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Frizzled-related protein (Frp) is a new family of se-
reted proteins involved in tumorigenesis and Wnt-
ignaling pathway. Previous study has shown that rat
rp (rFrp) gene was found to be differentially ex-
ressed in Rat 6 fibroblast cell line overexpressing
53val135 (R6#13-8). The rFrp gene was otherwise silent

n normal parental Rat 6 cells. To elucidate the molec-
lar basis of the transcriptional activation of rFrp, we
ave isolated and analyzed a 2-kilobase pair promoter
egion of the rFrp gene. Mapping of transcription ini-
iation sites of rFrp showed the existence of multiple
nitiation sites. Transfection studies of serial deletion
onstructs in both Rat 6 and CHOK1 cell lines revealed
hat the region from 2202 to 2144 contains cis-acting
lements essential for the efficient transcription of
Frp. This work provides a transcriptional regulation
asis for Frp and gives insight into its implication in
umorigenesis. © 2001 Academic Press

Key Words: Frizzled related protein; promoter; tran-
criptional regulation; mutant p53.

Frizzled-related protein (Frp) is a newly identified
amily of secreted proteins. Frp protein contains a se-
reted signal peptide at the amino terminus and is
ollowed by an extracellular cysteine-rich domain
CRD) which is highly homologous with the CRD
resent in the frizzled (Fz) family proteins (1–3). Fz
rotein is the receptor for Wnt family proteins, and
tudies have implicated CRD as the putative binding
ite for Wnts (4). Wnt/Fz interaction triggers a series of

Sequence information is deposited with the GenBank Accession
o. AF140346, AF140347, and AF364906.
Abbreviations used: rFrp, rat frizzled-related protein; Fz, frizzled;
DR, cysteine-rich domain; RACE, rapid amplification of cDNA
nds; SRY, sex-determining region Y gene product; STAT, signal
ransducer and activator of transcription; MZF, myeloid zinc finger;
/EBP-b, CCAAT/enhancer binding protein beta; CREB, cAMP re-
ponsive element binding protein; CBP, CREB binding protein; IK2,
karos 2.
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ulation of b-catenin; this accumulated b-catenin is
hen translocated into the nucleus where, after inter-
cting with the DNA-binding T cell factor (Tcf) com-
lex, it acts as a transcriptional activator (5). Since Frp
hares a similar CRD with Fz family genes, it is be-
ieved that Frp might act as an antagonist, competing
ith Fz for Wnt proteins and therefore it might mod-
late Wnt signaling (6, 7). In vitro studies, however,
ave shown that Frp can directly bind to Fz receptors
8). In either modes of interaction between Frp and

nt/Fz proteins, current data suggest that overexpres-
ion of Frp could interfere and mostly reverse the ef-
ects of Wnt-signals demonstrated in both in vivo and
n vitro situations (3, 6, 7–9).

Wnt proteins and Fz receptors are best known for
heir connections to embryonic development and—
specially—to carcinogenesis. The mechanism by
hich Wnt signaling leads to tumorigenesis is unclear.
ecent identification of two of the downstream tran-
criptional target genes, c-myc and cyclin D1, have
hed light on the oncogenesis of certain cancers due to
mplification of Wnt genes or to mutations of genes
long the Wnt signaling cascade (5, 10–12). The bio-
ogical role of Frp genes is not known. The associations
f the Frp gene family to carcinogenesis and apoptosis
ave only been explored recently. Two independent
tudies have shown that Frp homologs are either
urned off or down-regulated in breast carcinomas (13,
4). Another early study indicated that a Frp gene,
esignated as frpAp, acts as a proapoptotic gene in rat
orpus luteum (15). In cultured fibroblasts, overexpres-
ion of Frp inhibited Wnt-induced morphological trans-
ormation (8). All the above findings suggest that Frp

ay act as an antineoplastic gene in the course of
alignant transformation. However, more recent stud-

es have shown that ectopic expression of Frps in fact
romotes growth of human malignant glioma cells by
nterfering with the Wnt signaling cascade (16). These
ontradictory roles of Frp may reflect the fact that
ifferent Frps exert different effects in different tissues
nd organs. To date, at least five different mammalian



F
a
r

c
r
p
t
e
(
c
g
a
u
r
r
g
f
o
n
O
o
t

M

c
t
l
c
u
r
A
s
l
4
w
B

u
A
p
p
G
n
s
p

P
A

L
s
N
3

i
2
D
a
m
s
s
a
T

g
c
a
c
f
(
p
fl
p
d
k
b

6
F
c
C
A
d
s
t
c
L
t
t
w
n
i
a
l
a
(
r
c

TABLE 1

Vol. 286, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
rp genes have been identified (17). The precise inter-
ction of each Frp protein in modulating Wnt signaling
emains to be elucidated.

As described above, most studies on Frp have fo-
used on the downstream effects of Frp, leaving the
egulation of Frp expression largely unexplored. In our
revious studies on p53val135-induced cell transforma-
ion, rat Frp (rFrp) was identified as one of the differ-
ntially expressed genes activated in untransformed
R6#13-8) and transformed (R6#T2) Rat 6 fibroblast
ell lines overexpressing p53val135 tumor suppressor
ene. This rFrp gene is normally silent in the parental
nd vector control Rat 6 (R6) cells (18). To further our
nderstanding of the functional role of rFrp and its
egulation, we have cloned and the promoter region of
Frp and studied the transcriptional regulation of the
ene in our cell systems under which the rFrp is dif-
erentially expressed. Here we report the identification
f promoter regions responsible for the positive and
egative transcriptional regulation of the rFrp gene.
ur work forms a fundamental basis in the regulation
f Frp and gives insights into a possible role of Frp in
umorigenesis.

ATERIALS AND METHODS

Rapid amplification of 59 cDNA ends (59 RACE). Cloning of rFrp
DNA was performed using Marathon cDNA amplification kit (Clon-
ech) according to the instruction manual. The adaptor-ligated cDNA
ibrary was constructed using poly(A)1 RNA extracted from R6#13-8
ells which highly express rFrp (18). The first PCR was performed
sing adaptor primer AP1 and rFrp gene specific primer GSP1 cor-
esponding to 1690–1715 of the rFrp cDNA (GenBank Accession No.
F140346). Reamplification was performed using the same primer
et and the first PCR product as template. The primer sequences are
isted in Table 1. Parameters used in PCR were 25 cycles of 94°C for
5 s, 65°C for 45 s, and 72°C for 4 min. The reamplified PCR products
ere subcloned into pCRII vector (Invitrogen) and sequenced by
igDye Terminator kit (PE Biosystems).

GeneScan analysis. Transcription initiation sites were mapped
sing a RACE-based method in conjunction with the ABI GeneScan
nalysis (19). The 59 untranslated regions of rFrp cDNA were am-
lified from first PCR products by nested PCR using a pair of internal
rimers: a fluorescently labeled adaptor primer 6-FAM AP2 and rFrp
SP2 corresponding to the nucleotides 246–268 of rFrp cDNA. The
ested PCR product was mixed with GeneScan 400HD [ROX] size
tandard (PE Biosystems), denatured and electrophoresed on a 5%
olyacrylamide gel at constant 3000 V at 51°C for 2.5 h in an ABI

Sequence of Oligonucle

Oligonucleotide Nucleotide sequ

AP1 CCATCCTAATACGAC
rFRP GSP1 GGTCTTTTATGTATC
6-FAM AP2 6-FAM ACTCACTATA
rFRP GSP2 GCTACCAGGATGGAG
rFRP-175 F TAGCCCTTGGCTGTG
rFRP-207F AAAAGAGGGACTTTG
95
rism 377 DNA Sequencer. The data were analyzed by GeneScan
nalysis, version 3.1 software (PE Biosystems).

Genomic library screening and DNA sequencing. Rat liver
ambda DASH genomic library (Stratagene) (1 3 106 pfu) was
creened using the 32P-labeled 1.7-kb rFrp cDNA as a probe (Probe I).
ine positive phage clones obtained were further hybridized with a

2P-labeled 271-bp rFrp cDNA (nucleotides 141–411) (Probe II) to
dentify clones containing putative promoter region. A clone with
1-kb insert containing putative rFrp promoter region was obtained.
NA was extracted and was further analyzed by restriction mapping
nd Southern hybridization using Probe II. A positive 4.5-kb frag-
ent was subcloned into the pBluescript II KS1 (Stratagene) and

equenced. The complete DNA sequencing was performed on both
trands by primer walking, and carried out by the DNA sequencing
nd synthesis facilities at the Iowa State University of Science and
echnology.

Construction of reporter plasmids carrying deletions. The rFrp
enomic fragment of 2096 bp (nucleotides 22013 to 183) was sub-
loned into the reporter vector, pSEAP2-B (Clontech) through XhoI
nd NruI sites. A series of 59 unidirectional deletion plasmids was
onstructed by exonuclease III and mung bean nuclease digestion
rom the Frp (22013/183) plasmid. The Frp (2175/183) and Frp
2207/2130) plasmids were constructed by PCR amplification of the
romoter sequence using primers rFRP 2175F and rFRP 2207F
anking both ends and cloning the resulting fragment into
SEAP2-B. The end points and sequences for all plasmids were
etermined and confirmed by sequencing using BigDye Terminator
it (PE Biosystems). The DNA plasmid for transfection was prepared
y using the QIAGEN plasmid purification kit.

Cell culture, transient transfection, and reporter assays. The Rat
embryo fibroblast cell line (R6) is a subclone of an immortalized

2408 rat embryo cell line (20). R6#13-8, a p53val135-overexpressing
ell line was described in detailed in a previous study (18). The
hinese hamster ovarian cell line (CHOK1) was purchased from
TCC. All cell lines were grown in Dulbecco’s modified Eagle me-
ium (DMEM) (Life Technologies, Inc.) supplemented with 10% calf
erum, penicillin, and streptomycin at 37°C in a humidified incuba-
or with 5% CO2 in air. Cells were seeded into 6-well plates at a
oncentration of 2 3 105 cells per well 24 h prior to transfection.
ipofectAMINE PLUS Reagent (Life Technologies, Inc.) was used for
ransfection according to the manufacturer’s instruction. In each
ransfection, 1 mg of Frp reporter construct was cotransfected along
ith 0.5 mg of control luciferase plasmid, pGL2-C (Promega) for
ormalization of transfection efficiency. Each transfection was done

n triplicate. Conditioned medium and cell lysate were collected 48 h
fter transfection and used for analyzing alkaline phosphatase and
uciferase activities respectively. Alkaline phosphatase activity was
ssayed by the Great EscAPe SEAP chemiluminescence detection kit
Clontech). Control luciferase activity was assayed by the luciferase
eporter gene assay detection kit (Roche). Light signals were re-
orded by the tube luminometer, Monolight 2010. The results are

des Used in the Study

ce (59 to 39) Purpose

ACTATAGGGC 59 RACE
TCTTCTGCC 59 RACE
GCTCGAGCGGC GeneScan analysis
GAGCAT GeneScan analysis
GT PCR

PCR
oti

en

TC
AT
GG
AG
GA
GG
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96
eporter, pSEAP2-B, after normalization with the luciferase activity.

ESULTS AND DISCUSSION

Isolation of the 59 flanking region of the rFrp gene.
genomic clone of 4.5-kb was obtained by genomic

ibrary screening using the 1715-bp rFrp cDNA (Gen-
ank Accession No. AF140346) as a probe. The DNA
equence of the rFrp genomic clone (4483-bp) has been
ubmitted to GenBank data bank (Accession No.
F#140347) (Fig. 1). Sequence alignment between the
FRP cDNA and genomic DNA revealed that the
enomic clone consisted of a 2013-bp promoter region
22013 to 21), a 692-bp exon 1 (11 to 1692), and 81-bp
xon 2 (11893 to 11973), a 66-bp exon 3 (12059 to
2124) and the remaining intron sequences. These

hree exons contain the same nucleotide sequence as
he rFrp cDNA. All intron–exon boundaries contained
he consensus GT-AG splice sequence.

Analysis of the promoter region of the rFrp gene by
he TFSEARCH version 1.3 software showed that a
otential TATA box located at 228 to 234. The pro-
oter region also contains a number of consensus mo-

ifs for hematopoietic specific factors STAT3 (21577 to
1569), GATA (21755 to 21748, 21306 to 21299),

K2 (21345 to 21335, 2805 to 2794, 2717 to 2707),
yf-1 and MZF1 (2295 to 2288). Another group of
utative sex-determining transcriptional factor-
inding motifs were found within 21737 to 21728,
566 to 2557 for Sox-5, and within 21786 to 21780,
410 to 2404 for SRY. These motifs may play a role in

egulating Frp expression in a tissue-specific manner.
ther putative regulatory elements found were GC box

2535 to 2528), and a stretch of CT repeat at nucleo-
ides 21551 to 21508. No p53 binding motif was found
n the sequenced region.

Determination of transcription initiation sites. A
ACE-procedure was used to map the transcription

nitiation site of the rFrp gene. One round of PCR using
gene specific primer (GSP) and an adaptor primer

AP) was followed by second round of nested PCR with
fluorescently labeled adaptor primer (6-FAM AP2)

nd a second gene specific primer in the reaction (Fig.
A). The labeled PCR products were sequenced and
ead using the GeneScan analyzer as described under
aterials and Methods. The size of the PCR products
inus the size of the adaptor sequence (36 bp) corre-

ponds to the location of the transcription initiation
ite upstream from the GSP2 primer. Sizes of the PCR

nderlined. Putative regulatory elements and the potential TATA
ox are boxed. The GSP2 primer used to determine the start site is
hown in lowercase. The determined major transcriptional initiation
ite is designated as 11 and marked by an arrow. Minor initiation
ite is indicated with solid triangle.
FIG. 1. Nucleotide sequence of the 59 flanking region of rFrp
ene. The rFrp genomic sequence (22013 to 12470) is shown. The
adiolabeled rFrp cDNA probe used for genomic library screening is
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roducts are indicated as peaks where the locations are
recisely aligned with an internal fluorescent size lad-
er, while the number of peaks reflects the number of
nitiation sites. Figure 2B shows that DNA fragment
bout 300 bp was amplified in two rounds of PCR.
eneScan analysis shows that major products of 284
nd 306 bp in length were detected (Fig. 2C). The
ucleotide corresponds to the major 306-bp peak ex-
ctly matched with the first nucleotide of our cloned
Frp cDNA. Therefore, we defined this nucleotide to be
he major transcription initiation site. The presence of
CR products of rFrp with various sizes suggests the
xistence of multiple transcription initiation sites.

Promoter domain of rFrp residing at 2202 to 183.
o identify potential cis-acting elements important for
Frp transcription, a series of unidirectional 59 dele-
ions of the rFrp promoter region flanking from 22013
o 183 was fused to the pSEAP2-B plasmid carrying a
romoterless alkaline phosphatase gene (Fig. 3A). The
esulting constructs were transiently transfected into
6#13-8 cells expressing high level of endogenous

Frp (18). Compared with the promoterless vector,
SEAP2-B, the Frp (22013/183) construct exhibited a
.3-fold increase in phosphatase activity. Sequential
eletion of promoter sequence from 22013 to 2202
esulted in a gradual increase in phosphatase activity
rom 5.3-fold to 9.6-fold. These data suggest the release
f suppressive effect of negative cis-acting elements
esulted in a gradual increase in promoter activity.
aximum promoter activity was exhibited by the Frp

2202/183) construct. Further deletion from the re-
ion 2202 to 2144 as shown by Frp (2175/183) and

FIG. 2. Mapping of transcriptional start site of rFrp gene by RACE
mplification of rFrp cDNA was done using AP1 and GSP1 in the fi

located at the start codon) using the first PCR product as template.
f the nested PCR products was analyzed by GeneScan software. (B) T
tained 2% agarose gel. No observable PCR product was shown in fi
etermination of the nested PCR product size by GeneScan analysis.

izes were produced in the nested PCR. The GeneScan 400HD [ROX]
ucleotide “C” which is the first nucleotide of our previously cloned
97
rp (2144/183) constructs resulted in drastic drops in
hosphatase activity (Fig. 3B) from 10-fold to 3.5- and
.6-fold, respectively. These results suggest that the
egion 2202 to 2144 is critical for the promoter activ-
ty of rFrp in R6#13-8 cells. However, when the Frp
2207/2130) construct containing the region 2202 to
144 was tested for promoter activity, it showed only
inimal phosphatase activity (Fig. 3B). This result

uggests that the region 2202 to 2144 alone cannot
onfer full promoter activity, and that the downstream
equence (2143 to 183), which possesses a TATA box
nd transcription start site, is required for basic pro-
oter activity. Sequence analysis of the region 2202 to
83 showed that two nucleotide stretches from 2196

o 2185 and 2149 to 2141 contain putative cis-acting
lements: i.e., STAT3, Lyf-1, and MZF1 in the region
196 to 2185 and C/EBP-b, GATA-1 and CREB in the

egion 2149 to 2141 (Fig. 1). Sequence comparison
eveals that these two domains are well conserved in
at, mouse (GenBank Accession No. AF364906), and
uman (Fig. 4), further supporting the significance of
hese regions in the regulation of rFrp.

To test whether the transcriptional regulation of the
Frp promoter would only apply to R6#13-8 cells, the
Frp promoter activity was studied in the CHOK1
varian epithelial cell line, which is commonly used for
ransient report assays and found to express the en-
ogenous rFrp in our hand (data not shown). The rFrp
romoter displayed a nearly identical activity pattern
or the serial 59 deletion constructs in CHOK1 cells as
n R6#13-8 cells (Fig. 3C vs 3A). This result indicates
hat the control mechanism is not a phenomenon

d GeneScan analysis. (A) The scheme of the RACE-based technique.
PCR. The nested PCR was performed with 6-FAM AP2 and GSP2
e 6-FAM-labeled PCR products are indicated by asterisks. The size
PCR products of rFrp cDNA electrophoresed on an ethidium bromide
PCR and a 300-bp PCR product was generated in nested PCR. (C)

minant peaks at 284 and 306 indicate that PCR products of different
e standard is shown below. The major peak (306) corresponds to the
p cDNA (GenBank Accession No. AF140346).
an
rst
Th
he
rst
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rFr



u
s

R
t
t
t
c
b
o
p
i
1

e
c
b
a
s
h
c
t
i
R
u
l
A

t
c
w
t
a
r

Vol. 286, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
nique to R6#13-8 cells which show aberrant expres-
ion of rFrp.

Differential activity of the rFrp promoter in R6 and
6#13-8 cells. The gene rFrp was initially identified

hrough differential mRNA display of normal and
ransformed p53val135-overexpressing R6 cells (18). The
ranscript was found to be highly expressed in R6#13-8
ells, but not detectable in R6 cells using Northern
lotting analysis. To investigate the promoter activity
f rFrp in relation to the differential expression of rFrp
reviously reported, we conducted reporter assays us-
ng Frp (22013/183), Frp (2202/183) and Frp (2144/
83) constructs in these two cell lines (Fig. 5). Lucif-

FIG. 3. Deletion analysis of the promoter region of rFrp gene. (A)
o 183 in R6#13-8 cells. (B) Proximal promoter (2202 to 183) activity
ontaining portions of rFrp promoter driving the expression of secret
ith 0.5 mg of the control luciferase vector, pGL2-C. The numbe

ranscription start site of the rFrp gene. Values are normalized with t
ctivity of the promoterless basic vector, pSEAP2-B taken as 1. Eac
epresentative experiment. (C) Serial 59 deletion constructs were as
98
rase construct was cotransfected with each Frp
onstruct and the phosphatase activity was normalized
y the luciferase activity. The relative phosphatase
ctivities of the test constructs in each cell line were
imilar, but the Frp constructs exhibited significant
igher phosphatase activity in R6#13-8 than in R6
ells. This result correlates well with the lack or ex-
remely low level of expression of the endogenous rFrp
n R6 cells and high level of expression of rFrp in
6#13-8 cells. In this regard, we can conclude that the
p-regulation of rFrp observed in R6#13-8 cells is very

ikely to be controlled at the level of transcription.
ccording to the current sequence analysis, no known

unidirectional deletion analysis of rFrp promoter region from 22013
rFrp in R6#13-8 cells. One microgram of serial 59 deletion constructs
alkaline phosphatase (AP) was transfected into R6#13-8 cells along
indicate the endpoint of deletion constructs with respect to the
luciferase activity. The phosphatase activity is shown relative to the
ata point represents the mean 6 SE for three transfections from a
ed for activity in CHO K1 cells.
59
of
ed
rs
he
h d
say
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romoter region to the third intron of the rFrp. There-
ore, the upregulation of the rFrp as seen in R6#13-8
ells did not result from the direct interference of the
ranscriptional activity of p53 present in the cell lines.
ne of the potential regulatory elements, CREB, found

n the promoter domain interacts specifically with the
uclear transcriptional coactivator CREB binding pro-
ein (CBP) (21–23). The transactivation domain of
REB directly complexes with the CBP through the
IX domain (24), which is also a newly discovered

ontact point for the p53 tumor suppressor protein (25).
he KIX binding domain of p53 is crucial for p53 trans-
ctivation function. CBP and p53 have been shown to
ct synergistically in transcriptional regulation (26).
he intimate association between the CREB, CBP and
53 proteins could possibly explain the aberrant ex-
ression of rFrp observed in R6#13-8 cells overexpress-
ng mutant p53. It is possible that overexpression of

utant p53 might interfere with the function of wild-
ype p53 as a coactivator in the CREB/CBP protein
omplex. However, further investigation is required for
erification of this hypothesis.
To our knowledge, this is the first report to char-

cterize the transcriptional regulation of rFrp. We
ave shown that the proximal end of the promoter
egion (2202 to 2144) contains critical elements for
Frp gene expression. Our results presented here
uggest a possible mechanism by which the rFrp is
ifferentially regulated in the normal and mutant
53val135-transformed R6 cells. Our work also pro-
ides valuable information toward the understand-
ng of the regulation of rFrp and gives insights into
ts possible role in both tumorigenesis and develop-

ent.

FIG. 4. Nucleotide sequence alignment of the rat Frp promoter
egion 2213 to 11 with mouse and human homologs. Identical
ucleotides are indicated by dashes. Two nucleotide stretches
196 to 2185 and 2149 to 2141 which contain the putative

is-acting elements are boxed. Putative cis-acting elements
TAT3, Lyf-1, and MZF1 are located in the region 2196 to 2185
nd C/EBP-b, GATA-1, and CREB are located in the region 2149
o 2141.
99
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Differential expression assay of chromosome arm 8p genes iden-
tifies frizzled-related (FRP1/FRZB) and fibroblast growth factor
receptor 1 (FGFR1) as candidate breast cancer genes. Oncogene
18, 1903–1910.

4. Zhou, Z., Wang, J., Han, X., Zhou, J., and Linder, S. (1998)
Up-regulation of human secreted frizzled homolog in apoptosis
and its down-regulation in breast tumors. Int. J. Cancer 78,
95–99.

5. Wolf, V., Ke, G., Dharmarajan, A. M., Bielke, W., Artuso, L.,
Saurer, S., and Friis, R. (1997) DDC-4, an apoptosis-associated
gene, is a secreted frizzled relative. FEBS Lett. 417, 385–389.

6. Roth, W., Wild-Bode, C., Platten, M., Grimmel, C., Melkonyan,
H. S., Dichgans, J., and Weller, M. (2000) Secreted frizzled-
related proteins inhibit motility and promote growth of human
malignant glioma cells. Oncogene 19, 4210–4220.

7. Chang, J. T., Esumi, N., Moore, K., Li, Y., Zhang, S., Chew, C.,
Goodman, B., Rattner, A., Moody, S., Stetten, G., Campochiaro,
P. A., and Zack, D. J. (1999) Cloning and characterization of a
secreted frizzled-related protein that is expressed by the retinal
pigment epithelium. Hum. Mol. Genet. 8, 575–583.

8. Yam, J. W. P., Zheng, J. Y., and Hsiao, W. L. W. (1999) Identi-
fication and characterization of genes whose expressions are
altered in rat 6 fibroblasts transformed by mutant p53val135. Bio-
chem. Biophy. Res. Commun. 266, 472–480.
100
porated the ABI GeneScan analysis to a RACE-based technique
for mapping multiple transcription initiation sites. Mol. Biotech.
17, 129–134.

0. Freeman, A. E., Black, P. H., Vanderpool, E. A., Henry, P. H.,
Austin, J. B., and Huebner, R. J. (1967) Transformation of pri-
mary rat embryo cells by adenovirus type 2. Proc. Natl. Acad.
Sci. USA 58, 1205–1212.

1. Chrivia, J. C., Kwok, R. P. S., Lamb, M., Hagiwara, M. R.,
Montminy, M. R., and Goodman, R. H. (1993) Phosphorylated
CREB binds specifically to the nuclear protein CBP. Nature 365,
855–859.

2. Kwok, R. P. S., Lundbald, J. R., Chrivia, J. C., Richards, J. P.,
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