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these findings is that retention of select p53
functions, such as induction of apoptosis in
response to hypoxic stress, in the absence
of regulation by Mdm2, accounts for
p53QS-induced embryonic lethality, an idea
supported by both our MEF experiments
and the literature. Importantly, our MEF
experiments have shown that p53QS does not
display activity unless subjected to stress1,
indicating that p53QS retains crucial regulation
in the absence of Mdm2 binding and that it
does not act in a nonspecific manner.
Tang et al. advance two alternative
hypotheses for the observed p53QS-induced
embryonic lethality. First, they propose
that activation of wild-type p53 by the
p53QS mutant induces lethality. Although
formally possible, this is highly improbable,
as expression of p53QS along with wild-type
p53 in MEFs does not enhance target gene
expression, either in the absence or presence
of DNA damage, relative to Trp53+/− MEFs

t
Sw

W

LQ
t/L
S

Sw

LQ

Figure 1 p53QS does not hyperactivate wild-type
p53. Trp53LSL-QS/+ MEFs were infected with
adenoviruses either expressing Cre (adeno-Cre)
or not expressing Cre (adeno-empty) and were
either left untreated or were treated with 0.2 µg/ml
doxorubicin for 8 h. Trp53LSL-QS/+ MEFs infected
with adeno-Cre, but not treated with DNA damage,
do not show upregulation of the p53 target genes
Perp, Cdkn1a or Mdm2, relative to Trp53LSL-QS/+
MEFs infected with adeno-empty, consistent with
the hypothesis that p53QS is not hyperactivating
the wild-type p53 protein. In addition, Trp53LSLQS/+ MEFs infected with either adeno-empty or
adeno-Cre show similar target gene upregulation
in response to DNA damage. Trp53LSL-QS/LSL-QS
MEFs and Trp53LSL-LW/LSL-LW MEFs infected with
adeno-Cre and Trp53LSL-QS/LSL-QS MEFs infected
with adeno-empty serve as controls. Gapd serves
as a loading control. On average, more than 95%
of cells infected with adeno-Cre express p53QS
protein, as detectable by immunofluorescence
staining (data not shown).
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Our phenotypic differences are not likely to be
due to nonspecific, gain-of-function activities
of the p53QS protein in our knock-in mice,
as suggested by Tang et al., but rather to the
complete loss of p53 function resulting from
the presence of the additional mutation in the
Trp53QS-Val135 mice generated by Wahl and
colleagues. The continued analysis of Trp53QS
mice will prove highly informative for defining
the role of p53 transactivation for tumor
suppression in a variety of physiologically
relevant contexts.
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(Fig. 1). This question is also readily addressed
through breeding experiments to determine
if Trp53QS/– embryos display lethality, studies
that are currently in progress.
Second, Tang et al. posit that inappropriate
occupancy of p53 response elements by
transcriptionally inactive p53QS could
interfere with p53 target gene expression,
leading to embryonic lethality. This
phenomenon would be expected to phenocopy
a Trp53-null phenotype, or possibly a
deficiency in the p53 family members p63 and
p73. However, as genetic deficiency of Trp53,
p63 or p73 does not result in early embryonic
lethality14, this represents an unlikely cause of
death in our embryos.
Instead, the lethality we observe is
consistent with the finding that the p53QS
mutant retains biological activity and is not
normally regulated by Mdm2, phenocopying
the early embryonic lethality seen in the
presence of wild-type p53 in an Mdm2−/−
background13 (Supplementary Fig. 1 online).
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Enrichment of regulatory motifs upstream of
predicted DAF-16 targets
To the Editor:
In their recent study, Oh et al.1 mistakenly reported that only 11% of the 514
genes whose expression was most strongly
and consistently influenced by DAF16 activity in our previously published
microarray analysis 2 contain the sites
GTAAAc/tAA and/or CTTATCA in the
5-kb region upstream of their promoters. As
we described 2, we identified these two

sequences as potential regulatory targets
because they were overrepresented in the
1-kb upstream promoter regions of the top
∼50 of these 514 genes (prioritized solely
according to the magnitude and consistency of their expression profile changes).
We never examined whether these two
sequences were also present in the remaining ∼460 genes from our original list of 514
genes. We have done this now using public
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databases (Caenorhabditis elegans EnsEMBL
Build 33; http://rsat.ulb.ac.be/rsat/), and we
find that 88% (rather than 11%) of these
514 genes contain one or both sites in their
5-kb upstream regulatory regions. In fact,
57 of the 58 genes (98%) that we chose for
further study (based solely on the strength
and consistency of their expression profiles) contain these elements in their 5-kb
upstream regulatory regions. Because only
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67% of the genes recovered by Oh et al.
contain one or both of these sequences in
their 5-kb upstream regions, we disagree
with the authors’ conclusion that their procedure was substantially more effective than
our microarray analyses in recovering these
sequences.
Additionally, a search of all C. elegans
genes (http://rsat.ulb.ac.be/rsat/) shows

that 78% of 5-kb upstream regions contain
one or more of these motifs. Thus, a random selection of genes should have met this
minimal value, regardless of approach.

Oh et al. reply:
In their original study, Murphy et al.1
listed 514 genes whose expression was
affected by DAF-16 activity. For 58 of
these genes, canonical DAF-16 binding
sites were shown. For the remaining
456 genes, there was no indication that
canonical DAF-16 binding sites were
present, and we assumed erroneously
that these genes lacked a consensus
DAF-16 binding site. Based on the new
information provided by Kenyon and
Murphy, we agree that our estimate of
11% reflected a misunderstanding of
their data. We also agree with Kenyon and
Murphy that the random occurrence of
potential DAF-16 binding in promoters is
relatively high (78%, according to
their estimate). Thus, the percentage of
direct DAF-16 targets included among the
list of genes whose expression is affected

by DAF-16 cannot be determined solely
from microarray and bioinformatic
analyses. Indeed, numerous studies,
including our own, have shown that
not all consensus binding sites for a
transcription factor are occupied in
vivo and that transcription factors
can also bind to nonconsensus sites2–4
(reviewed in refs. 5,6). For these reasons,
methods based on transcription factor
binding, rather than expression, have
been developed to identify direct targets
of transcription factors (for example,
chromatin immunoprecipitation (ChIP),
ChIP-on-chip and ChIP-PET7). In our
study4, we identified putative DAF-16
target genes using ChIP, a direct measure
of DAF-16 binding, and examined their
involvement in DAF-16–dependent
processes using a variety of functional
assays.
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