, J.R., J.L. Rubenstein, and J.F. Nicolas. 1986. Use of a recombinant retrovirus to
study post-implantation cell lineage in mouse embryos. Embo J. 5:3133-42.

Sapir, T., D. Horesh, M. Caspi, R. Atlas, H.A. Burgess, S.G. Wolf, F. Francis, J. Chelly, M.
Elbaum, S. Pietrokovski, and O. Reiner. 2000. Doublecortin mutations cluster in
evolutionarily conserved functional domains. Hum Mol Genet. 9:703-12.

Schaar, B.T., K. Kinoshita, and S.K. McConnell. 2004. Doublecortin microtubule affinity
is regulated by a balance of kinase and phosphatase activity at the leading edge of
migrating neurons. Neuron. 41:203-13.

Schneeberger, E.E., and R.D. Lynch. 2004. The tight junction: a multifunctional complex.
Am J Physiol Cell Physiol. 286:C1213-28.

Schuck, S., A. Manninen, M. Honsho, J. Fullekrug, and K. Simons. 2004. Generation of
single and double knockdowns in polarized epithelial cells by retrovirus-mediated
RNA interference. Proc Natl Acad Sci U S A. 101:4912-7.

Scott, P.M., P.S. Bilodeau, O. Zhdankina, S.C. Winistorfer, M.J. Hauglund, M.M. Allaman,
W.R. Kearney, A.D. Robertson, A.L. Boman, and R.C. Piper. 2004. GGA proteins
bind ubiquitin to facilitate sorting at the trans-Golgi network. Nat Cell Biol. 6:252-9.

Sekiguchi, S., Y. Yoshikawa, S. Tanaka, J. Kwon, Y. Ishii, S. Kyuwa, K. Wada, S.
Nakamura, and K. Takahashi. 2003. Immunohistochemical analysis of protein gene
product 9.5, a ubiquitin carboxyl-terminal hydrolase, during placental and
embryonic development in the mouse. Exp Anim. 52:365-9.

Shapiro, L. 2001. beta-catenin and its multiple partners: promiscuity explained. Nat Struct
Biol. 8:484-7.

Sharpe, C., N. Lawrence, and A. Martinez Arias. 2001. Wnt signalling: a theme with
nuclear variations. Bioessays. 23:311-8.

Shekhtman, A., and D. Cowburn. 2002. A ubiquitin-interacting motif from Hrs binds to
and occludes the ubiquitin surface necessary for polyubiquitination in
monoubiquitinated proteins. Biochem Biophys Res Commun. 296:1222-7.

Shenoy, S.K., and R.J. Lefkowitz. 2003. Trafficking patterns of beta-arrestin and G
protein-coupled receptors determined by the kinetics of beta-arrestin
deubiquitination. J Biol Chem. 278:14498-506.

Shi, W., H. Chen, J. Sun, C. Chen, J. Zhao, Y.L. Wang, K.D. Anderson, and D. Warburton.
2004. Overexpression of Smurfl negatively regulates mouse embryonic lung
branching morphogenesis by specifically reducing Smadl1 and Smad5 proteins. Am
J Physiol Lung Cell Mol Physiol. 286:L293-300.

Shiba, Y., Y. Katoh, T. Shiba, K. Yoshino, H. Takatsu, H. Kobayashi, H.W. Shin, S.
Wakatsuki, and K. Nakayama. 2004. GAT (GGA and Tom1) domain responsible
for ubiquitin binding and ubiquitination. J Biol Chem. 279:7105-11.

Shih, S.C., D.J. Katzmann, J.D. Schnell, M. Sutanto, S.D. Emr, and L. Hicke. 2002. Epsins
and Vps27p/Hrs contain ubiquitin-binding domains that function in receptor
endocytosis. Nat Cell Biol. 4:389-93.

Shih, S.C., G. Prag, S.A. Francis, M.A. Sutanto, J.H. Hurley, and L. Hicke. 2003. A
ubiquitin-binding motif required for intramolecular monoubiquitylation, the CUE
domain. EMBO J. 22:1273-1281.

143



Shih, S.C., K.E. Sloper-Mould, and L. Hicke. 2000. Monoubiquitin carries a novel
internalization signal that is appended to activated receptors. EMBO Journal.
19:187 - 198.

Simeoni, F., M.C. Morris, F. Heitz, and G. Divita. 2003. Insight into the mechanism of the
peptide-based gene delivery system MPG: implications for delivery of siRNA into
mammalian cells. Nucleic Acids Res. 31:2717-24.

Soetens, O., J.0. De Craene, and B. Andre. 2001. Ubiquitin is required for sorting to the
vacuole of the yeast general amino acid permease, Gapl. J Biol Chem. 276:43949-
57.

Soubeyran, P., K. Kowanetz, I. Szymkiewicz, W.Y. Langdon, and I. Dikic. 2002. Cbl-
CIN85-endophilin complex mediates ligand-induced downregulation of EGF
receptors. Nature. 416:183-7.

Speel, E.J., A.H. Hopman, and P. Komminoth. 1999. Amplification methods to increase
the sensitivity of in situ hybridization: play card(s). J Histochem Cytochem. 47:281-
8.

Spence, J., R.R. Gali, G. Dittmar, F. Sherman, M. Karin, and D. Finley. 2000. Cell cycle-
regulated modification of the ribosome by a variant multiubiquitin chain. Cell.
102:67-76.

Spence, J., S. Sadis, A.L. Haas, and D. Finley. 1995. A ubiquitin mutant with specific
defects in DNA repair and multiubiquitination. Mol Cell Biol. 15:1265-73.

Spradling, K.D., A.E. McDaniel, J. Lohi, and B.K. Pilcher. 2001. Epsin 3 is a novel
extracellular matrix-induced transcript specific to wounded epithelia. J Biol Chem.
276:29257-67.

Springael, J.Y., E. Nikko, B. Andre, and A.M. Marini. 2002. Yeast Npi3/Brol is involved
in ubiquitin-dependent control of permease trafficking. FEBS Letters. 517:103 -
109.

Staub, O., I. Gautschi, T. Ishikawa, K. Breitschopf, A. Ciechanover, L. Schild, and D.
Rotin. 1997. Regulation of stability and function of the epithelial Na+ channel
(ENaC) by ubiquitination. Embo J. 16:6325-36.

Strous, G.J., and J. Gent. 2002. Dimerization, ubiquitylation and endocytosis go together in
growth hormone receptor function. FEBS Lett. 529:102-9.

Sun, Z.W., and C.D. Allis. 2002. Ubiquitination of histone H2B regulates H3 methylation
and gene silencing in yeast. Nature. 418:104-8.

Suzuki, C., G. Murakami, M. Fukuchi, T. Shimanuki, Y. Shikauchi, T. Imamura, and K.
Miyazono. 2002. Smurfl regulates the inhibitory activity of Smad7 by targeting
Smad?7 to the plasma membrane. J Biol Chem. 277:39919-25.

Takali, Y., and H. Nakanishi. 2003. Nectin and afadin: novel organizers of intercellular
junctions. J Cell Sci. 116:17-27.

Tanaka, T., F.F. Serneo, H.C. Tseng, A.B. Kulkarni, L.H. Tsai, and J.G. Gleeson. 2004.
Cdk5 phosphorylation of doublecortin ser297 regulates its effect on neuronal
migration. Neuron. 41:215-27.

Tang, V.W., and D.A. Goodenough. 2003. Paracellular ion channel at the tight junction.
Biophys J. 84:1660-73.

Taya, S., T. Yamamoto, M. Kanai-Azuma, S.A. Wood, and K. Kaibuchi. 1999. The
deubiquitinating enzyme Fam interacts with and stabilizes beta-catenin. Genes
Cells. 4:757-67.

Taya, S., T. Yamamoto, K. Kano, Y. Kawano, A. lwamatsu, T. Tsuchiya, K. Tanaka, M.
Kanai-Azuma, S.A. Wood, J.S. Mattick, and K. Kaibuchi. 1998. The Ras target
AF-6 is a substrate of the fam deubiquitinating enzyme. Journal of Cell Biology.
142:1053-62.

144



Taylor, K.R., A.K. Holzer, J.F. Bazan, C.A. Walsh, and J.G. Gleeson. 2000. Patient
mutations in doublecortin define a repeated tubulin-binding domain. J Biol Chem.
275:34442-50.

Terrell, J., S. Shih, R. Dunn, and L. Hicke. 1998. A function for monoubiquitination in the
internalization of a G protein-coupled receptor. Mol Cell. 1:193-202.

Thoreson, M.A., P.Z. Anastasiadis, J.M. Daniel, R.C. Ireton, M.J. Wheelock, K.R. Johnson,
D.K. Hummingbird, and A.B. Reynolds. 2000. Selective uncoupling of p120(ctn)
from E-cadherin disrupts strong adhesion. J Cell Biol. 148:189-202.

Thrower, J.S., L. Hoffman, M. Rechsteiner, and C.M. Pickart. 2000. Recognition of the
polyubiquitin proteolytic signal. Embo J. 19:94-102.

Traweger, A., D. Fang, Y.C. Liu, W. Stelzhammer, I.A. Krizbai, F. Fresser, H.C. Bauer,
and H. Bauer. 2002. The tight junction-specific protein occludin is a functional
target of the E3 ubiquitin protein ligase itch. J Biol Chem. 8:8.

Tripathi, M.K., and G. Chaudhuri. 2005. Down-regulation of UCRP and UBE2L6 in
BRCAZ2 knocked-down human breast cells. Biochem Biophys Res Commun.
328:43-8.

Valero, R., M. Bayes, M. Francisca Sanchez-Font, O. Gonzalez-Angulo, R. Gonzalez-
Duarte, and G. Marfany. 2001. Characterization of alternatively spliced products
and tissue-specific isoforms of USP28 and USP25. Genome Biol.
2:RESEARCHO0043.

van Delft, S., R. Govers, G.J. Strous, A.J. Verkleij, and P.M. van Bergen en Henegouwen.
1997. Epidermal growth factor induces ubiquitination of Eps15. J Biol Chem.
272:14013-6.

Van Heusden, J., P. de Jong, F. Ramaekers, H. Bruwiere, M. Borgers, and G. Smets. 1997.
Fluorescein-labeled tyramide strongly enhances the detection of low
bromodeoxyuridine incorporation levels. J Histochem Cytochem. 45:315-9.

Varadan, R., M. Assfalg, A. Haririnia, S. Raasi, C. Pickart, and D. Fushman. 2004.
Solution conformation of Lys63-linked di-ubiquitin chain provides clues to
functional diversity of polyubiquitin signaling. J Biol Chem. 279:7055-63.

Verma, R., L. Aravind, R. Oania, W.H. McDonald, J.R. Yates, 3rd, E.V. Koonin, and R.J.
Deshaies. 2002. Role of Rpn11 metalloprotease in deubiquitination and degradation
by the 26S proteasome. Science. 298:611-5.

von Wasielewski, R., M. Mengel, S. Gignac, L. Wilkens, M. Werner, and A. Georgii. 1997.
Tyramine amplification technique in routine immunohistochemistry. J Histochem
Cytochem. 45:1455-9.

Vourc'h, P., I. Martin, F. Bonnet-Brilhault, S. Marouillat, C. Barthelemy, J. Pierre Muh,
and C. Andres. 2003. Mutation screening and association study of the UBE2H gene
on chromosome 7932 in autistic disorder. Psychiatr Genet. 13:221-5.

Wallin, E., and G. von Heijne. 1998. Genome-wide analysis of integral membrane proteins
from eubacterial, archaean, and eukaryotic organisms. Protein Sci. 7:1029-38.

Wang, G., J.M. McCaffery, B. Wendland, S. Dupre, R. Haguenauer-Tsapis, and J.M.
Huibregtse. 2001. Localization of the Rsp5p Ubiquitin-Protein Ligase at Multiple
Sites within the Endocytic Pathway. Mol. Cell. Biol. 21:3564-3575.

Wang, H.R., Y. Zhang, B. Ozdamar, A.A. Ogunjimi, E. Alexandrova, G.H. Thomsen, and
J.L. Wrana. 2003. Regulation of cell polarity and protrusion formation by targeting
RhoA for degradation. Science. 302:1775-9.

Wang, Y., S. Penfold, X. Tang, N. Hattori, P. Riley, J.W. Harper, J.C. Cross, and M. Tyers.
1999. Deletion of the Cull gene in mice causes arrest in early embryogenesis and
accumulation of cyclin E. Curr Biol. 9:1191-4.

145



Wefes, I., L.D. Mastrandrea, M. Haldeman, S.T. Koury, J. Tamburlin, C.M. Pickart, and D.
Finley. 1995. Induction of ubiquitin-conjugating enzymes during terminal erythroid
differentiation. Proceedings of the National Academy of Sciences of the United
States of America. 92:4982-6.

Weidner, K.M., N. Arakaki, G. Hartmann, J. Vandekerckhove, S. Weingart, H. Rieder, C.
Fonatsch, H. Tsubouchi, T. Hishida, Y. Daikuhara, and et al. 1991. Evidence for
the identity of human scatter factor and human hepatocyte growth factor. Proc Natl
Acad Sci U S A. 88:7001-5.

Weidner, K.M., J. Behrens, J. Vandekerckhove, and W. Birchmeier. 1990. Scatter factor:
molecular characteristics and effect on the invasiveness of epithelial cells. J Cell
Biol. 111:2097-108.

Wendland, B. 2002. Epsins: adaptors in endocytosis? Nat Rev Mol Cell Biol. 3:971-7.

Wheeler, D.L., T. Barrett, D.A. Benson, S.H. Bryant, K. Canese, D.M. Church, M.
DiCuccio, R. Edgar, S. Federhen, W. Helmberg, D.L. Kenton, O. Khovayko, D.J.
Lipman, T.L. Madden, D.R. Maglott, J. Ostell, J.U. Pontius, K.D. Pruitt, G.D.
Schuler, L.M. Schriml, E. Sequeira, S.T. Sherry, K. Sirotkin, G. Starchenko, T.O.
Suzek, R. Tatusov, T.A. Tatusova, L. Wagner, and E. Yaschenko. 2005. Database
resources of the National Center for Biotechnology Information. Nucleic Acids Res.
33:D39-45.

Wheelock, M., and K. Johnsony. 2003. Cadherin-mediated cellular signaling. Curr Opin
Cell Biol. 15:509-514.

Wilkinson, D.G. 1992. Whole mount in situ hybridisation of vertebrate embryos. In In situ
hybridization: a practical approach. D.G. Wilkinson, editor. IRL Press, Oxford. 75-
83.

Wilkinson, D.G., S. Bhatt, and B.G. Herrmann. 1990. Expression pattern of the mouse T
gene and its role in mesoderm formation. Nature. 343:657-9.

Wilkinson, K.D. 1997. Regulation of ubiquitin-dependent processes by deubiquitinating
enzymes. Faseb J. 11:1245-56.

Wing, S.S. 2003. Deubiquitinating enzymes--the importance of driving in reverse along the
ubiquitin-proteasome pathway. Int J Biochem Cell Biol. 35:590-605.

Winston, J.T., P. Strack, P. Beer-Romero, C.Y. Chu, S.J. Elledge, and J.W. Harper. 1999.
The SCFbeta-TRCP-ubiquitin ligase complex associates specifically with
phosphorylated destruction motifs in IkappaBalpha and beta-catenin and stimulates
IkappaBalpha ubiquitination in vitro. Genes Dev. 13:270-83.

Witkiewicz, H., M.E. Bolander, and D.R. Edwards. 1993. Improved design of riboprobes
from pBluescript and related vectors for in situ hybridization. Biotechniques.
14:458-63.

Wittchen, E.S., J. Haskins, and B.R. Stevenson. 2000. Exogenous expression of the amino-
terminal half of the tight junction protein ZO-3 perturbs junctional complex
assembly. J Cell Biol. 151:825-36.

Wittchen, E.S., J. Haskins, and B.R. Stevenson. 2003. NZO-3 Expression Causes Global
Changes to Actin Cytoskeleton in Madin-Darby Canine Kidney Cells: Linking a
Tight Junction Protein to Rho GTPases. Mol Biol Cell. 14:1757-68.

Wood, S.A., W.S. Pascoe, K. Ru, T. Yamada, J. Hirchenhain, R. Kemler, and J.S. Mattick.
1997. Cloning and expression analysis of a novel mouse gene with sequence
similarity to the Drosophila fat facets gene. Mechanisms of Development. 63:29-38.

Wu, Z., Q. Li, M.E. Fortini, and J.A. Fischer. 1999. Genetic analysis of the role of the
drosophila fat facets gene in the ubiquitin pathway. Dev Genet. 25:312-20.

Xu, J., P.S. Burgoyne, and A.P. Arnold. 2002. Sex differences in sex chromosome gene
expression in mouse brain. Hum Mol Genet. 11:1409-19.

146



Yamabhai, M., N.G. Hoffman, N.L. Hardison, P.S. McPherson, L. Castagnoli, G. Cesareni,
and B.K. Kay. 1998. Intersectin, a novel adaptor protein with two Eps15 homology
and five Src homology 3 domains. J Biol Chem. 273:31401-7.

Yamamoto, K., N. Harada, K. Kano, S. Taya, E. Canaani, Y. Matsuura, A. Mizoguchi, C.
Ide, and K. Kaibuchi. 1997. The Ras target AF-6 interacts with ZO-1 and serves as
a peripheral component of tight junctions in epithelial cells. The Journal of Cell
Biology. 139:785 - 795.

Yamamoto, T., N. Harada, Y. Kawano, S. Taya, and K. Kaibuchi. 1999. In vivo interaction
of AF-6 with activated Ras and ZO-1. Biochemical and Biophysical Research
Communications. 259:103-107.

Yamashita, M., S.X. Ying, G.M. Zhang, C. Li, S.Y. Cheng, C.X. Deng, and Y.E. Zhang.
2005. Ubiquitin ligase Smurfl controls osteoblast activity and bone homeostasis by
targeting MEKK2 for degradation. Cell. 121:101-13.

Yao, F., T. Svensjo, T. Winkler, M. Lu, C. Eriksson, and E. Eriksson. 1998. Tetracycline
repressor, tetR, rather than the tetR-mammalian cell transcription factor fusion
derivatives, regulates inducible gene expression in mammalian cells. Hum Gene
Ther. 9:1939-50.

Yap, A.S., and E.M. Kovacs. 2003. Direct cadherin-activated cell signaling: a view from
the plasma membrane. J Cell Biol. 160:11-6.

Yeaman, C., M. Heinflink, E. Falck-Pedersen, E. Rodriguez-Boulan, and M.C.
Gershengorn. 1996. Polarity of TRH receptors in transfected MDCK cells is
independent of endocytosis signals and G protein coupling. Am J Physiol.
270:C753-62.

Ying, S.X., Z.J. Hussain, and Y.E. Zhang. 2003. Smurf1 facilitates myogenic
differentiation and antagonizes the bone morphogenetic protein-2-induced
osteoblast conversion by targeting Smad5 for degradation. J Biol Chem.
278:39029-36.

Yu, Y.T., and L. Kroos. 2000. (Supplementary info to) Evidence that SpolVFB is a novel
type of membrane metalloprotease governing intercompartmental communication
during Bacillus subtilis sporulation. J Bacteriol. 182:3305-9.

Zambon, A.C., R.J. Hughes, J.G. Meszaros, J.J. Wu, B. Torres, L.L. Brunton, and P.A.
Insel. 2000. P2Y(2) receptor of MDCK cells: cloning, expression, and cell-specific
signaling. Am J Physiol Renal Physiol. 279:F1045-52.

Zhadanov, A.B., D.W. Provance, Jr., C.A. Speer, J.D. Coffin, D. Goss, J.A. Blixt, C.M.
Reichert, and J.A. Mercer. 1999. Absence of the tight junctional protein AF-6
disrupts epithelial cell-cell junctions and cell polarity during mouse development.
Curr Biol. 9:880-8.

Zhao, M., M. Qiao, S.E. Harris, B.O. Oyajobi, G.R. Mundy, and D. Chen. 2004. Smurfl
inhibits osteoblast differentiation and bone formation in vitro and in vivo. J Biol
Chem. 279:12854-9.

Zhao, M., M. Qiao, B.O. Oyajobi, G.R. Mundy, and D. Chen. 2003. E3 ubiquitin ligase
Smurfl mediates core-binding factor alphal/Runx2 degradation and plays a
specific role in osteoblast differentiation. J Biol Chem. 278:27939-44.

Zhu, H., P. Kavsak, S. Abdollah, J.L. Wrana, and G.H. Thomsen. 1999. A SMAD
ubiquitin ligase targets the BMP pathway and affects embryonic pattern formation.
Nature. 400:687-93.

Zhu, Y., Carrol, M., Papa, F.R., Hochstrasser, M., D'Andrea, A.D. 1996. DUB-1, a
deubiquitinating enzyme with growth-suppressing activity. Proceedings of the
National Academy of Sciences, USA. 93:3275 - 3279.

147



Zhurinsky, J., M. Shtutman, and A. Ben-Ze'ev. 2000. Plakoglobin and beta-catenin: protein
interactions, regulation and biological roles. J Cell Sci. 113:3127-39.

148



