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Abstract
PACT is a stress-modulated, cellular activator of interferon (IFN)-induced double-stranded (ds)
RNA-activated protein kinase (PKR) and is an important regulator of PKR-dependent signaling
pathways. The research presented here is aimed at understanding the regulation of PACT expression
in mammalian cells. PACT is expressed ubiquitously in different cell types at varying abundance.
We have characterized the sequence elements in PACT promoter region that are required for its
expression. Using deletion analysis of the promoter we have identified the minimal basal promoter
of PACT to be within 101 nucleotides upstream of its transcription start site. Further mutational
analyses within this region, followed by electrophoretic mobility shift analyses (EMSAs) and
chromatin immunoprecipitation (ChiP) analysis have shown that Specificity protein 1 (Sp1) is the
major transcription factor responsible for PACT promoter activity.
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1. Introduction
Interferons (IFNs) mediate their antiviral and antiproliferative actions by inducing a number
of genes at the transcriptional level (Sen and Ransohoff, 1993; de Veer et al., 2001). PKR is
an IFN-induced, dsRNA-activated serine/threonine protein kinase involved in mediating the
inhibition of protein synthesis (Meurs et al., 1990; Clemens and Elia, 1997). Among the known
cellular substrates of PKR activity are the α subunit of eIF2 (Samuel, 1993) and B56α, the
regulatory subunit of protein phosphatase 2A (PP2A) (Xu and Williams, 2000).
Phosphorylation of these substrates leads to a global inhibition of protein synthesis (Samuel,
1993), thought to eventually lead to apoptosis. Although the impact of PKR activation has been
best studied on antiviral pathways, PKR has also been shown to be involved in several cytokine
and dsRNA-induced signaling pathways in the inflammatory response (Kumar et al., 1997;
Ramana et al., 2000). PKR has also been known to play a major role in apoptosis in response
to stress (Jagus et al., 1999; Williams, 1999), and in growth inhibition in several organisms
(Chong et al., 1992; Koromilas et al., 1992; Meurs et al., 1993; Dever et al., 1998). It is present
in all cell types and IFN induces the levels of cellular PKR, however the protein remains latent
until bound by an activator. In virally infected cells dsRNA serves as the activator of PKR
(Katze, 1995). PKR has been shown to bind to dsRNAs as short as 11 bp (Bevilacqua and
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Cech, 1996), however, a perfectly duplexed stretch of 50 bp is required for its activation
(Manche et al., 1992).

The dsRNA activation of PKR has been well-studied and characterized. The dsRNA binding
domain (DRBD) of PKR resides at the amino terminus (Green and Mathews, 1992; Patel and
Sen, 1992) (amino acids 1-170) and is composed of two copies of a dsRNA binding motif
(dsRBM), a sequence motif conserved in many RNA binding proteins (St Johnston et al.,
1992). Binding of dsRNA to PKR through these motifs causes a conformational change in the
protein that leads to unmasking of the ATP-binding site in the kinase domain and results in
autophosphorylation of PKR on several sites (Galabru and Hovanessian, 1987). The domains
involved in dsRNA binding are also involved in mediating dimerization of PKR, which is
essential for its kinase activity in the presence of dsRNA (Patel et al., 1995; Patel and Sen,
1998b; Tan et al., 1998). Although the same domain mediates both PKR’s dsRNA binding and
its dimerization, distinct residues have been identified that contribute to one or both these
properties (Patel et al., 1996; Patel and Sen, 1998b).

Studies with wild-type and PKR null mouse embryonic fibroblasts (MEFs) indicate that PKR
plays a major role in initiating apoptosis in response to stresses such as tumor necrosis factor-
α (TNF-α) and lipopolysaccharide (Der et al., 1997; Balachandran et al., 1998; Gil et al.,
1999; Gil and Esteban, 2000). Because dsRNA is not present in cells in the absence of a viral
infection, a protein activator is thought to initiate this activation of PKR resulting in the
induction of apoptotic pathways. This function is provided by PACT (PKR activating protein)
which heterodimerizes with PKR and activates it in the absence of dsRNA (Patel and Sen,
1998a). It has been shown that cellular stress signals activate PKR through PACT, ultimately
leading to eIF2α phosphorylation and apoptosis. PACT itself undergoes phosphorylation in
response to stress signals, and the phosphorylated PACT becomes increasingly associated with
PKR (Ito et al., 1999; Patel et al., 2000).

PACT itself binds dsRNA and contains three conserved dsRBMs (Patel and Sen, 1998a; Huang
et al., 2002). PACT has the ability to activate PKR in the absence of dsRNA and dsRBMs 1
and 2 (M1 and M2) of PACT are essential for its ability to bind to PKR. The third dsRBM
(M3) is not necessary for PACT’s ability to bind PKR, but is shown to be essential in activating
PKR’s kinase activity once the PACT/PKR heterodimer has formed (Peters et al., 2001; Huang
et al., 2002). Thus, PACT is a stress-modulated, cellular activator of PKR and is an important
regulator of PKR dependent signaling pathways. The research presented here is aimed at
understanding the regulation of PACT expression. We have analyzed the PACT promoter using
mutational analysis and attempted to reveal the factor(s) involved in the transcriptional
regulation of PACT. Our results demonstrate that two Sp1 binding sites are essential for PACT
expression from its TATA-less promoter.

2. Materials and Methods
2.1: Plasmids

The transcription start site of PACT was previously mapped using primer extension
(unpublished observations). PCR was used to amplify a region of the BAC cosmid clone
RP11-65L3 (Accession no. AC009948, BacPac Resources Center) that included a region of
PACT corresponding to nucleotides -2002 to +45 relative to its transcription start site. The
primers used for amplification were:

HPACT-2002: 5′-CGCTCGSGCGTAAAAATATGACCAATGTC-3′, and

HPACT-DS: 5′-CGCTCGAGCGCTGGTCCCCGGGAGGAGC-3′.
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The PCR amplified fragment was cloned into the pGEMT-Easy plasmid (Promega), and the
promoter was subsequently cloned into the pGL2Basic plasmid (Promega) upstream of a firefly
luciferase reporter gene.

2.2: Deletion Mutants
Deletion mutants from the 5′ end of the PACT promoter were created using PCR amplification
corresponding to the following locations relative to the transcription start site: -2002, -821,
-444, -309, -200, -101, -54. The six deletion mutants were then sub-cloned into pGL2Basic to
allow for their promoter activity to be tested in a cell culture system using HeLa cells.

2.3: Site-directed mutagenesis
The Gene-Editor kit (Promega) was used to create site-directed mutants of the GC boxes within
the PACT promoter at the following locations:

site 1A; -63CCACCC-58 to -63GAATCC-58,

site 1; -69CCGCCC-64 to -69AAGCTT-64,

site 1B; -100GGGGCG-95 to -100GAATCC-95,

site 2; -144GGGCGG-139 to -144GAATCC-139,

site 3; -166GGGCGG-161 to -166GATATC-161,

site 4; -177GGGCGG-172 to -177CATATG-172,

site 5; -187GGGCGG-182 to -187TCTAGA-182,

and site 6; -240GGGCGG-235 to -240AGATCT-235,

These site-directed mutants were also sub-cloned into pGL2Basic. pRL-Null is a plasmid
containing a constitutively active promoter linked to Renilla Luciferase. Double mutants were
also created using the Gene-Editor kit (Promega). The site 1 mutant-BSIIKS+ construct served
as the template and each of the second mutations were subsequently added to it.

2.4: Transfections
HeLa cells maintained in Dulbecco’s Modified Eagle’s Medium supplemented with penicillin/
streptomycin were used for transfection. 1μg of DNA per well of a six-well plate was
transfected using 5μl Lipofectamine (Invitrogen). Cotransfection with 25ng pRL-Null per well
was used to normalize the transfection efficiency. Twenty-four hours post-transfection cells
were harvested and the luciferase activity in each cell lysate was measured using a luminometer.

2.5: Electrophoretic Mobility Shift Assays (EMSAs)
The gel shift analyses were performed using following 24 bp oligonucleotides.

site 1: 5′-ACCAAGGCTCCGCCCCCACCCTGC-3′, and

site 2: 5′-AAGGGACAGGGGCGGAGTTGGGCC-3′.

We also used the following mutant 24 bp oligonucleotides identical to the mutations that we
previously made to test for the lack of competition for specific binding when used as cold
competitors.

site 1: 5′-ACCAAGGCTAAGCTTCCACCCTGC-3′, and

site 2: 5′-AAGGGACAGGAATTCAGTTGGGCC-3′.

As a positive control, we used a consensus oligonucleotide for Sp1, and as a negative control
we used a consensus oligonucleotide to an irrelevant transcription factor, TFIID from Promega.
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The oligonucleotides were annealed and radiolabeled with γ32P-ATP. Promega’s Gel-Shift
Mobility kit was used to carry out the reactions. Each reaction included 4.8 μg of HeLa nuclear
extracts, 25 ng radiolabeled oligonucleotides (∼150,000 cpm), and binding buffer (4%
glycerol, 1mM MgCl2, 0.5mM EDTA, 0.5mM DTT, 50mM NaCl, 10mM Tris-HCl [pH 7.5],
poly[dI-dC]•poly[dI-dC]). Competition assays were performed using a 50 fold molar excess
of unlabeled oligonucleotides. Supershift assays were performed using purified Sp1 antibody
(Santa Cruz, sc-59x). All reactions were assayed by electrophoresis on a 5% acrylamide gel
and subsequent autoradiography.

2.6: Chromatin Immunoprecipitation (ChiP) Assay
ChiP analysis was performed using the ChiP Assay kit (Upstate cell signaling solutions,
17-295) according to the manufacturer′s instructions. Briefly, cellular proteins and DNA were
cross-linked by adding formaldehyde to the growth media to a final concentration of 1% for
10 minutes. Cells were harvested in ice-cold phosphate-buffered saline and lysed with SDS
lysis buffer (50 mM Tris pH 8.1, 10 mM EDTA, and 1% SDS). Lysates were sonicated utilizing
a sonicator to shear DNA to an average size of 600 bp and pre-cleared with salmon sperm
DNA/protein A-agarose. Lysates were then tumbled overnight at 4 °C with salmon sperm
DNA/protein A-agarose with anti-Sp1 (Santa Cruz PEP 2, sc-59X) antibody. Complexes were
precipitated and serially washed three times each with low salt (20 mM Tris pH 8.1, 150 mM
NaCl, 2 mM EDTA, 0.1% SDS, and 1% Triton X-100); high salt (20 mM Tris pH 8.1, 500
mM NaCl, 2 mM EDTA, 01% SDS, and 1% Triton X-100); LiCl wash (10 mM Tris pH 8.1,
250 mM LiCl, 1 mM EDTA, 1% deoxycholate, and 1% Nonidet P-40); and TE buffer (20 mM
Tris pH 8.1 and 2 mM EDTA). Washed complexes were eluted with freshly prepared elution
buffer (1% SDS and 100 mM NaHCO3), and the Na+ concentration was adjusted to 200 mM
by adding NaCl followed by incubation at 65°C for 4 h to reverse protein/DNA cross-links.
DNA was purified utilizing a PCR purification kit (Qiagen). Purified DNA was then amplified
across the PACT promoter region utilizing the primers 5′-
CTGCCCCCTCGCTGGAGCAACG-3′ and 5′-CTTTGTCCTTAGCAGGAGGCCG-3′. 275
bp long PCR products were then resolved on a 1.2% agarose gel.

3. Results
3.1: Minimal promoter for PACT

In order to characterize PACT expression in different tissues, we performed northern blot
analysis with multiple tissue northern (MTN) blots (Clontech). This analysis revealed that
PACT mRNA is expressed ubiquitously, with highest levels in placenta and testis (Figure 1).
The transcription start site for PACT promoter was mapped by primer extension (data not
shown) and PCR was used to amplify a region of PACT -2002 nucleotides upstream of the
transcription start site from a genomic cosmid clone. This region could drive a reporter gene
expression in multiple human cancer cell lines including HeLa, HT1080, SW480, and murine
NIH3T3 cells in an orientation-specific manner. The same region in reverse orientation showed
drastically reduced expression of the reporter gene indicating the presence of promoter
sequences within this region (data not shown). Upon analyzing PACT’s promoter region we
observed that the promoter does not contain a TATA box. The only obvious regulatory elements
recognized were GC boxes, which are known binding sites for the transcription factor Sp1
(Figure 2). PACT promoter deletion mutants were created by PCR amplification and analyzed
for their activity in HeLa cells. Figure 3 shows that the -54 PACT-pGL2B construct did not
yield any more luciferase activity than pGL2B vector alone. The -101 PACT-pGL2B construct
yielded 50-fold more luciferase activity than the -54 PACT-pGL2B construct or pGL2B alone.
Sequence analysis reveals no GC boxes within the first 54 bp of PACT’s transcription start
site. This indicates that PACT’s minimal, basal promoter lies within 101 bp upstream of its
transcription start site, and that GC boxes may play a role in regulating the promoter. The
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promoter activity was increased about 2-fold compared to -101 PACT-pGL2B when the
constructs included either 200 bp or 309 bp sequences. The reason for this increase is unclear
at present. The -414 PACT-pGL2B construct showed about 5-fold enhanced activity as
compared to the -101 PACT-pGL2B construct. This significant increase in promoter activity
may be due to the presence of a CCAAT box at position -404 to -400. Further mutational
analysis will be required to understand any functional role and significance of this CCAAT
box. Inclusion of sequences upstream of -414 did not show much effect on the promoter
activity. These results indicate that sequences within the first 101 bp may contain sequence
elements that are required for transcription of PACT promoter.

3.2: GC boxes are necessary for transcription from PACT promoter
We then tested the effect of mutating each of the six GC boxes individually within the -414
PACT-pGL2B construct. None of these mutations significantly affected the promoter activity
compared to wild-type -414 PACT-pGL2B (Figure 4A). We reasoned that this could be due
to the functional redundancy offered by the multiple GC boxes within this region. In order to
test this idea, we examined the effect of mutating a single GC box within a region in which
there were no other GC boxes that could confer redundancy. The -101 PACT-pGL2B construct
does not contain GC boxes 2 through 6, however it does contain site 1 (Figure 2). We therefore
tested the effect of mutating this site within the -101 PACT-pGL2B construct. A mutation of
site 1 abolished PACT’s promoter activity when compared to wild-type -101 PACT-pGL2B
(Figure 4B). These data suggest that when site 1 is mutated in the longer -414 PACT-pGL2B
construct, one or more of the other GC boxes may be able to replace its function. However,
when site 1 is mutated within a context that does not include the other GC boxes, this mutation
abolishes PACT’s promoter activity, thereby indicating that site 1 plays an important role in
mediating transcription from this promoter. To test the effect of mutating more than one GC
box within the same construct we created double mutations. To accomplish this, we created
the double mutations within the -309 PACT-pGL2B construct which contains 6 identifiable
GC boxes (Figure 1, and 4 A). The double mutation of sites 1 and 2 completely abolished
PACT’s promoter activity compared to wild-type - 309 PACT-pGL2B (Figure 4C). These data
suggest that sites 1 and 2 contribute significantly to PACT’s promoter activity in HeLa cells.
In addition, when one of these two sites is mutated (Fig. 4 A), the other site could drive the
expression from this promoter. However, for full activity of the promoter, either site 1 or site
2 is essential, thus when both sites were mutated, the promoter lost its activity. When sites 3-6
were mutated one at a time in combination with site1, there was no deleterious effect on the
promoter activity indicating that in the absence of site 1, site 2 can fully substitute for its
activity. Thus, for full activity of PACT promoter only one of either site 1 or site 2 GC boxes
is sufficient.

3.3: Sp1 transcription factor binds to GC boxes in PACT promoter
To further investigate site 1 and site 2′s ability to bind the transcription factor Sp1 we performed
electrophoretic mobility shift assays (EMSAs) using HeLa nuclear extracts. We observed a
mobility shift using radiolabeled oligonucleotides corresponding to site 1 and site 2 of the
PACT promoter (Figure 5A, lanes 1 and 6). Cold, unlabeled Sp1 consensus oligonucleotide
efficiently competed for binding with the radiolabeled site 1 and site 2 oligonucleotides (Figure
5A, lanes 2 and 7). Cold, unlabeled site 1 and site 2 oligonucleotides also efficiently competed
for binding (Figure 5A, lanes 3 and 8). However, a cold unlabeled TFIID consensus
oligonucleotide did not compete for binding (Figure 5A, lanes 5 and 10). These data suggest
that Sp1 binds specifically to site 1 and site 2 of PACT’s promoter. Furthermore, labeled
oligonucleotides corresponding to the mutations created at site 1 and site 2 were not able to
compete with wild-type site 1 and 2 oligonucleotides for Sp1 binding (Figure 5A, lanes 4 and
9), indicating that the mutations we created did abolish the ability for those sites to bind Sp1.
This is significant in that it suggests that the effect of these mutations that we observe in HeLa
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cells is due to an inability to bind Sp1. The addition of an Sp1 antibody to the reaction resulted
in a supershift of one of the radiolabeled bands (Figure 5B). This further indicates that Sp1 is
the factor binding to the GC boxes at site 1 and site 2 of the PACT promoter, and that Sp1 is
the transcription factor necessary for PACT’s basal transcriptional activity.

3.4: Sp1 is bound to PACT promoter in native chromatin
In order to verify that Sp1 is bound to the GC boxes within PACT promoter, we tested its
presence in native chromatin by performing chromatin immunoprecipitation (ChiP) assay.
ChiP assay is a technique that allows quantification of protein-DNA interactions within the
context of native chromatin and involves three steps: chemical cross-linking of protein-DNA
complexes in intact cells; recovery of specific proteins by immunoprecipitation; and detection
of co-precipitating DNA sequences by PCR (Das et al., 2004). As seen in Fig. 6, Sp1 antibody
could successfully immunoprecipitate PACT promoter DNA with it from HeLa cells. The
negative control with no antibody added during the immunoprecipitation step showed no PCR
product. The input DNA control with PCR performed on cross-link reversed total DNA showed
a good PCR reaction as expected. These results establish that Sp1 does bind to PACT promoter
and regulate its transcriptional activity in HeLa cells, thereby confirming the role of Sp1 as
suggested by our mutational analysis of the GC boxes within this promoter.

4. Discussion
4.1: Transcription of PACT is regulated by Sp1

PKR is a serine/threonine kinase that is known to be an integral part of the apoptosis pathway
in response to cellular stress (Clemens and Elia, 1997; Williams, 2001; Donze et al., 2004).
Activation of PKR leads to the phosphorylation of downstream substrates, the best
characterized of which is the α subunit of eukaryotic initiation factor 2 (eIF-2) (Samuel,
1993; Clemens, 1996). Phosphorylation of eIF-2α inhibits protein synthesis, and ultimately
leads to apoptosis. PACT is the only known cellular activator of PKR that activates PKR by
direct protein-protein interaction in response to stress (Patel and Sen, 1998a; Patel et al.,
2000; Huang et al., 2002). PACT associates with PKR with an increased affinity in response
to stress signals and activates it leading to eIF2α phosphorylation and apoptosis. Here we
present our work aimed at characterization of PACT promoter and its regulation by Sp1
transcription factor.

From northern blot analysis it is seen that PACT mRNA is present in a number of tissue types,
and is present at an increased abundance in placenta and testis. Sequence analysis revealed that
the PACT promoter does not contain a TATA box, however it does have a high GC content.
There are six GC boxes within 400 bp upstream of the transcription start site. These GC boxes
(GGGCGG) are known binding sequences for the eukaryotic transcription factor Sp1
(Philipsen and Suske, 1999). These features of the PACT promoter resemble the promoters of
many housekeeping genes, such as thymidylate synthase (Rudge and Johnson, 2002).
Mutational analyses and EMSAs revealed that Sp1 is indeed the transcription factor necessary
for PACT basal transcription levels.

From the northern blot analysis shown in Fig. 1, we observed elevated expression of PACT in
placenta and testis. To examine if higher levels of Sp1 are responsible for PACT′s elevated
expression in these tissues we performed a western blot analysis to examine levels of Sp1
expression in various murine tissues. This analysis did not reveal any higher amount of Sp1
expression in placenta and testis. Although the expression of PACT was higher in placenta on
the MTN blot shown in Fig. 1, we did not observe a corresponding higher expression of PACT
mRNA or protein in three different human placental cell lines JAR, BeWO, and JEG3 (data
not shown). With respect to testis, immunohistochemistry analysis revealed expression of
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PACT in spermatogonia (unpublished observations) and there is no corresponding tissue
culture system to study PACT promoter in spermatogonial cells. Due to this, any promoter
elements responsible for higher expression levels of PACT in placenta and testis could not be
identified. It is certainly possible that the higher expression of PACT in placenta and testis may
be regulated by hormonal stimuli and thus could be mediated by transcription factors other
than Sp1, which may regulate the promoter by binding to sequence elements other than GC
boxes. It is also possible that the Sp1 activity may be modulated by post-translational
modifications such as phosphorylation (Li et al., 2004;Chu and Ferro, 2005) in these tissues
to give a higher transcriptional activation. These possibilities remain to be examined.

4.2: PACT activity is regulated post-translationally in response to stress signals
Our research on PACT has demonstrated that PACT plays an important role in mediating
apoptosis in response to stress signals (Patel et al., 2000). PACT is phosphorylated rapidly in
response to cellular stress such as serum/growth factor deprivation, oxidative stress, arsenite,
and actinomycin D (Ito et al., 1999; Patel et al., 2000; Peters et al., 2001). Phosphorylated
PACT associates with PKR with an increased affinity and causes activation of PKR leading
to eIF2α phosphorylation. The cells overexpressing PACT show enhanced apoptosis in
response to these stress agents (Ito et al., 1999; Patel et al., 2000). However, stress signals do
not mediate these effects by changing the cellular abundance of PACT mRNA or protein as
analyzed by RNase protection or western blot analysis (data not shown). PACT activity is
modified by phosphorylation at specific serine residues within the carboxy-terminal M3 motif
of PACT in response to stress signals without changing the cellular levels of PACT protein
(Peters et al., 2006). Thus, we did not expect PACT promoter to show enhanced activity in
response to stress signals and this was confirmed by our promoter analysis. Serum deprivation,
peroxide, thapsigargin, or arsenite treatment of transfected cells did not show any enhanced
promoter activity in any of the deletion constructs (data not shown).

4.3: Sp1, a general transcription factor
Sp1 was the first transcription factor to be identified and cloned (Dynan and Tjian, 1983;
Kadonaga et al., 1987). It was shown to be a sequence-specific DNA binding protein that was
required for transcription of several mammalian and viral genes (Suske, 1999). Sp1 binds to
GC/GT boxes via three C2H2-type zinc fingers present in the carboxy-terminal part of the
protein (Kadonaga et al., 1988). Several different Sp1like proteins have been identified in
mammalian cells including the Kruppel-like factors (KLFs) that have similar modular structure
to Sp1 factors and are important components of the eukaryotic cellular transcriptional
machinery (Kaczynski et al., 2003). By regulating the expression of a large number of genes
that have GC-rich promoters, Sp1-like/KLF transcription regulators may take part in many
important facets of cellular function, including cell proliferation, apoptosis, differentiation, and
neoplastic transformation (Black et al., 2001). Individual members of the Sp1 family can
function either as activators or repressors depending on the promoter they bind and the co-
regulators with which they interact (Zhao and Meng, 2005). Of particular interest is the
emerging role of Sp1 factors in growth regulatory pathways in cancer (Safe and Abdelrahim,
2005). It will thus be of interest to examine if PACT expression is modulated by modulation
of Sp1 levels or activity during malignant transformation.

4.4: Sp1 regulates transcription of both PKR and PACT genes
Although the organization of both human and murine PACT genes has been described earlier,
this analysis did not identify the transcription factors involved in its transcription (Rowe and
Sen, 2001). The results presented here identify Sp1 as the transcription factor that binds to the
GC boxes in PACT promoter and regulates its transcription. The expression of PKR itself is
regulated by Sp1 factors in the absence of IFN induction (Das et al., 2006). Similar to PACT
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promoter, PKR promoter also lacks the TATA box. Study of the promoter region of PKR by
deletion and mutational analysis has revealed a consensus 13-bp IFN inducible response
element (ISRE), which drives increased expression in response to IFNs (Kuhen and Samuel,
1997; Tanaka and Samuel, 2000). In addition to this element, a novel kinase conserved
sequence (KCS) element was described that is required for optimal basal and IFN-induced
expression (Ward et al., 2002; Ward and Samuel, 2002). In contrast to many IFN-inducible
genes, a considerable amount of expression of PKR is seen in many cell types even in the
absence of IFN treatment. This basal level expression of PKR gene has been shown to be
dependent on Sp1 and Sp3 factors belonging to the Sp family of transcription factors (Ward
and Samuel, 2003). Similar to our PACT promoter data, mutational analysis of the PKR
promoter also revealed two different Sp sites to be essential for expression (Das et al., 2006).
Regulation of both the PKR and PACT genes by Sp transcription factors emphasizes the
important functional role of these transcription factors in regulation of cell proliferation and
apoptosis.
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Figure 1.
Multiple Tissue Northern blot. Human multiple tissue northern blots I and II (Clontech) were
hybridized to a random-primer labeled PACT cDNA probe. Each lane contains 2 μg of poly
(A)+ RNA isolated from the indicated tissues. The same blot was stripped and re-probed with
a cDNA probe for actin as shown in the bottom panels to ascertain equal loading in all lanes.
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Figure 2.
PACT promoter sequence indicating the location of GC boxes within the promoter. PACT
promoter sequence (Accession no. AC009948) to the position -821 is shown. The GC boxes
are shown in bold underlined print as site 1-6. The transcription start site mapped using primer
extension is indicated by an arrow. The six GC boxes/sites were mutated using Promega’s
Gene Editor kit.
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Figure 3.
PACT’s minimal promoter resides within the first 101 bp upstream of the transcription
start site. PACT promoter deletion mutants in pGL2B were transiently transfected into HeLa
cells as described in Materials and Methods. Values given are relative Firefly luciferase units
standardized to relative Renilla luciferase units obtained by co-transfection of pRL-null
plasmid for normalization of transfection efficiency. Each transfection was performed in
triplicate and repeated at least once. Values shown are an average of both experiments. The
error bars indicate standard error.
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Figure 4.
Effect of GC box mutations on PACT promoter activity. All mutant constructs were
transiently transfected in HeLa cells as described in Materials and Methods. Values given are
relative Firefly luciferase units standardized to relative Renilla luciferase units obtained by
cotransfection of pRL-null plasmid for normalization of transfection efficiency. Each
transfection was performed in triplicate and repeated at least once. Values shown are an average
of both experiments. The error bars indicate standard error. (A) Individual mutations at sites
1-6 created within the -414PACT-pGL2B construct. (B) Mutation of site 1created within the
-101 PACT-pGL2B construct. (C) Double mutations created within the -309PACT-pGL2B
construct.
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Figure 5.
Electrophoretic Mobility Shift Assays (EMSAs) showing the site 1 and site 2 specifically
bind Sp1. EMSAs were performed using 24 bp oligonucleotides identical to site 1 and site 2
with HeLa nuclear extracts. (A.) Lanes 1 and 6 are HeLa nuclear extract alone. Lanes 2 and 7
show specific competition for binding with an Sp1 consensus oligonucleotide. Lanes 3 and 8
show competition with unlabeled site 1 and site 2 oligonucleotides (s1 and s2 respectively),
respectively. Lanes 4 and 9 show competition with site 1 and site 2 mutant oligonucleotides
(ms1 and ms2 respectively). Lanes 5 and 10 show non-specific competition with an TFIID
consensus oligonucleotide. The unlabelled competitor oligonucleotide added to the binding
reactions are indicated on top on each lane. (B.) An Sp1 antibody causes a specific supershift
of the bound proteins in site 1 and site 2. Lane 1 is free probe. Lanes 2 and 3 were probed with
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the Sp1 consensus oligonucleotide. Lanes 4 and 5 were probed with the site 1 oligo. Lanes 6
and 7 were probed with the site 2 oligonucleotide.
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Figure 6.
ChiP assay confirms presence of Sp1 on PACT promoter. Chip assay was performed using
HeLa cells and Sp1 specific PEP2 antibody (Santa Cruz). The PCR products obtained were
analyzed on a 1.2% agarose gel followed by Ethidium Bromide staining. The samples analyzed
are as indicated on the top of the lanes. Arrow indicates the position of 275 bp PCR product
originating from PACT promoter.
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