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A novel HECT-type E3 ubiquitin ligase, NEDL2, stabilizes p73
and enhances its transcriptional activity
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Abstract

Expression of p73, a p53 family member regulating cell growth and apoptosis, is maintained at low levels in mammalian cells,

and cellular activation of p73 is usually controlled at the protein level. However, the precise molecular mechanisms by which p73

stability is regulated are unclear. During the search for interacting molecules with the COOH-terminal proline-rich region of p73, we

identified a novel NEDD4-related protein (termed as NEDL2) which contains a C2 domain at its NH2-terminus, two WW domains,

and a HECT domain at its COOH-terminus. As expected, NEDL2 catalyzed the ubiquitination of bacterial cellular proteins in vitro.

Reciprocal co-immunoprecipitation experiments and in vitro pull-down assays revealed that NEDL2 bound to p73, which carries

two putative PY motifs. p73 was efficiently ubiquitinated but stabilized in a NEDL2-dependent manner. Accordingly, p73 decayed

at faster rates in the absence of NEDL2 than in its presence. Consistent with the NEDL2-mediated stabilization of p73, NEDL2

enhanced the p73-dependent transcriptional activation. Thus, our results suggest that NEDL2 activates the function of p73 by

increasing its stability.

� 2003 Published by Elsevier Inc.

Keywords: NEDL2; E3 ubiquitin ligase; p53; p73; PY motif; WW domain
p73 has a considerable amino acid sequence homol-

ogy with the tumor suppressor p53 [1]. Like p53, p73
binds to the p53-responsive elements found within the

promoter regions of a variety of p53-target genes, and

thereby induces cell cycle arrest and/or apoptosis in

certain human cancerous cells [1–3]. In contrast to p53,

p73 is expressed as multiple splicing isoforms arising

from differential mRNA splicing [1,4–6]. These isoforms

possess altered COOH-terminal structures with different

transactivating potentials. The COOH-terminal exten-
sion outside the conserved oligomerization domain is

unique to p73 and could be involved in the specific

function of p73 [4,5]. Recently, Yang et al. [7] discovered
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the additional p73 variant (DNp73) which was generated
by using an alternative promoter. DNp73 lacked the
NH2-terminal transactivation domain with dominant-

negative behavior toward p73 as well as p53 and had an

ability to induce malignant transformation [8,9]. Re-

cently, we and others demonstrated that the increase of

p73 directly induced DNp73 protein in mammalian
cultured cells, suggesting that there exists a negative

feedback regulation of p73 by its target DNp73 [10,11].
MDM2 is the major p53 E3 ubiquitin ligase which

promotes the ubiquitination and subsequent degrada-

tion of p53 by the 26S proteasome [12–14]. DNA

damage-induced phosphorylation of p53 at multiple

sites including Ser-15 and Ser-20, prevents its associa-

tion with MDM2 and results in its stabilization [15].

Recently, it has been shown that the intracellular levels

of p73 are increased in the presence of the proteasomal

inhibitor, suggesting that p73 stability is regulated by
proteasomal degradation [16]. MDM2 also bound to the
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transactivation domain of p73 to repress its transcrip-
tional activity, however, co-expression of MDM2 with

p73 resulted in an increase in the level of p73 [17]. Thus,

unlike p53, p73 stability may be regulated by another

protein with E3 ubiquitin ligase activity. On the other

hand, stabilization of p73 is crucial for its ability to in-

duce cell cycle arrest and/or apoptosis. p73 is signifi-

cantly stabilized in response to cisplatin treatment [18].

During the cisplatin-induced apoptosis, p73 was phos-
phorylated on Tyr-99 by non-receptor tyrosine kinase c-

Abl. In addition, Steegenga et al. [19] described that p73

was stabilized upon adenovirus infection.

In the present study, we focused our attention on the

COOH-terminal region of p73, which contains two pu-

tative PY motifs. By BLAST analysis, we identified a

novel NEDD4-related E3 ubiquitin ligase NEDL2, and

found that p73 and NEDL2 formed a complex via a p73
PY motif and the NEDL2 WW domain. p53, which

lacks the PY motif did not bind to NEDL2. Overex-

pression of NEDL2 resulted in the ubiquitination of p73

but enhanced the steady-state level of p73 as well as the

ability of p73 to transactivate the p53/p73-responsive

promoters. Thus, the differential binding of NEDL2 to

p53 family members might contribute to their functional

divergence.
Materials and methods

Cell culture and transfection. COS7 cells were maintained in Dul-

becco’s modified Eagle’s medium (DMEM) supplemented with 10%

heat-inactivated fetal bovine serum (FBS; Life Technologies) and

penicillin (100 IU/ml)/streptomycin (100lg/ml). H1299 human large
cell lung carcinoma cells were maintained in RPMI 1640 medium

supplemented with 10% heat-inactivated FBS and penicillin (100 IU/

ml)/streptomycin (100 lg/ml). Cells were grown at 37 �C in a water-
saturated atmosphere of 5% CO2 in air. Transient transfection was

performed by LipofectAMINE Plus reagent according to the manu-

facturer’s recommendations (Life Technologies).

Northern blot analysis. A human multiple tissue Northern blot

(Clontech Laboratories), a nylon membrane on which 2lg of poly(A)þ

RNA from various human normal tissues was blotted, was hybridized

overnight at 65 �C in a solution containing 7.5% dextran sulfate, 1M
NaCl, 1% N-lauroyl sarcosine, 100lg/ml of heat-denatured salmon
sperm DNA, and the 32P-labeled human NEDL2 or NEDD4 cDNA.

The membrane was washed twice in 0.5� SSC/0.1% N-lauroyl sarco-

sine at 50 �C and exposed to an X-ray film at )70 �C.
Expression and purification of GST fusion proteins. Cultures of

Escherichia coli containing the expression plasmids encoding gluta-

thione S-transferase (GST) fusion proteins were induced with 0.5mM

isopropyl-b-DD-thiogalactopyranoside (IPTG) for 12 h at 30 �C. Cells
were then harvested by centrifugation, resuspended in NETN buffer

(50mM Tris–Cl, pH 7.5, 150mMNaCl, 0.1% Nonidet P-40, and 1mM

EDTA), and lysed by sonication. The lysates were clarified by centri-

fugation at 10,000g for 30min. GST fusion proteins were purified on a

glutathione–Sepharose column. The integrity of the fusion proteins

was assessed by SDS–polyacrylamide gel electrophoresis and Coo-

massie brilliant blue staining. Protein concentration was determined

using Bradford protein assay (Bio-Rad).

In vitro ubiquitination assay. Equal amount of purified GST-

NEDL2 or GST-NEDD4 was mixed with bacterial lysates containing
wheat E1, appropriate E2 (UbcH5c or UbcH7), and bovine ubiquitin

(Sigma Chemical). After 2 h incubation at 30 �C, reactions were stop-
ped by the addition of the SDS sample buffer (62.5mM Tris–Cl, pH

6.8, 2% SDS, 10% glycerol, 0.1M DTT, and 0.01% bromophenol blue)

and boiling. Reaction mixtures were then subjected to SDS–poly-

acrylamide gel electrophoresis and ubiquitinated proteins were visu-

alized by immunoblotting using a monoclonal anti-ubiquitin antibody

(1B3, Medical and Biological Laboratories).

Pull-down experiments. p73a or p73b was generated in vitro using a
TNT Coupled Rabbit Reticulocyte Lysate System as directed by the

manufacturer (Promega). In vitro-translated p73a or p73b was mixed
with an equal amount of each GST fusion protein in NETN buffer and

1mg/ml of bovine serum albumin (BSA). Following incubation in the

presence of glutathione–Sepharose beads for 2 h at 4 �C with gentle
shaking, the beads were washed three times with the binding buffer. The

bound proteins were then eluted by boiling in the SDS sample buffer for

5min, size fractionated on a 10% SDS–polyacrylamide gel, and

immunoblotted with the antibody against p73 (Ab-4, NeoMarkers).

Production of polyclonal anti-NEDL2 antibody. The polyclonal anti-

NEDL2 antibody was raised against a peptide “Cys” plus containing

the amino acid sequences between positions 448 and 466 of human

NEDL2 (448-RSSFPTDTRLNAMLHIDSD-466). The peptide and

the polyclonal antibody were produced by Biologica. The specificity of

the antibody was checked on its ability to immunoprecipitate NEDL2

expressed in COS7 cells and its ability to detect NEDL2 by Western

blot analysis.

Immunoprecipitation and Western blot analysis. For immunopre-

cipitation experiments, COS7 cells were transfected with the appro-

priate expression plasmid. Forty-eight hours after transfection, cells

were washed with phosphate-buffered saline (PBS), lysed in ice-cold

EBC lysis buffer [50mM Tris–Cl, pH 7.5, 120mM NaCl, 0.5% (v/v)

Nonidet P-40, and 1mM phenylmethylsulfonyl fluoride (PMSF)], and

whole cell lysates were subjected to immunoprecipitation with the

polyclonal anti-NEDL2, monoclonal anti-p53 (DO-1, Oncogene Re-

search Products), monoclonal anti-HA (12CA5, Roche Molecular

Biochemicals), or monoclonal anti-p73 (Ab-4, NeoMarkers) antibody.

For Western blot analysis, whole cell lysates or immunoprecipitates

were boiled in the SDS-sample buffer, subjected to SDS–polyacryl-

amide gel electrophoresis, and proteins were then electrophoretically

transferred onto a polyvinylidene difluoride (PVDF) membrane filter

(Immobilon-P, Millipore). The filter was blocked with Tris-buffered

saline (TBS) containing 5% non-fat dried milk at room temperature for

1 h, and subsequently incubated for 1 h with the monoclonal anti-p73

(Ab-4, NeoMarkers), monoclonal anti-ubiquitin (1B3, Medical and

Biological Laboratories), monoclonal anti-HA (12CA5, Roche Mo-

lecular Biochemicals), monoclonal anti-b-tubulin (5H1, PharMingen),
monoclonal anti-FLAG (M2, Sigma Chemical), polyclonal anti-

NEDL2, or polyclonal anti-actin ([20–33], Sigma Chemical) antibody,

followed by an incubation with a goat anti-mouse or anti-rabbit IgG

secondary antibody coupled to horseradish peroxidase. Protein signals

were visualized with enhanced chemiluminescence (ECL, Amersham

Pharmacia Biotech) according to the manufacturer’s instructions.

Protein decay rate analysis. COS7 cells were transfected with the

indicated combinations of the expression plasmids. Twenty-four hours

after transfection, cycloheximide (ICN Pharmaceuticals) was added to

the culture medium at a final concentration of 100lg/ml and cells were
harvested at the indicated time points. Whole cell lysates were ex-

tracted and subjected to immunoblot analysis with the anti-p73 anti-

body (Ab-4, NeoMarkers).

Reporter assay. For the luciferase assay, H1299 cells were grown in

24-well plates (5� 104 cells/well), and transiently co-transfected with
the expression plasmid for HA-p73a, p53/p73-responsive luciferase
reporter construct containing p21WAF1 orMDM2 promoter, and pRL-

TK (Renilla luciferase for internal control) together with or without

the increasing amounts of NEDL2 expression plasmid. At 48 h, the

cells were collected, washed in ice-cold 1� PBS, and assayed for

reporter gene activities.
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Results

Identification and characterization of a novel E3 ubiquitin

ligase, NEDL2

To find out interacting molecules with the COOH-

terminal proline-rich region of p73, we decided to search

for novel cellular proteins with the WW protein–protein

interaction domains. The BLAST analysis of nucleotide
and protein sequence databases identified one cDNA

clone, KIAA1301 (DDBJ/EMBL/GenBank Accession

No., AB037722) [20]. KIAA1301 encodes a deduced

open reading frame of 1572 amino acids, which has a

predicted molecular weight of 193 kDa, and contains an

NH2-terminal phospholipid/calcium-binding C2 do-

main, two WW domains, and a COOH-terminal HECT
Fig. 1. NEDL2 encodes an E3 ubiquitin ligase. (A) Schematic diagram of hum

protein interaction domains are indicated by open and closed boxes, respectiv

Numbers indicate amino acid position. (B) Entire amino acid sequence of hum

indicated by thin and thick lines, respectively. The box shows the COOH-te

expression in human tissues. The human multiple tissue Northern blot (Clont

(lower panel) cDNA probe. Molecular size markers are shown on the left. (

bacterial lysates were incubated with the indicated combinations of recombin

GST-NEDL2 (upper panels) or GST-NEDD4 (lower panels). The reaction m

against ubiquitin. The ubiquitinated bacterial cellular proteins are indicated
domain, with a significant structural similarity to
NEDD4 E3 ubiquitin ligase (Figs. 1A and B). Accord-

ingly, we named this gene product as NEDL2 (NEDD4-

like ubiquitin protein ligase 2). Northern blot analysis of

multiple human tissues with a NEDL2 cDNA probe

detected two mRNA species of roughly 9.5 and 15 kb,

which were expressed predominantly in adult brain,

lung, and heart (Fig. 1C), whereas NEDD4 mRNA was

abundantly expressed in adult skeletal muscle. As
NEDL2 shared structural features with NEDD4, we

asked whether NEDL2 had an E3 ubiquitin ligase ac-

tivity in vitro. To this end, the HECT domain of

NEDL2 fused to glutathione S-transferase [GST-

NEDL2(1313–1572)] was generated and examined its

ability to ubiquitinate bacterial cellular proteins. In

these experiments, GST-NEDD4(52–777), which
an NEDL2 and NEDD4. A lipid/Ca2þ-binding (C2) domain and WW

ely. A COOH-terminal catalytic HECT domain is denoted by gray box.

an NEDL2. The NH2-terminal C2 domain and two WW domains are

rminal HECT domain. (C) Northern blot analysis of NEDL2 mRNA

ech) was hybridized with human NEDL2 (upper panel) or with NEDD4

D) E3 ubiquitin ligase activity of NEDL2 in vitro. Equal amounts of

ant proteins in the absence or the presence of the increasing amounts of

ixtures were analyzed by immunoblotting with a monoclonal antibody

by brackets.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nucleotide&cmd=search&term=AB037722
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encoded four WW domains and the COOH-terminal
HECT domain of mouse NEDD4 [21], was used as a

positive control. When the reaction mixtures were ana-

lyzed by immunoblotting with the anti-ubiquitin anti-

body, we observed the appearance of a smear of

ubiquitinated bacterial cellular proteins in the presence

of GST-NEDD4(52–777) or GST-NEDL2(1313–1572)

under our experimental conditions (Fig. 1D), suggesting

that the HECT domain of NEDL2 catalyzed ubiquitin
ligation onto bacterial cellular proteins and that NEDL2

acted as an E3 ubiquitin ligase.

NEDL2 associates with p73

As described, p73a and p73b contain two putative PY
motifs (405-PPSY-408 and 484-PPPY-487) which are not

present in p53 (Fig. 2A). Interestingly, the interaction of

p73 with Yes-associated protein (YAP) has been reported
to be mediated by the region of p73 containing the PPPY
Fig. 2. Interaction of NEDL2 with p73. (A) Schematic representation of p73

oligomerization domain; SAM, and sterile a motif domain. The possible PY m
with NEDL2. COS7 cells were transfected with the indicated combinations o

(IP) with a polyclonal anti-NEDL2 (first panel) or with a monoclonal anti-H

immunoblotting (IB) with the anti-p73 or with the anti-NEDL2 antibody, resp

or with the anti-p73 antibody to monitor the expression level of the transfec

lysates prepared from COS7 cells transfected with the indicated combinatio

NEDL2 antibody followed by immunoblotting with the antibody against p73

expression of HA-p73b and NEDL2 (middle and lower panels, respectively).
NEDL2. Whole cell lysates from COS7 cells transfected with the indicated c

the anti-NEDL2 antibody, followed by immunoblotting with the monoclona

anti-NEDL2 or with the anti-HA antibody to monitor the expression level

between p53 and NEDL2. Immunoprecipitation assays were performed with

pression plasmid. Whole cell lysates were immunoprecipitated with a monocl

anti-NEDL2 antibody (upper panel). Whole cell lysates were monitored on W

vitro pull-down assay. COS7 cells were transiently transfected with the expr

cubated with the indicated GST fusion proteins and then protein complexes

p73a or p73b was detected by immunoblotting with the anti-p73 antibody.
motif and the WW domain of YAP [22]. To examine
whether NEDL2 physically interacts with p73, COS7

cells were transiently transfected with the expression

plasmids for hemagglutinin (HA)-tagged p73a and

(His)6-xpress-taggedNEDL2. The whole cell lysates were

in turn immunoprecipitated with a polyclonal anti-

NEDL2 antibody followed by immunoblotting with a

monoclonal anti-p73 antibody. Control experiments re-

vealed that equal amounts of proteins were expressed in
each sample (Fig. 2B, lower panels). Immunoprecipita-

tion of NEDL2 resulted in the co-precipitation of p73a
(Fig. 2B, first panel). This observation was confirmed by

the immunoprecipitation of p73a, which resulted in the
co-precipitation of NEDL2 (Fig. 2B, second panel),

suggesting that NEDL2 interacts with p73a in mamma-
lian cultured cells. To identify the p73 region required for

the interaction withNEDL2, we examinedNEDL2 for its
ability to bind to p73b or p73a (1–427) by co-immuno-
precipitation experiments. As shown in Figs. 2C and D,
and p53. TA, transactivation domain; DB, DNA-binding domain; OD,

otifs are indicated with asterisks. (B) Co-immunoprecipitation of p73a
f the expression plasmids. Whole cell lysates were immunoprecipitated

A (second panel) antibody, and precipitated proteins were analyzed by

ectively. Lower panels show the immunoblotting with the anti-NEDL2

ted constructs. (C) Interaction between p73b and NEDL2. Whole cell
ns of the expression plasmids were immunoprecipitated with the anti-

(upper panel). Whole cell lysates were monitored on Western blot for

(D) Identification of the region of p73 required for the interaction with

ombinations of the expression plasmids were immunoprecipitated with

l anti-HA antibody. Lower panels show the immunoblotting with the

of exogenous NEDL2 or p73 derivatives, respectively. (E) Interaction

whole cell lysates from COS7 cells transfected with the indicated ex-

onal anti-p53 antibody and subjected to immunoblot analysis using the

estern blot for expression of these components (lower panels). (F) In

ession plasmid for HA-p73a or HA-p73b. Whole cell lysates were in-
were collected on the glutathione–Sepharose resin. Specifically bound
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p73b was co-immunoprecipitated with NEDL2, whereas
p73a (1–427) which lacks the COOH-terminal PPPY
motif, was undetectable in the anti-NEDL2 immuno-

precipitates. In addition, p53 was not co-immunopre-

cipitated with NEDL2 (Fig. 4E). These results strongly

suggested that the p73 region containing the PPPY motif

was required for the interaction with NEDL2.

To test whether the WW domains of NEDL2 could

be required for the interaction with p73, GST-
NEDL2(737–1068) fusion protein which contained two

WW domains was incubated with the in vitro-translated

p73a or p73b in pull-down experiments. As shown in
Fig. 2F, GST fusion protein containing NEDL2(737–

1068) was associated with p73a and p73b, whereas GST
or GST-NEDD4(52–777) was not, suggesting that the

WW domains of NEDL2 are necessary for its interac-

tion with p73, and these proteins interact directly.

NEDL2 stabilizes p73

We next asked whether or not NEDL2 ubiquitinates

p73. COS7 cells were transiently co-transfected with the

indicated combinations of the expression plasmids.
Fig. 3. NEDL2 stabilizes p73 in mammalian cultured cells. (A) NEDL2 ubi

nations of the expression plasmids. Forty-eight hours after transfection, cells

and subjected to immunoprecipitation (left panel) or immunoblotting (right p

included as a loading control. (B,C) Overexpression of NEDL2 affects the stea

with the expression plasmid for HA-p73a (B) or HA-p73b (C) together with
Whole cell lysates were analyzed by immunoblotting with the antibody again

(D) NEDL2 does not affect the expression level of p53. Whole cell lysates pr

the expression plasmids were subjected to immunoblotting with the indicate

were transiently transfected with the expression plasmid encoding HA-p73a i
(F). Twenty-four hours after transfection, cycloheximide was added to the c

harvested at the indicated time points. Whole cell lysates were analyzed by im

antibody. Densitometry was used to quantify the amounts of p73a, which no
Forty-eight hours after transfection, cells were treated
with the proteasomal inhibitor MG-132 for 30min and

whole cell lysates were subjected to immunoprecipitation

with the anti-p73 antibody followed by immunoblotting

with the anti-ubiquitin antibody. As shown in the left

panel of Fig. 3A, a high level of ubiquitinated p73a was
detected in cells transfected with p73a and NEDL2.
Similar results were also obtained by immunoblotting

analysis (Fig. 3A, right panel). We then tested whether
NEDL2 affected the stability of p73. To this end, COS7

cells were transiently co-transfected with the constant

amount of the expression plasmid for HA-p73a, HA-
p73b or FLAG-p53 together with or without the in-
creasing amounts of the NEDL2 expression plasmid, and

the levels of exogenously expressed HA-p73a, HA-p73b
or FLAG-p53 were examined by immunoblotting. Un-

expectedly, transient overexpression of NEDL2 resulted
in an increase in the levels of HA-p73a as well as HA-
p73b (Figs. 3B and C). On the other hand, the expression
level of FLAG-p53 which was unable to interact with

NEDL2, was not affected in the presence of NEDL2

under our experimental conditions (Fig. 3D). Similar

results were also obtained in p53-deficient human large
quitinates p73. COS7 cells were transfected with the indicated combi-

were exposed to MG-132 (at a final concentration of 40 lM) for 30min
anel) with the indicated antibodies. The expression level of b-tubulin is
dy-state level of p73a and p73b. COS7 cells were transiently transfected
or without the increasing amounts of the NEDL2 expression plasmid.

st p73 (upper panels), NEDL2 (middle panels) or actin (lower panels).

epared from COS7 cells transfected with the indicated combinations of

d antibodies. (E,F) NEDL2 increases the half-life of p73a. COS7 cells
n the absence (E) or in the presence of the NEDL2 expression plasmid

ulture medium at a final concentration of 100lg/ml and the cells were
munoblotting with the anti-p73, the anti-NEDL2, or with the anti-actin

rmalized to actin. The amounts of p73a are indicated as relative fold.
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cell lung carcinoma H1299 cells (data not shown). We
then examined the decay rate of p73 in the presence of

NEDL2. COS7 cells were transiently co-transfected with

the expression plasmid for HA-p73a together with or
without the NEDL2 expression plasmid. Forty-eight

hours after transfection, cells were treated with cyclo-

heximide at a final concentration of 100 lg/ml. At the
indicated time points, whole cell lysates were prepared

and subjected to immunoblotting with the anti-p73 an-
tibody. Consistent with the previous observations

[23,24], the half-life of the exogenously expressed p73a
was less than 4 h (Fig. 3E). Under our experimental

conditions, p73a decayed at faster rates in the absence of
NEDL2 than in its presence (Figs. 3E and F). Similarly,

the half-life of p73b was prolonged in the presence of
NEDL2 (data not shown). Thus, our results clearly in-

dicated that NEDL2 had a stabilizing effect on p73.

NEDL2 enhances the p73-mediated transcriptional acti-

vation

To investigate the functional consequences of

NEDL2 interaction with p73, we tested the ability of

NEDL2 to affect the p73-mediated transcriptional acti-

vation. H1299 cells were transiently transfected with the

expression plasmid for HA-p73a, a luciferase reporter
construct containing the p53/p73-binding site from

p21WAF1 or MDM2 promoter in the presence or absence
Fig. 4. NEDL2 enhances the p73-mediated transcriptional activation.

p53-deficient H1299 cells were plated at a density of 5� 104/well in 12-
well plates and transiently transfected with the expression plasmid for

HA-p73a (A) or p53 (B), pRL-TK, and a p53/p73-responsive luciferase
reporter construct carrying p21WAF1 orMDM2 promoter along with or

without the increasing amounts of the NEDL2 expression plasmid as

indicated. Luciferase activity was quantified and normalized to internal

Renilla reporter signal. Shown is the average of three independent

experiments. Means of at least three independent experiments are

shown with error bars indicating means� standard deviations.
of the increasing amounts of the NEDL2 expression
plasmid. As shown in Fig. 4A, NEDL2 enhanced the

p73a-mediated transcriptional activation in a dose-de-
pendent manner. In contrast, NEDL2 had a weak effect

on the p53-dependent transactivation (Fig. 4B). These

observations raised a possibility that NEDL2 stabilized

p73 through direct protein–protein interactions, and

thereby enhanced the ability of p73 to transactivate the

p21WAF1 and MDM2 promoter. Thus, NEDL2 may in-
teract with p73 not only physically but also functionally.
Discussion

In the present study, we identified a novel NEDD4-

related E3 ubiquitin ligase NEDL2 and also showed that

NEDL2 interacts with p73 but not with p53. Immuno-
precipitation and in vitro pull-down analyses demon-

strated that this interaction was mediated by the WW

protein–protein interaction domains of NEDL2 and the

region of p73 containing the PPPY motif. In contrast to

NEDL2, the WW domains of NEDD4 did not have an

ability to bind to p73. The previous reports suggest that

the WW domains have distinct ligand specificities [25]

and determine the substrate specificity of certain E3
ubiquitin protein ligases [26,27]. Our results also suggest

that the WW domains of NEDD4 family members

mediate specific and distinct protein–protein interaction.

Since the intracellular levels of p73 are increased in

the presence of the proteasomal inhibitor, p73 stability is

regulated in part by the protein degradation process

through the ubiquitin–proteasome pathway [16], how-

ever, the relevant E3 ubiquitin ligase has not been
identified. In contrast to p53, MDM2 which induces the

ubiquitin-dependent degradation of p53, does not pro-

mote the degradation of p73 but in fact enhances its

stability [17]. Recently, Ohtsuka et al. [24] have reported

that cyclin G binds to p53 as well as p73, and negatively

regulates their stability, however, the molecular mech-

anisms of the cyclin G-dependent down-regulation of

p53 or p73 are unclear. Under our experimental condi-
tions, NEDL2 with an E3 ubiquitin ligase activity in

vitro has an ability to ubiquitinate p73 in cells, however,

overexpression of NEDL2 increased the stability of

exogenous p73. The intracellular level of p53 was not

affected by NEDL2 without interacting with p53. Sta-

bilization of p73 is crucial for its ability to induce cell

cycle arrest and/or apoptosis. Recently, it has been

shown that a certain polyubiquitination event does not
serve to target substrate proteins for proteolytic degra-

dation, suggesting that there exists a non-proteolytic

regulatory function of ubiquitin [28,29]. Spence et al.

[28] have found that ribosomal protein L28 is ligated to

a chain of ubiquitin molecules joined through Lys-63 of

ubiquitin and the heavily ubiquitinated ribosomes were

active in translation. In addition, TRAF6-mediated
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Lys-63-linked polyubiquitination is required for the
activation of IKK [29]. On the other hand, it has been

suggested that Lys-48-linked polyubiquitin chains might

be critical for efficient recognition by 26S proteasome

[30]. Although the chain structure of the polyubiquiti-

nated p73 has not been determined, the NEDL2-medi-

ated ubiquitination might play a regulatory role in p73

function.

Alternatively, it is possible that the direct interaction
between p73 and NEDL2 might be sufficient to enhance

the stability of p73 in the absence of ubiquitination.

During the cisplatin-induced apoptosis, p73 is stabilized

and activated in a c-Abl-dependent manner [18]. The

PxxP motif (335-PAVP-338) of p73 is required for the

interaction with c-Abl [31]. Recently, Ren et al. [32] have

found that protein kinase Cd catalytic fragment-medi-
ated phosphorylation of p73 at Ser-289 is tightly asso-
ciated with the accumulation as well as activation of

p73. Considering that the DNA damage-induced phos-

phorylation of p53 prevents its association with MDM2

and results in its stabilization [15], it is likely that con-

formational alterations of p73 induced by its phos-

phorylation or its binding to NEDL2 might disrupt the

interaction with certain cellular protein(s) required for

the degradation of p73. Additionally, the binding of
NEDL2 to p73 might mask site(s) of p73 targeted for

degradation by the proteasome, and thereby p73 might

accumulate to significantly higher level than that in the

absence of NEDL2. To explore a possible role of the

NEDL2-mediated ubiquitination in the regulation of

p73 activity, we are generating a catalytic mutant form

of NEDL2 in which the critical cysteine residue (at po-

sition 1540) within the HECT domain is replaced by
alanine residue.

Consistent with the NEDL2-mediated stabilization of

p73, p73-dependent transcriptional activity has been

enhanced in the presence of NEDL2. Of note, Yes-

associated protein (YAP) interacts with the PPPY motif

of p73 but not with p53, resulting in the enhancement of

the p73-mediated transcriptional activation [22]. We

have reported previously that, in addition to the NH2-
terminal transactivation region, the COOH-terminal

glutamine- and proline-rich domain of p73 including the

PPPY motif (residues 382–491) has a transactivation

function [33]. Like YAP, it is therefore likely that the

differential binding of NEDL2 to p53 family members

might contribute at least in part to their functional

divergence.

In summary, we have found that p73 stability as well
as its activity is significantly enhanced through the

physical interaction with NEDL2, and this interaction

may be mediated by the p73 region containing the PPPY

motif and the WW domains of NEDL2. Although

the precise molecular mechanisms that regulate the

NEDL2-dependent upregulation of p73 have not yet

been defined, identification of cellular components
involved in this process should provide clue(s) to
understand how p73 is regulated at the protein level.
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