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Abstract
We have identified the transforming acidic coiled-coil protein-3 (Tacc3) as a binding partner for
Notch4/Int3 and were able to show that it binds to the intracellular domain (ICD) of all members of
the Notch receptor family. Members of the Tacc family reside at the centrosomes and associates with
microtubules. Recent studies suggest that Tacc3 also contributes to the regulation of gene
transcription. Tacc3 specifically interacts with the Notch4/Int3 CDC10/Ankyrin repeats and to a
lesser extent, with residues C-terminal to these repeats in the ICD. Dual label immunofluorescence
of mouse mammary tissue shows Tacc3 co-localizes with the Notch3 ICD. Co-immunoprecipitation
of endogenous Notch and Tacc3 proteins from NIH 3T3 cell extracts, lung and mammary gland
confirms that these two proteins interact under physiological conditions. In addition, knock down of
Tacc3 in NIH 3T3 cells leads to the up-regulation of Hey2, a target gene for Notch signaling. The
affinity of Tacc3 binding to Notch4/Int3 ICD is similar to that between Rbpj and Notch4/Int3 ICD.
Notch4/Int3 ICD-Tacc3 interaction results in the inhibition of transcription from a Hes1-Luciferase
reporter vector in COS-1 cells. The inhibition was reversed in these cells by increasing the levels of
Rbpj. Taken together, these results suggest that Tacc3 is a negative regulator of the Notch signaling
pathway.
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Introduction
The Notch4 gene was identified as a target for insertional mutagenesis by mouse mammary
tumor virus (MMTV) (1,2). Integration of MMTV into Notch4 activates the expression of the
portion of the gene encoding the intracellular domain (ICD) which has been designated Int3
(1,2). The ICD of Notch family members is comprised of three functionally defined regions
(3): the RAM23 region located adjacent to the transmembrane domain and binds the
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transcription repressor Rbpj (Suppressor of Hairless, Su(H)), CDC10/Ankyrin repeats, and the
PEST region. The Notch family of transmembrane receptors mediates cell fate decisions
throughout development (4). The Notch proteins are normally activated after interaction of the
extracellular domain with one of multiple ligands and through proteolytic cleavage that results
in translocation of the ICD to the nucleus where it binds to the transcription repressor Rbpj.
This interaction leads to the displacement of a complex of co-repressors, and the activation of
transcription of target genes. Thus MMTV integration into Notch4 represents a gain of function
mutation in which the gene product, Int3, corresponds to the activated form of Notch4. In the
nucleus, Int3 mediates transcription of genes associated with blocking mammary gland
development and mammary tumorigenesis (4). In other studies, Int3 has been shown to mediate
branching morphogenesis in mammary epithelial cells (5,6) as well as mediating vascular
patterning (7,8) and inhibiting angiogenesis (9). Other studies (4) imply that there are
components of Notch signaling that are independent of the Notch/ Rbpj interaction. To define
potential downstream components of the Notch4/Int3 signaling pathway, we performed a yeast
two-hybrid system screen (10) to identify proteins that directly interact with Int3. In this
analysis we have identified the gene encoding the transforming acidic coiled-coil protein 3
(designated Tacc3) (11) as a novel binding partner for Int3 that acts as a negative regulator of
Notch signaling.

Materials and Methods
Yeast Two-Hybrid and Mammalian Expression Vectors

Polymerase chain reaction (PCR) generated fragments of Notch−1, −2, −3, and −4 (Figure 1A)
and RBP-J were cloned into pAS2.1 or pGAD424 (ClonTech Laboratories; Palo Alto, CA).
Tacc3 DNA was PCR amplified from full-length cDNA (Invitrogen), three fragments of Tacc3
(Figure 1B) were cloned into the prey vector (pGAD424) to determine the minimal region
required for binding to Notch4/Int3 1.2 protein in the yeast two-hybrid system. Cloning of each
of these fragments is described in details in (Suppl. 1)

Yeast two-hybrid screen
A bait vector (pAS2.1) containing Notch4/Int3 1.2 (N4-1.2) cDNA (Figure 1A) was first
confirmed to lack the ability to autoactivate histidine expression. This vector was then co-
transformed with the Matchmaker mouse kidney cDNA library constructed in the prey vector
(pGAD424) into S. cerevisiae strain Y190, (Clontech; Palo Alto, CA). Nucleotide sequence
of two positive colonies showed that one encoded a portion of the Notch2 ICD (spans bases
5398-6477, (GenBank accession number D32210), and the other was Tacc3.

A Quantitative β-Galactosidase Assay
Interactions between the bait and prey vectors was measured using a β-galactosidase (β-gal)
assay. Liquid synthetic dropout (SD) medium lacking leucine and tryptophan (LT) was
inoculated with mated yeast colonies from SD-LT plates and incubated overnight. An equal
cell number was pelleted and resuspended in 0.5ml Z buffer (Clontech Laboratories, Inc.).
After freeze/thawing, 0.1ml of o-nitrophenyl β-D-galactopyranoside (4 mg/ml in H2O) was
added, the mixture was incubated at 30°C until yellow color appeared and the reaction was
stopped. Cell debris was removed by centrifugation and the OD420 was recorded. β-gal
activities are expressed as Miller units: 100X OD420/(T X V OD600), where T=time of
incubation in minutes and V=volume of cell suspension. Assays were performed in triplicate.

Quantitative RT-PCR Analysis
Total RNA was prepared from a pool of mammary tissue from three FVB/N mice using TRIzol
(Invitrogen). Total RNA was subjected to RT-PCR amplification using TaqMan One-Step RT-
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PCR Master Mix reagents (Applied Biosystems, Foster City, CA). Tacc3, Hey2 and
glyceraldehyde-3- phosphate dehydrogenase (Gapdh) probes were obtained from Applied
Biosystems. Reactions were run in four to six replicates in an MX3000 multiplex quantitative
PCR system (Stratagene). The relative abundance of mammary gland Tacc3 RNA was
calculated as the ratio normalized to Gapdh RNA expression in mammary tissue.

Immunofluorescence
Frozen tissue sections of mammary gland were blocked with 1% PBS-BSA before primary
antibody treatment. Anti-Tacc3 (Santa Cruz sc-5887) diluted 100X and anti Notch3 (Santa
Cruz, Biotechnology; Santa Cruz, CA) antibody diluted 100X in the blocking buffer were used.
Appropriate fluorescein-conjugated secondary antibody was used according to the
manufacturer's recommendations. Cells immunocytochemistry on cells was performed as
previously described (12).

RT-PCR Analysis
RNA extracts were prepared from COS-1 and NIH3T3 cells, using TRIzol (Invitrogen).
Nucleotide sequence of Tacc3 specific synthetic oligonucleotides are as follows: 5’-
AGTGAATTCATGCTTTCAGCTTCCACAAGT – 3’ and 5’-AGC
TGCGGCCGCTGATGGGTCTCTGAAGCTCT-3’; and for NOTCH4/Int3 as fellows: -
GAGGACAACATTGGTCTTAAG and 5’- AGCGCGGTCTGGCTGATT. Superscript One-
Step RT-PCR with Platinum Taq (Life Technologies) was used according to the manufacturer’s
protocol.

Transient Transfection and Luciferase Reporter Assay
COS-1 cells were cultured in DMEM medium containing 10% fetal bovine serum cell
transfection and luciferase assay were performed as previously described (12).

Immunoprecipitation and Western Blot Analysis
Tissue lysates were mixed with Notch3 antibody (Millipore 07-188) or Tacc3 antibody (Santa
Cruz Biotechnology; Santa Cruz, CA) for immunoprecipitation. The immunoprecipitates were
analyzed by western blot analysis as previously described (13) using the tissue lysate and anti-
Tacc-3 (Santa Cruz sc5885), anti-Notch4 (UpState, 07-189), anti Notch3 (Millipore 07-188)
or anti-Rbpj (Santa Cruz, sc28713).

Statistics
All data are expressed as the mean ± SEM. The statistical significance of the difference between
groups was determined using Student’s t test or ANOVA as appropriate. P ≤ 0.05 was chosen
for significance.

Results
Int3 interacts with Tacc3 in the yeast two-hybrid system

A yeast two-hybrid “bait” vector expressing the portion of the mouse Notch4/Int3 ICD
comprised of the Rbpj binding region (RAM23) and the CDC10/Ankyrin repeats, designated
N4-1.2 terminates at a Pst1 site just C-terminal to the ankyrin repeats, was used to screen a
“prey” mouse kidney cDNA library (Figure 1A). Approximately 2 × 107 transformants were
screened and 2 clones were found to interacted with Int3. Nucleotide sequence analysis of these
clones identified a portion of mouse Tacc3 (11) as a binding partner of Notch4/Int3 ICD
(compare Figure 1Ba and 1Bb). The sequence of the protein encoded by the prey gene was
identical to amino acid residues 91 to 552 (Figure 1Bb) of ERIC1 (erythropoietininduced
cDNA1)/Tacc3 (14) and Tacc3a from mouse testis and ovarian cDNA libraries (14).
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To further define the minimal region of Int3 required for binding Tacc3, several deletion
variants of the Int3 (Figure 1A) were subcloned into “bait” vectors. Interaction between these
bait proteins and Tacc3 was measured by β-galactosidase activity. The CDC10/Ankyrin region
of the Notch ICD was primarily responsible for interacting with the Tacc3 protein encoded by
“prey” vector (Figure 1C) since the Int3 deletion proteins lacking the CDC10/Ankyrin repeats,
i.e. the RAM23 (N4-0.3) or PEST (N4-1.1) showed weak or no interaction, respectively with
Tacc3. We have compared Tacc3 binding to Int3 with Rbpj, a protein known to bind to the
Notch ICD (3). As shown in Figure 1C, Rbpj binds to the product of the DNA fragment
encoding the RAM23 region of Int3 (N4- 0.3) and binding is enhanced when the CDC10/
Ankyrin region (N4-1.2) is also present. In addition, Tacc3 interacts with the RAM23-CDC10/
Ankyrin repeat regions (N-0.9) of Notch-2, and Notch-3 (Figure 1A). In this assay the Notch-1
ICD is self-activating (15). As negative controls, Tacc3 showed no interaction with the
unrelated proteins Int6 (16), p53 (16), TAX1 (17), TAT1 or TAT2 (18) (Figure 1C). To further
define the region of Tacc3 which binds to the Notch4/Int3 CDC10/Ankyrin repeats, vectors
expressing Tacc3 deletions (Figure 1Bc) were tested for their interaction with Int3-1.2 in the
yeast two-hybrid system. None of the proteins expressed by these deletion constructs interacted
with Int3-1.2 (data not shown).

The expression and co-localization of Tacc and Notch3 in the mammary gland
In the adult mouse, expression of the 2.4 Kb Tacc3 mRNA species was highest in the testis,
spleen and lung (data not shown and 7,19). In the mouse mammary gland, expression levels
for Tacc mRNA varied dramatically with the developmental stage and Tacc gene (Figure 2A).
Levels of Tacc1 and Tacc2 mRNA were highest throughout mammary development. However,
unlike Tacc2, Tacc1 expression decreased markedly during lactation. The highest levels of
Tacc1 and Tacc2 mRNA were detected in the involuted and lactating mice mammary glands
respectively. Interestingly, steady state levels of Tacc3 mRNA are highest in the mammary
glands of 5 wk old nulliparous and pregnant females when the gland is in an active growth
phase and low in lactating and early involuted mammary glands (Figure 2A).

Tacc3 binds to the ICD of each member of the Notch receptor family (Figure 1C). To
demonstrate that Tacc3 co-localizes in vivo with a member of the Notch receptor family we
have used double-labeled immunohistochemical analysis of Tacc3 and Notch3 in mammary
gland tissue of 5 wk old nulliparous, 5 day pregnant and 7 day involuted mice. Tacc3 and
Notch3 showed nuclear localization in the 7 day involuted mammary gland (Suppl. Fig 1A).
However, Notch3 and Tacc3 showed cytoplasmic staining in 5 wk nulliparous and 5-day
pregnant (data not shown) mammary glands. Scince all cells were positive for Tacc3 in the
tested mammary developmental stages, it was possible that the Tacc3 expression per cell was
different. To address this question, Tacc3 immunofluorescein intensity was quantified. This
analysis showed significant differences in Tacc3 cellular content in the 5 wk nulliparous and
5 day pregnant mammary gland versus the 7 day involuted mammary gland (Suppl. Fig 1B).
To further substantiate the Notch3- Tacc3 interaction in normal tissue, mammary and lung
tissue were collected from 10- week old FVB mice. Tissue lysates were subjected to
immunoprecipitation with Tacc3 or Notch3 antibodies. Western blot of the immunoprecipitates
were probed with anti-Tacc3 or anti-Notch3 antibodies. Immunostaining analysis revealed a
predominant interaction between Tacc3 and Notch4 (Figure 2B). For a control, a lung lysate
was loaded in the polyacrylamide gel

In vivo physical interaction between Tacc3 and Notch4/Int3
To demonstrate that in culture under physiological conditions Tacc3 physically interacts with
the ICD of a member of the Notch receptor family we screened several cell lines. Tacc3 and
Notch4 mRNA and protein could be detected in NIH3T3 cells but not in COS-1 cells (Suppl.

Bargo et al. Page 4

Biochem Biophys Res Commun. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 2A). In addition, Tacc3 was co-immunoprecipitated with Notch4/Int3 confirming the
interaction of these proteins (Suppl. Fig 2B).

We have further characterized this interaction by comparing the relative binding efficiency of
Tacc3 to Int3 with that of a known Notch ICD binding partner, Rbpj. The Tacc3 and Rbpj
proteins are similar in size 637 and 500 amino acids, respectively. Protein extracts were
prepared from COS-1 cells that were co-transfected transiently with fixed concentrations of
the Int3 expression vector and with increasing levels of the Tacc3 expression vector.
Densitometric analysis (Figure 3Ae) of western blots of the whole cell lysate confirmed the
fixed levels of Int3 (Figure 3Aa) and the increasing levels of Tacc3 (Figure 3Ab). Whole cell
lysates were immunoprecipitated with the Int3 polyclonal rabbit antibody and western blot
analysis was performed on the immunoprecipitate using a polyclonal antibody against mouse
Tacc3 (Figure 3Ac). As the concentration of Tacc3 vector was increased the level of Tacc3-
Int3 binding increased (Figure 3A, compare panels b and c and their respective densitometric
histograms). We analyzed under similar conditions, Rbpj binding to Int3 in COS-1 cells. As
in the previous experiment COS-1 cells were co-transfected transiently with a fixed
concentration of the Int3 expression vector (Figure 3B) and increasing levels of the Rbpj
expression vector (Figure 3Bb). Western blot analysis of the anti-Int3 immunoprecipitate for
Rbpj indicated that increasing levels of Rbpj expression vector are associated with increased
levels of Rbpj binding to Int3 (Figure 3B, compare panel b and c and their respective
densitometry histograms, Panel e). This suggests that the binding of Tacc3 and Rbpj to Int3 is
stoichiometrically similar (compare Figure 3a and 3b panel c).

Induction and regulation of Notch4/Int3 signaling in NIH3T3 cells by Tacc3
To investigate the effect of Tacc3 and Notch interaction on Notch signaling, NIH3T3 cells
were transfected with increasing levels of Tacc3 -siRNA (3, 6, and 12 µg, respectively).
Quantitative RT-PCR analysis of Tacc3 expression showed a decrease in the Tacc3 expression
as the Tacc3-siRNA increased. At 12 µg of Tacc3-siRNA there was a 85% decrease in Tacc3
mRNA (Suppl. Fig 3). Interestingly, Hey2 expression increased in the same cells as the Tacc3
expression decreased in a dose-dependent manner. At 12µg of Tacc3-siRNA, Hey2 mRNA
expression increased 4 fold (Suppl. Fig 3). This is consistant with Tacc3 being an inhibitor of
Rbpj dependent signaling. To support this hypothesis we next determined whether the Tacc3/
Int3 interaction affected Int3/Rbpj signaling. This was examined in COS-1 cells transfected
with Hes1-Luc reporter construct. Co-transfection of a constant concentration of the Int3
expression vector with increasing levels of the Tacc3 expression vector led to a dose-dependent
down-regulation of Int3/Rbpj transcription activity from the HES1 promoter (Figure 4A). Fifty
percent inhibition was achieved with 0.05 µg of the Tacc3 expression vector. In this assay it
is possible that Tacc3 was competing with the binding of endogenous Rbpj (from COS-1 cells)
to Int3 leading to an inhibition of Notch signaling. To test this hypothesis, we co-transfected
a constant level of Int3 (0.3µg) and Tacc3 (0.1µg) expression vectors with increasing
concentrations of the Rbpj expression vector. As the level of the Rbpj vector increased, Notch
signaling was restored (Figure 4B). These results are consistent with a strong correlation
between the ability of Tacc3 to bind Notch-ICD and its ability to down-regulate the activity of
the Notch transcriptional complex.

Discussion
We have identified Tacc3 as a binding partner of Notch4/Int3. The minimal binding region
(91-552 amino acid residues) for Tacc3 spans the seven acidic repeat sequences and the first
coil of the coiled-coil (Tacc conserved region) region. In addition, we were able to show that,
at least in the context of the yeast two-hybrid system, Tacc3 also binds to the other members
of the Notch receptor family and that binding is localized to the RAM23-CDC10/Ankyrin
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repeats of the ICD. Tacc proteins are ubiquitously expressed in mouse tissue. We show that
the steady state levels of Tacc3 mRNA increases in the mammary gland as the ductal epithelium
fills the nulliparous fat pad and then increases again during pregnancy as the density of alveolar/
lobular structures expands in the gland and is subsequently down-regulated during lactation
and early involution. At the onset of pregnancy, a dramatic increase in proliferation and
differentiation of the mammary epithelium occurs. It is possible that the high levels of Tacc3
in the pregnant mouse mammary gland bind to Notch-ICD preventing it from binding to Rbpj.
This results in the release of Notch induced inhibition of differentiation and mammary alveolar
structures are formed. After parturition and with the establishment of lactation, the mammary
epithelium becomes differentiated and proliferation ceases. Tacc3 expression is up-regulated
during the early stages of differentiation and is down regulated in terminally differentiated
cells. Involution in the mouse mammary gland is characterized by a massive loss of secretory
epithelial cells resulting from programmed cell death. Tacc3 expression is at its lowest level
in the involuting mammary gland. Tacc3 deficiency is associated with a high rate of apoptosis
(20).

Although Tacc3 does not appear to have a nuclear localization signal sequence, PSORT II
analysis predicts that there is a 76.7% probability that Tacc3 is a nuclear protein and in fact it
has been found in the nucleus of interphase cells in several human and mouse tissues (19). Dual
immunofluorescence of tissue sections from the mammary gland at day7 of involution, showed
cells in which Tacc3 and Notch3 co-localized either to the nucleus or to the cytoplasm. The
subcellular location of Tacc3 may therefore be dependent on the cell type, stage of the cell
cycle, and the nature of other proteins with which it can interact. Evidence that Tacc3 and
Notch3 physically interact under physiological conditions is provided by immunoprecipitation/
immuno-blotting experiments with NIH3T3, mammary gland and lung protein extracts. We
have used Notch3 in the immuno-precipitation experiments since Notch3 levels in the mouse
mammary gland are the highest among the Notch receptors (our unpublished observation).
Also, our data shows that Tacc3 interacts with all of the Notch receptors. We have also
demonstrated that the affinity of Tacc3 for Notch4/Int3 is similar to the affinity of the known
binding partner Rbpj for Notch4/Int3. Taken together, these data are consistent with the
conclusion that Tacc3 is a binding partner of the Notch ICD.

Tacc3 has previously been identified using the yeast two-hybrid system as a binding partner
to the signal transducer and activator of transcription 5 (STAT5) (20), the aryl hydrocarbon
nuclear receptor translocator (ARNT) (21), and Friend of GATA-1 (FOG-1) suggesting that
Tacc3 has several biological functions in the cell in addition to those involved with mitosis. In
the case of ARNT and FOG-1, Tacc3 inhibits their activity by sequestering them in the
cytoplasm. In this regard Tacc3 has been shown to have an essential role during development.
Tacc3 is required for hematopoeitic stem cell function and genetically interfaces with p53-
regulated apoptosis (20). A knock out of Tacc3 results in embryonic lethality in mice (20). In
other studies Tacc3 has been shown to be associated with osteoblast differentiation (22) and
is induced by erythropoietin in erythroid precursor cells (23).

Several transcription activators have been shown to interact with the histone acetyltransferases
(HAT) such as the coactivator p300/CBP (24) and PCAF (25). Interestingly, mNotch1 ICD
has been shown to bind to the GCN5 and PCAF HATs (26). Further, these authors showed that
Notch/HAT interaction augments Notch/ Rbpj signaling and that the binding region for HAT
corresponds to the CDC10/Ankyrin repeats and the transactivation (TAD) domain. Recent
studies have demonstrated that human Tacc3 also binds to the hGCN5L2 and PCAF HATs
(27,28). In the present study we have shown that Tacc3 inhibits, in a dose dependent manner,
Int3/ Rbpj transcription of the Hes1 reporter gene. This inhibition could be relieved with
increasing levels of Rbpj. These results suggest a model in which Tacc3 acts as an inhibitor of
Notch signaling by displacing HAT and/or Rbpj from Int3.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. The interacting regions of Tacc3 and Notch/Int3 intracellular domain (ICD)
Panel A. Notch ICD deletion vectors. N1-0.9 encodes amino acid residues 1747 to 2075 of
mouse Notch1 and the homologous regions of Notch2 (N2) and Notch3 (N3). Three deletion
vectors of the Notch4 ICD (Int3) were constructed as described in the Materials and Methods.
Panel B. Tacc3 deletion vectors. The numbers above the maps indicate an amino acid residue
at indicated boundaries. (a) Full length Tacc3. (b) Nucleotide sequence of the gene encoding
the Notch4/Int3 demonstrated that it is identical to Tacc3 gene. (c) The products of prey vectors
encoding amino acid residues 1- 138, 131-316, and 301-630 did not interact with the Notch4/
Int3 ICD in the yeast two-hybrid assay. Panel C. Characterization of the minimal regions of
Notch required for intermolecular interaction with Tacc3. Tacc3 prey vector or the negative
control pGAD24 vector was co-transformed by itself or with Notch bait vectors or with RBP-
J expressing vector into S. cerevisiae strainY190. The three deletion constructs, N4-1.2, N4-1.1
and N4–0.3 were used to determine the Tacc3-binding sites within the N4/Int3 ICD. The
CDC10 region of N1, N2 and N3 ICD was primarily responsible for interacting with Tacc3.
The bait vectors containing Int6, TP53, TAX1, TAT1 and TAT2 represent unrelated genes that
were used as negative controls.
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Figure 2. Tacc and Notch4/Int3 in vivo expression and co-localization
(Panel A). RT-PCR of Tacc mRNA levels in the normal mouse mammary gland. All Tacc
mRNAs were expressed in the mammary gland. Tacc3 mRNA levels are the lowest in the
mammary gland. Tacc1 mRNA levels peaked during early pregnancy and late involution.
While, Tacc2 mRNA levels peaked in the lactating mammary gland. All reactions were
performed in duplicates and repeated at least three times. The results have been normalized to
the epithelial marker Kertatin 8 (K8) RNA levels. Panel B. In vivo interaction of endogenous
Tacc3 with Notch3. Western blotting analysis of endogenous Notch3 and Tacc3 interaction in
FVB lung (lane 1) and normal mammary gland (lane 2). Immunoprecipitation of mammary
and lung protein extracts with Notch3 antibody (a) or Tacc3 antibody (b) and immunoblotting
with Tacc3 antibody (a) or Notch3 antibody (b). Both Tacc3 and Notch3 were co-
immunoprecipitated confirming the interaction of these proteins. Lung protein extract (lane 3)
was used as a control.
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Figure 3. Interaction between Tacc3, Int3 and Rbpj in mammalian cells
Panel A. COS-1 cells were co-transfected with a fixed concentration of Int3 expression vector
(0.5 µg) and increasing concentration of Tacc3 expression vector, 0.125 (lane 1), 0.25 (lane
2), 0.5 µg (lane 3). Western blot analysis of Notch4/Int3 shows constant levels of Int3 in co-
transfected cells (a); and increasing levels of Tacc3 in co-transfected cells (b).
Immunoprecipitates of Int3 analyzed by immunoblotting with Tacc3 antibody (c) shows an
increase of Int3 binding to Tacc3 as the concentration of Tacc3 increased. Immunoblotting for
α-tubulin was used as a protein loading control (d). Panel e, shows the respective measurements
of band intensity in Panel a, b and c presented in arbitrary units. Panel B. Interaction of Rbpj
with Int3 in mammalian cells. COS-1 cells were cotransfected with a fixed concentration of
the Int3 vector (0.5 µg) and increasing concentration of RBP-J vector, 0.125 (lane 1), 0.25
(lane 2), 0.5 µg (lane 3). Western blot analysis of Notch4/Int3 shows constant levels of Int3
expression in co-transfected COS-1 cells (a), and increasing levels of RBP-J expression in co-
transfected cells (b). Immunoprecipitates of Int3 analyzed by immunoblotting with Rbpj
antibody (c), shows increasing levels of Rbpj expression vector are associated with increased
levels of RBP-J binding to Int3. Immunoblotting of α-tubulin was used as a loading control
for protein (d). Panel e, shows the respective measurements of band intensity in Panel A, B
and C presented in arbitrary units.
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Figure 4. Regulation of Notch4/Int3 signaling by Tacc3
Panel A: COS-1 cells were transiently co-transfected with a fixed concentration of expression
vectors encoding Notch/Int3 (0.3 µg) and luciferase reporter construct under the control of the
Hes-1 promoter (0.5 µg) in the presence or absence of increasing concentrations of Tacc-3
expression vector (0, 0.05, 0.1, 0.25 or 0.5 µg). Data show a dose-dependent down regulation
of Notch4/Int3 activation of the Hes-1 promoter as Tacc3 concentration increases. Panel B.
COS-1 cells were transiently co-transfected with a fixed concentration of expression vectors
encoding Notch4/Int3 (0.3 µg), luciferase reporter construct under the control of the Hes-1
promoter (0.5 µg), and Tacc3 (0.1 µg) in the presence or absence of increasing levels of RBP-
j expression vector (0, 0.01, or 0.05 µg). Tacc3 inhibition of Int3 activity is suppressed by
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increasing RBPj levels. Each bar represents the mean ± SEM of a minimum of a duplicate of
three independent experiments for each experimental group. **P ≤ 0.05 compared to all
treatments and *P ≤ 0.05, compared to Hes-Luc.
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