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During a viral infection, reprogramming of the host cell gene expression pattern is required to establish an
adequate antiviral response. The transcriptional coactivators p300 and CREB binding protein (CBP) play a
central role in this regulation by promoting the assembly of transcription enhancer complexes to specific
promoters of immune and proinflammatory genes. Here we show that the protein A238L encoded by African
swine fever virus counteracts the host cell inflammatory response through the control of p300 transactivation
during the viral infection. We demonstrate that A238L inhibits the expression of the inflammatory regulators
cyclooxygenase-2 (COX-2) and tumor necrosis factor alpha (TNF-�) by preventing the recruitment of p300 to
the enhanceosomes formed on their promoters. Furthermore, we report that A238L inhibits p300 activity
during the viral infection and that its amino-terminal transactivation domain is essential in the A238L-
mediated inhibition of the inflammatory response. Importantly, we found that the residue serine 384 of p300
is required for the viral protein to accomplish its inhibitory function and that ectopically expressed PKC-�
completely reverts this inhibition, thus indicating that this signaling pathway is disrupted by A238L during
the viral infection. Furthermore, we show here that A238L does not affect PKC-� enzymatic activity, but
the molecular mechanism of this viral inhibition relies on the lack of interaction between PKC-� and p300.
These findings shed new light on how viruses alter the host cell antiviral gene expression pattern through
the blockade of the p300 activity, which represents a new and sophisticated viral mechanism to evade the
inflammatory and immune defense responses.

Positive and negative control of gene transcription plays a
pivotal role in the functional differentiation of cells and in their
ability to respond to extracellular signals and environmental
stress (34, 53). During a viral infection, reprogramming of the
host cell gene expression pattern occurs in order to establish an
adequate antiviral response, but viruses have evolved strategies
to subvert the host cell antiviral defense mechanisms, prevent-
ing both the inflammatory and immune responses (22).

CBP and p300 proteins play a central role in the regulation
of gene transcription. They are transcriptional coactivators
able to integrate multiple signal-induced pathways and coor-
dinate gene expression, acting as crucial scaffolds for the for-
mation of transcriptional initiation complexes (11).

CBP/p300 proteins do not specifically interact with promoter
elements of target genes, but they are recruited to promoters
by interaction with DNA-bound transcription factors, where
they directly interact with the RNA Pol II complex (11, 36, 45).
In this respect, it has been demonstrated that CBP/p300 inter-
act with multiple transcription factors, including p53 (32), E2F
(42), CREB (3), NFAT (24), NF-�B (25, 47), c-Jun (5), and
c-Fos (4), coordinating the transcription of their target genes.
The p300 coactivator carries out this function through different

functional domains integrated in its amino-terminal (CH1 and
KIX domains) and carboxyl-terminal (CH2 and CH3 domains)
regions, as shown in the diagram in Fig. 1. CBP and p300 have
been shown to be involved in several cellular events (reviewed
in reference 27), such as the establishment of an adequate
signal-induced immune and inflammatory response, by pro-
moting the assembly of different transcription enhancer com-
plexes (enhanceosomes) to specific promoters of immune and
proinflammatory genes (8). Therefore, it is not surprising that
several proteins encoded by different classes of DNA and RNA
viruses have targeted both CBP and p300 as a mechanism to
exploit or subvert cellular programs.

Viral proteins from at least four distinct viruses associate
with CBP/p300: adenovirus E1A, SV40 large T antigen, E6 and
E7 proteins from HPV, and HTLV-1 Tax protein (2, 10, 15, 33,
38). Interestingly, all of these viral proteins interacting with
p300 and/or CBP modulate their acetyltransferase activity and
their transactivation ability, thus affecting cell cycle regulatory
proteins and promoting the subsequent cell malignant trans-
formation (reviewed in reference 27).

ASFV, the sole member of the Asfarviridae family (17), en-
codes a protein, A238L, which inhibits NF-�B and NFAT
activity when expressed in different cell types or during ASFV
infection (44, 48). In previous reports, we have also shown that
A238L is thus able to downregulate the transcriptional activa-
tion of the immunomodulatory genes for COX-2, TNF-�, and
inducible nitric oxide synthase by a mechanism involving the
transactivation mediated by NFAT, NF-�B, and c-Jun (28, 29,
31). We have also demonstrated very recently that A238L
downregulates p300 transactivation through a mechanism that
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involves PKC-� in T cells (28). However, the molecular mech-
anism underlying the A238L-mediated control of the expres-
sion of proinflammatory genes during the infection remains
largely unclear. Since p300 is essential to promote the expres-
sion of COX-2 (16) and TNF-� (54) during the initiation of the
inflammatory response mediated by macrophages and T lym-
phocytes, we decided to further investigate the molecular
mechanism by which A238L exerts its inhibitory activity during
the infection and to analyze the role of p300 in the A238L-
mediated inhibition of the expression of these proinflamma-
tory factors, using the Vero cell line and porcine macrophages
as models of ASFV infection (19).

We demonstrate here that A238L inhibits the expression
of the proinflammatory molecules COX-2 and TNF-� in
ASFV-infected Vero cells, by blocking the recruitment of
the coactivator p300 to their promoters, destabilizing the
enhanceosome formed on such regulatory sequences. Fur-
thermore, we report not only that A238L inhibits the activity
mediated by the amino-terminal TAD of p300 during the
viral infection but also that the amino-terminal CH1 regu-
latory region of p300 is essential in the A238L-mediated
inhibition on COX-2 and TNF-� promoters. Furthermore,
the expression of the viral protein during the infection of
porcine alveolar macrophages with the ASFV virulent strain
E70 efficiently interfered with the association between
PKC-� and the amino-terminal TAD of p300, thus impairing
the phosphorylation and activation of the coactivator. Fi-
nally, we demonstrate that the viral protein requires the
residue serine 384 to carry out its inhibitory function
through the ASFV infection and that the expression of the
constitutively active mutant S384D fully reverts the inhibi-
tion mediated by A238L in ASFV-infected Vero cells.

These findings shed new light on how viruses can interact
with and modulate the activity of the transcriptional coactiva-
tor p300, thus altering the host cell immune and proinflamma-
tory gene expression patterns. Hence, these results represent a
new and unique viral mechanism of evasion, since to our
knowledge, it has never been shown that the direct inhibition
of the amino-terminal TAD of p300 by a viral product results
in the control of the host protective response against the viral
infection.

MATERIALS AND METHODS

Abbreviations. AP-1, activating protein 1; ASFV, African swine fever virus;
ATCC, American Type Culture Collection; CBP, CREB binding protein;
COX-2, cyclooxygenase-2; CREB, cyclic AMP-response element binding pro-
tein; DMEM, Dulbecco’s modified Eagle medium; HAT, histone acetyltrans-
ferase; hpi, hours postinfection; HPV, human papillomavirus; HTLV-1, human
T-cell leukemia virus type 1; IgG, immunoglobulin G; Ion, calcium ionophore;
MBP, myelin binding protein; MOI, multiplicity of infection; NFAT, nuclear
factor of activated T cells; NF-�B, nuclear factor-kappa B; PFU, plate-forming
units; PKC, protein kinase C; PMA, phorbol 12-myristate 13-acetate; RLU,
relative luciferase units; RNA Pol II, RNA polymerase II; SDS-PAGE, sodium
dodecyl sulfate-polyacrylamide gel electrophoresis; SV40, simian virus 40; TAD,
transactivation domain; TFIIB, transcription factor II B; TNF-�, tumor necrosis
factor alpha; wt, wild type.

Cell culture, viruses, and reagents. Vero (African green monkey kidney) cells
were obtained from the ATCC and grown in DMEM (Gibco) supplemented with
5% fetal bovine serum. Porcine alveolar macrophages were obtained by bron-
choalveolar lavage of pigs and cultured in DMEM supplemented with 10%
homologous swine serum, 2 mM L-glutamine, 100 U of gentamicin per ml, and
nonessential amino acids (9). The Jurkat human leukemia T-cell line was ob-
tained from the ATCC and cultured in RPMI 1640 medium supplemented with
10% fetal bovine serum. Both media were supplemented with 2 mM L-glutamine,
100 U of gentamicin per ml, and nonessential amino acids. Cells were grown at
37°C in 7% CO2 in air saturated with water vapor. The generation of Jurkat cells
(Jurkat-A238L) and cells from its control cell line (Jurkat-pcDNA) that stably
expressed A238L was described previously (29). Jurkat cells were stimulated by
PMA (Sigma) at 15 ng/ml and A23187 Ion (Sigma) at 1 �M. The Vero-adapted
ASFV strain Ba71V was propagated and titrated by plaque assay on Vero cells
as described previously (19). The A238L-defective mutant �A238L viruses
cloned in both the Vero-adapted Ba71V strain and the E70 virulent strain were
generated by insertion of the Escherichia coli �-glucuronidase gene into the
A238L open reading frame, as previously described (23, 28). Both Ba71Vwt and
Ba71V�A238L viruses were used to infect Vero cells at a MOI of 5 PFU per cell.
The virulent ASFV strain E70 was propagated and titrated by plaque assay on
swine alveolar macrophages as described previously (9).

Western blot analysis. Nuclear extracts from Jurkat-pcDNA and Jurkat-
A238L cells, unstimulated or stimulated with PMA/Ion, were prepared as pre-
viously described (29). To prepare whole-cell extracts of mock-infected or
ASFV-infected porcine macrophages, the cells were washed twice with phos-
phate-buffered saline and lysed in radio-immunolabeling protein assay buffer
containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1% Nonidet P-40, and
0.25% Na-deoxycholate and supplemented with protease inhibitor mixture tab-
lets (Roche). In each case, the protein concentration was determined by the
bicinchoninic acid spectrophotometric method (Pierce). Cell lysates were frac-
tionated by SDS-PAGE and electrophoretically transferred to an Immobilon
extra membrane (Amersham), and the separated proteins reacted with specific
primary antibodies. The antibodies used were the following: GAL4 (sc-577;
Santa Cruz Biotechnology), p300 (sc-584; Santa Cruz Biotechnology), PKC-�
(sc-212; Santa Cruz Biotechnology), RNA Pol II (sc-9001; Santa Cruz Biotech-
nology), and TFIIB (sc-225; Santa Cruz Biotechnology). Membranes were ex-
posed to horseradish peroxidase-conjugated secondary antibodies (Amersham
Biosciences), followed by chemiluminescence (ECL; Amersham Biosciences)
detection by autoradiography. TINA 2.0 software was used to perform densito-
metric analysis.

In vitro DNA-protein binding assay. Binding of proteins to the specific probes
of the TNF-� and COX-2 promoters was analyzed by a DNA-protein binding
assay, by using streptavidin-coated beads to bind biotinylated DNA probe, which
was incubated with nuclear extract proteins. Biotine-labeled, double-stranded
oligonucleotide probes corresponding to the different binding sites were synthe-
sized by Isogen. The probes used were the following: �1 (5�-biotine-CCCCGG
GGCTGTCCCAGGC-3�), �2 (5�-biotine-GTGTGAGGGGTATCCTTGATG-
3�), (	157)NFAT (5�-biotine-CGATGGAGAAGAAACCGAG-3�), and CRE/
�3 (5�-biotine-AGATGAGCTCATGGGTTTCTCCACC-3�) for the human
TNF-� promoter; and distal NF-�B (5�-biotine-GGAGAGGGGATTCCCTGC
GC-3�), proximal NF-�B (5�-biotine-GAGTGGGGACTACCCCCTCTG-3�),
distal NFAT (5�-biotine-GAGGAGGGAAAAATTTGTG-3�), and proximal
NFAT (5�-biotine-AGGCGGAAAGAAACAGTCATTT-3�) for the human
COX-2 promoter. The control probe was an irrelevant DNA sequence (5�-biot
ine-TTACCAACTGAGCCATCTCC-3�). The binding assay was performed as
described previously (31). Briefly, 500 �g of nuclear extract proteins from stim-
ulated or unstimulated Jurkat-pcDNA and Jurkat-A238L cells was mixed with 5
�g of biotinylated probe and 50 �l of 4% streptavidin beaded agarose (Sigma)

FIG. 1. p300 protein structure and functional domains. Diagram of
the p300 coactivator protein showing its functional domains clustered
in two different regulatory regions: the amino-terminal region, con-
taining the CH1 and KIX functional domains and also a bromo do-
main, and the carboxyl-terminal region, containing the CH2 and CH3
domains, which are part of the HAT catalytic domain. Both regulatory
regions can act independently and interact simultaneously with the
transcriptional machinery and/or with different transcription factors to
build the transcriptional activity mediated by these coactivators. The
amino acid (aa) position of each functional domain is also indicated in
the scheme.
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with 70% slurry. The mixture was incubated at room temperature for 1 h with
shaking. Beads were then pelleted and washed three times with ice-cold phos-
phate-buffered saline. The bound proteins were eluted in loading buffer and
separated by 4 to 15% PAGE, followed by Western blot analysis with the
indicated antibodies.

Plasmid constructs. The pcDNA-A238L expression plasmid was generated as
described previously (29). The COX-2 promoter construct containing the full-
length promoter sequence fused to a firefly luciferase reporter gene, named
p2-1900(	1796, �104), was generated as described previously (35). The human
TNF-� promoter construct containing the full-length promoter sequence fused
to a firefly luciferase reporter gene, named pTNF(	1311)luc, was generated as
described previously (49). The GAL4-p300 full-length construct and the mutants
GAL4-p300(192-703), GAL4-p300(1-1301), and GAL4-p300(1239-2414) were
kindly provided by Neil D. Perkins and generated as described previously (50).
The GAL4-luciferase construct (pGAL4-Luc) contains five GAL4 DNA consen-
sus binding sites derived from the yeast GAL4 gene fused to a luciferase reporter
gene (43). The p300wt expression plasmid pCI-p300 and its HAT deletion mu-
tant, pCI-p300�HAT, were generous gifts from Joan Boyes and were generated
as described previously (7). The expression plasmids pCMV-E2-p300�CH1(�61-
1032) and pCMV-E2-p300�CH2(�1139-1394) were kindly provided by Richard
G. Pestell and were generated as described previously (2). The full-length and
amino-terminal TAD p300 serine 384-to-alanine (S384A) and serine 384-to-
aspartic acid (S384D) mutant expression plasmids, GAL4-p300(S384A) and
GAL4-p300(S384D), respectively, were generated by using a QuickChange site-
directed mutagenesis kit (Stratagene) following the manufacturer’s instructions.
Oligonucleotides used for mutagenesis were the following: p300(S384A), 5�-CC
ACATGACACACTGCCAGGCAGGCAAGTCTGCCAAGTGGC-3� (forward)
and 5�-GCCACTTGGCAGACTTGCCTGCCTGGCAGTGTGTCATGAG
G-3� (reverse); and p300(S384D), 5�-CCACATGACACACTGCCAGGACGG
CAAGTCTGCCAAGTGGC-3� (forward) and 5�-GCCACTTGGCAGACTTG
CCGTCCTGGCAGTGTGTCATGAGG-3� (reverse). Serine-to-alanine or
-aspartic acid substitutions are underlined. The Renilla luciferase plasmid pRL-
tk-luc (Promega) was used to evaluate transfection efficiency.

Transfection and luciferase assays. Vero cells, Jurkat cells, and porcine alve-
olar macrophages were transfected with 250 ng of specific reporter plasmids
and/or 1 �g of expression plasmids per 106 cells using the Lipofectamine Plus
reagent (Invitrogen) according to the manufacturer’s instructions and mixing in
Opti-MEM (Invitrogen) in a six-well plate. The cells were incubated at 37°C
during 4 h, washed, and incubated in serum-free medium. As a transfection
control for luciferase assays, the Renilla luciferase control plasmid pRL-TK
(Promega) was cotransfected in all of the experiments. Sixteen hours after
transfection, Jurkat-pcDNA and Jurkat-A238L cells were stimulated with 15
ng/ml of PMA plus 1 �M Ion over 4 h (PMA/Ion), Vero cells were infected with
Ba71Vwt or Ba71V�A238L at a MOI of 5 PFU/cell, and macrophages were
infected with E70wt or E70�A238L at a MOI of 5 PFU/cell. At the indicated
times, cells were lysed with 200 �l of cell culture lysis reagent (Promega) and
microcentrifuged at full speed for 5 min at 4°C, and 20 �l of each supernatant
was used to determine firefly and Renilla luciferase activity in a Monolight 2010
luminometer (Analytical Luminescence Laboratory) using a dual luciferase assay
system (Promega). Transfections were normalized to Renilla luciferase activity,
and results were expressed as the RLU after normalization of protein concen-
tration determined by the bicinchoninic acid method, as indicated in the figure
legends. Transfection experiments were performed in triplicate, and the data are
presented as the means of the RLU (means 
 standard deviations).

mRNA analysis. Total RNA was prepared from ASFV-infected Vero cells by
the Trizol reagent RNA protocol (Invitrogen). Total RNA (1 �g) was reverse
transcribed into cDNA with a RevertAid first-strand cDNA synthesis kit (MBI
Fermentas) and used for PCR amplification with the addition of Taq DNA
polymerase (Roche) following the manufacturer’s instructions. Specific primers
used in PCRs were the following: for human COX-2, 5�-TTCAAATGAGATT
GTGGGAAAATTGCT-3� (forward) and 5�-AGATCATCTCTGCCTGAGTA
TCTT-3� (reverse); for human TNF-�, 5�-TCAGATCATCTTCTCGCACCC-3�
(forward) and 5�-GACTCGGCAAAGTCGAGATAG (reverse); and for human
�-actin, 5-�GAGAAGATGACCCAGATCATG-3� (forward) and 5-�TCAGGA
GGAGCAATGATCTTG-3� (reverse). The PCRs were performed by 30 cycles
of denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and extension at
72°C for 1 min. Amplified cDNAs were separated by agarose gel electrophoresis,
and bands were visualized by ethidium bromide staining.

Coimmunoprecipitation. Whole-cell extracts were prepared from porcine
macrophages infected with E70wt or E70�A238L at a MOI of 5 (PFU/cell), and
their protein concentrations were determined as described above. The extracts
were incubated with a specific antibody against PKC-� (sc-212; Santa Cruz
Biotechnology), or a rabbit or mouse preimmune normal IgG as a negative

control, at a final concentration of 4 �g/ml. The samples were incubated at 4°C
overnight. Protein A/G-Sepharose beads (Sigma-Aldrich) were added, incubated
for 3 h at 4°C, and centrifuged. The beads were washed three times with wash
buffer (50 mM Tris-HCl [pH 8], 150 mM NaCl, 1 mM EDTA, and 0.5% Nonidet
P-40). The immunoprecipitates were mixed with SDS loading buffer and ana-
lyzed by 4 to 15% SDS-PAGE, followed by Western blotting or in vitro kinase
assay.

Solid-phase in vitro phosphorylation kinase assay. We used 2 �g of MBP
(sc-4113; Santa Cruz Biotechnology) or 200 ng of purified recombinant p300
(Active Motif) as the substrate for in vitro phosphorylation, in which immuno-
precipitated PKC-� from ASFV-infected macrophages was assayed. The cells
were lysed in radioimmunoprecipitation assay buffer containing 50 mM Tris-HCl
(pH 7.4), 150 mM NaCl, and 1% Nonidet P-40 and supplemented with phos-
phatase inhibitors (1 mM NaVO3, 10 mM NaF, and 10 mM Na2MoO4) and
protease inhibitors (0.5 mM phenylmethylsulfonyl fluoride, 1 �g of pepstatin, 2
�g of leupeptin, and 2 �g of aprotinin per ml). Cleared extracts were incubated
overnight with 4 �g of specific antibody against PKC-� (sc-212; Santa Cruz
Biotechnology) to immunoprecipitate it. Precipitates were finally resuspended in
kinase buffer containing 20 mM HEPES (pH 7.6), 20 mM MgCl2, 20 mM
�-glycerophosphate, 20 �M ATP, and 1 �Ci of [�-32P]ATP (specific activity,
3,000 Ci/mol) supplemented with phosphatase inhibitors and mixed with the
corresponding substrate. After 30 min at 30°C, the kinase reaction was termi-
nated by washing with TNT buffer containing 20 mM Trizma base (pH 7.5), 200
mM NaCl, and 1% Triton X-100 and supplemented with protease inhibitor
mixture tablets (Roche). Phosphorylated proteins were separated in SDS–12%
PAGE, dried, and developed by autoradiography.

RESULTS

p300 overexpression reverts the A238L-mediated inhibition
of inducible inflammatory mediators. A238L efficiently mod-
ulates the expression of NFAT/NF-�B target genes in different
cell types (28, 29, 31). Regarding this aspect, we have recently
described that A238L inhibits p300 intrinsic activity mediated
by its amino-terminal TAD when ectopically expressed in
Jurkat cells (30). However, the mechanism used by the viral
protein to block the inflammatory response during the viral
infection is not fully described. To further study this molecular
mechanism, Vero cells were cotransfected with wt p300 (pCI-
p300wt) or p300 HAT-defective mutant (pCI-p300�HAT) ex-
pression plasmids, together with different luciferase constructs
under the control of COX-2 and TNF-� human promoter
sequences. Sixteen hours after transfection, cells were infected
either with the parental Ba71Vwt virus or with the Ba71V�
A238L knockout mutant virus (MOI of 5 PFU/cell), as de-
scribed in Materials and Methods, and at 18 h after infection,
luciferase activity was measured in whole-cell extracts. As
shown in Fig. 2A, Ba71Vwt virus, which contains the A238L
gene into its genome, was able to control the induction of
COX-2 (left panel) and TNF-� (right panel) promoters simul-
taneously. However, this was not the case after Ba71V�A238L
virus infection, in which the lack of the A238L gene resulted in
activation of the analyzed promoters. Interestingly, overex-
pression of wt p300, but not overexpression of the p300�HAT-
defective mutant, restores the level of transcription of those
promoters to the levels found in Ba71V�A238L mutant virus-
infected cells, indicating that the inhibitory effect of A238L
during the viral infection involves the transcriptional activation
mediated by the coactivator p300.

To corroborate the results obtained during the infection, we
used Jurkat T cells stably expressing the viral protein (Jurkat-
A238L) or control cells (Jurkat-pcDNA), which were cotrans-
fected with the COX-2 and TNF-� promoter-driven luciferase
constructs, together with the expression plasmids pCI-p300wt
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or pCI-p300�HAT. As expected, after PMA/Ion stimulation,
the results were similar to those obtained in ASFV-infected
Vero cells. As shown in Fig. 2B, A238L was able to inhibit the
COX-2 (left panel) and TNF-� (right panel) reporter con-
structs in resting and stimulated Jurkat-A238L cells, compared
to the expression levels obtained in the Jurkat-pcDNA control
cell line. Moreover, the inhibition induced by the expression of
A238L was reversed by enforced expression of p300, in which
the HAT domain of p300 was required for full reversion of this
inhibition, thus corroborating the results obtained during
ASFV infection.

Taken together, these data indicate that the viral protein
modulates p300-mediated inducible transcription of inflamma-
tory genes both during the viral infection and when ectopically
expressed in a different cell line.

A238L interferes with the recruitment of the transcriptional
initiation complex on COX-2 and TNF-�. To further investi-
gate the mechanism by which A238L accomplishes the p300-
dependent inhibition of COX-2 and TNF-� promoters, we
analyzed the role of the viral protein in the recruitment of the
coactivator p300, the inducible RNA Pol II, and the TFIIB
basal transcription factor in the formation of an inducible
transcriptional complex, also known as the enhanceosome

(51), necessary for the complete transcriptional activation of
the proinflammatory genes for COX-2 (16) and TNF-� (20).
To achieve this, we performed DNA-protein binding experi-
ments using biotinylated double-strand DNA probes corre-
sponding to all the NFAT-, NF-�B-, or AP-1-responsive ele-
ments present in COX-2 and TNF-� human promoter
sequences activated in competent cells, such as Jurkat human
T cells. Probes were incubated with nuclear extracts from Ju-
rkat-pcDNA or Jurkat-A238L cells treated with PMA/Ion or
untreated, and the complex was pulled down with streptavidin-
agarose beads, as described in Materials and Methods. Finally,
the proteins in the complex were analyzed by Western blotting
using specific antibodies against p300, RNA Pol II, and TFIIB.
As shown in Fig. 3A, A238L strongly displaced the binding of
p300 to the distal and proximal NFAT and NF-�B probes,
especially from the distal NFAT probe, one of the most im-
portant enhancer elements in the COX-2 promoter regulation
in T cells (35). In addition, RNA Pol II was recruited to both
the distal and the proximal NFAT enhancer elements and, to
a lesser degree, to the distal and proximal NF-�B sites, and it
was displaced by the presence of the viral protein. As expected,
TFIIB maintained the binding baseline levels in all the probes
assayed and all experimental conditions, being unaffected by
the presence of A238L. Concerning the TNF-� promoter, p300
binding to the NF-�B (�1), the (	157)NFAT, and the com-
posite CRE/�3 response elements was higher after stimulation
of Jurkat cells, and more importantly, the presence of A238L
destabilized the formation of the enhanceosome, diminishing
dramatically the recruitment of the coactivator from these
three probes (Fig. 3B). Moreover, inducible RNA Pol II was
found preferentially bound to the (	157)NFAT and CRE/�3
regulatory elements, essential enhancers in the modulation of
the TNF-� promoter during a viral infection (20, 21), and it
was strongly displaced from these probes in the presence of the
A238L protein. In the case of the NF-�B (�1) probe, RNA Pol
II was correctly recruited, probably due to the activity of other
coactivators, such as CBP, which is able to perform its function
regardless of p300 (13, 20). In parallel to the results obtained
for the COX-2 promoter, basal transcription factor TFIIB was
not displaced by A238L from the analyzed probes.

Taken together, these data demonstrate that A238L is able
to destabilize the formation of the enhanceosome through
blocking the binding of p300 to the NFAT, NFAT/AP-1, NF-
�B, and/or composite elements, such as TNF-� CRE/�3, and
then preventing the recruitment of the RNA Pol II, which is
essential for the complete transcriptional activation of COX-2
and TNF-� promoters.

The p300 amino-terminal TAD is inhibited during ASFV
infection. Since we have previously demonstrated that ectopi-
cally expressed A238L inhibits p300-mediated transactivation
in T cells (30), we further planned to delineate the p300 region,
through which A238L performs its inhibitory function in vivo,
in order to more accurately analyze the biological role of the
p300-mediated mechanism used by ASFV to evade the inflam-
matory response. To achieve this, we used different GAL4-
p300 constructs containing the DNA binding domain of the
GAL4 yeast transcriptional factor fused to the following
p300 regions: the full-length sequence of p300 [named
GAL4-p300(FL)]; the carboxyl-terminal half of p300
[named GAL4-p300(1239-2414)]; and the amino-terminal

FIG. 2. Effect of p300 overexpression in the transcriptional activa-
tion of COX-2 and TNF-� promoters. (A) Vero cells were transfected
with COX-2 (left panel) or TNF-� (right panel) promoter reporter
plasmids (250 ng/106 cells), together with pCI-p300wt or p300 HAT
deletion mutant (pCI-p300�HAT) expression plasmids (1 �g/106

cells). Sixteen hours after transfection, the cells were mock infected
(	) or infected (�) with the Vero-adapted isolate Ba71Vwt or
Ba71V�A238L at a MOI of 5 PFU/cell. Whole-cell extracts were
prepared at 24 hpi and assayed for luciferase activity. Extracts were
normalized to Renilla luciferase activity as described in Materials and
Methods. RLU per �g of protein from triplicate transfections
(means 
 standard deviations) are shown. (B) Jurkat-pcDNA or Jur-
kat-A238L cells were transiently transfected with COX-2 (left panel)
or TNF-� (right panel) promoter reporter plasmids (250 ng/106 cells),
together with pCI-p300wt or p300 HAT deletion mutant (pCI-p300�
HAT) expression plasmids (1 �g/106 cells). Sixteen hours after trans-
fection, the cells were cultured in the absence (	) or presence (�) of
15 ng/ml of PMA plus 1 �M Ion (PMA/Ion) during 4 h and assayed for
luciferase activity. Extracts were normalized to Renilla luciferase ac-
tivity as described in Materials and Methods. Results from triplicate
assays are shown in RLU per �g of protein (means 
 standard devi-
ations).
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transactivation region, containing the CH1 and KIX regu-
latory domains [named GAL4-p300(192-703)]. First, Vero
cells were cotransfected with the GAL4-luc reporter plas-
mid together with the indicated GAL4-p300 constructs. Six-
teen hours after transfection, the cells were mock infected (0
h) or infected with the parental virus Ba71Vwt or with the
deletion mutant Ba71V�A238L, as described in Materials and
Methods. We also added PMA as an inducer, to demonstrate
that each of the constructs transfected are transcriptionally
active during the infection and that the observed inhibition of
the activity is due to the expression of A238L during the in-
fection with the wt virus. At the indicated times after infection,
whole-cell extracts were prepared and luciferase activity was
measured. As shown in Fig. 4, the infection with the defective
mutant Ba71V�A238L increased the transcriptional activity of
the GAL4-p300(FL) construct (Fig. 4A) and the activity me-
diated by the CH1/KIX region [GAL4-p300(192-703)] (Fig.
4B), without altering the transcriptional activity of the carboxyl-
terminal half [GAL4-p300(1239-2414)] (Fig. 4C) of the coac-
tivator. In contrast, the viral infection using the Ba71Vwt virus
did not produce a significant change in the transactivation
activity of all GAL4-p300 constructs assayed, which main-
tained their activity at baseline. This indicates that the A238L
protein, expressed by the parental Ba71V virus, but not by the
deletion mutant, is able to control the transcriptional activity of
p300 during the viral infection, interfering specifically with the
transcriptional activity of the CH1 and KIX domains located in
the amino-terminal TAD of p300, since the activation of the
constructions containing the CH1 and KIX regulatory domains
[GAL4-p300(192-703)] is strongly upregulated during the in-
fection with the Ba71V�A238L mutant, where the viral pro-
tein is not expressed.

The CH1 and KIX regulatory domains of p300 are essential
for A238L-mediated inhibition of proinflammatory gene pro-
moters. Once it was demonstrated that A238L blocks the tran-
scriptional activity mediated by the amino-terminal TAD of
p300, we further determined if this mechanism was responsible
for the A238L-mediated inhibition of COX-2 and TNF-� pro-
moters after ASFV infection. It has been previously shown that
the CH1 and KIX domains, located in the amino-terminal
region of p300, are essential in the enhancement of the tran-
scriptional activity of NFAT, NF-�B, and c-Jun (56, 58). This
suggests that the virus might exploit A238L to specifically in-
hibit these regulatory domains of p300, thus controlling COX-2
and TNF-� expression throughout the infection. To analyze
this hypothesis, Vero cells were cotransfected with TNF-� and
COX-2 reporter constructs, together with the expression plas-
mids pCMV (vector alone), pCMV-p300(�CH1), or pCMV-
p300(�CH2), and afterwards the cells were mock infected or
infected with Ba71Vwt or Ba71V�A238L viruses at 5 PFU/
cell. At the indicated postinfection times, luciferase activity
was measured. When empty pCMV plasmid was cotransfected,
infection with the defective Ba71V�A238L virus induced
COX-2 (Fig. 5A, left panel) and TNF-� (Fig. 5B, left panel)
promoter activities after 6 hpi. However, this effect was not
observed when Ba71Vwt was used, as expected since the
A238L gene is expressed during the parental virus infection.
Next, we found that overexpression of p300�CH1 was unable
to reverse the inhibition induced by A238L throughout
Ba71Vwt viral infection (Fig. 5A and B, middle panels). In
contrast, the construction lacking the p300 carboxyl-terminal
regulatory domain CH2 (p300�CH2), but expressing the CH1
domain, completely restored the expression of the luciferase
reporter analyzed in Ba71Vwt-infected cells (Fig. 5A and B,

FIG. 3. A238L inhibits the transcriptional initiation complex recruitment to the enhancer elements located in COX-2 and TNF-�. Nuclear
extracts from Jurkat-pcDNA and Jurkat-A238L cells untreated (	) or treated (�) with 15 ng/ml of PMA plus 1 �M Ion (PMA/Ion) for 4 h were
incubated with the indicated biotinylated probes. (A) Distal and proximal NFAT binding sites (d-NFAT and p-NFAT) and distal and proximal
NF-�B binding sites (d-NF�B and p-NF�B) from the COX-2 promoter. (B) �1 and �2 NF-�B binding sites, the (	157)NFAT binding site, and
the composite element CRE/�3 from the TNF-� promoter. The complexes were pulled down with streptavidin-agarose beads, as described in
Materials and Methods. After extensive washing, proteins in the complexes were analyzed by Western blotting using antibodies against p300, RNA
Pol II, or TFIIB. Inputs were also included to show the presence of the analyzed proteins in the nuclear protein extracts. A control probe was
included to rule out unspecific binding of the analyzed proteins (data not shown).
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right panels), thus counteracting the A238L-mediated inhibi-
tion on such COX-2 and TNF-� promoters, restoring the levels
detected during the infection with Ba71V�A238L. Therefore,
these data indicate that the CH1 regulatory region, located in
the amino-terminal TAD of p300, is essential for the control of
the proinflammatory gene promoters mediated by the viral
protein A238L during ASFV infection.

Serine 384 within the CH1 domain of p300 is essential in the
A238L-mediated inhibition of the host inducible transcription.
After demonstrating that the CH1 and KIX regulatory do-
mains seem to be essential in the inhibition executed by
Ba71wt virus on the transcriptional enhancement of COX-2
and TNF-� promoters, we further analyzed the molecular
mechanism underlying A238L-mediated inhibition, dissecting
the specific p300 regulatory domain affected by the viral pro-
tein. Since we have very recently shown that the phosphoryla-
tion of serine 384 is essential in the regulation of the amino-
terminal TAD activity of p300 (30), we hypothesized that this
residue might play an important role in the modulation carried

out by the ASFV Ba71Vwt on the activity of the p300-induced
promoters, COX-2 and TNF-�. To address this point, we sep-
arately cotransfected Vero cells with TNF-� and COX-2 pro-
moter activity reporter constructs, together with the expression
plasmids pCMV, pCMV-GAL4-p300wt, or pCMV-GAL4-
p300(S384A). As shown above, wt virus Ba71V retains COX-2
(Fig. 6A, top panel) and TNF-� (Fig. 6B, top panel) promoter
activities at baseline when control pCMV empty plasmid was
cotransfected, whereas, as expected, infection with Ba71V�
A238L strongly induced the transcriptional activation of both
of the promoters studied. Interestingly, overexpression of wt
p300 reversed the inhibition induced by A238L during the viral
infection (Fig. 6A and B, mid-top panels) but overexpression
of the p300(S384A) mutant was not only unable to augment
the activity of the analyzed promoters during parental Ba71V
viral infection but also dramatically diminished the induction
of the analyzed promoters during the infection with Ba71V�
A238L (Fig. 6A and B, mid-bottom panels), confirming that
this residue is absolutely required for p300-mediated induction
of COX-2 and TNF-� promoters. Since an accumulative effect
in the inhibition mediated by the p300(S384A) mutant and
A238L was not observed, it can be proposed that A238L might
block the phosphorylation of serine 384, thus supporting the
hypothesis that involves this serine in the A238L-mediated
inhibition. To further confirm this hypothesis, we generated
mutant constructs of p300 in which serine 384 has been sub-
stituted by aspartic acid, which is a phosphoserine mimicking
substitution that can produce constitutively active mutants
(37). The S384D mutant construct was then used in experi-
ments similar to those described above, showing that in ASFV-
infected Vero cells, the ectopic expression of the S384D mu-
tant construct not only reversed the inhibition induced by the
A238L protein (expressed during the Ba71Vwt virus infection)
on the activity of the COX-2 (Fig. 6A, bottom panel) and
TNF-� (Fig. 6B, bottom panel) promoters, but it also induced
a stronger activation of these promoters. Taken together, these

FIG. 4. A238L inhibits p300 transactivation in ASFV-infected
Vero cells. Vero cells were cotransfected with the reporter plasmid
GAL4-luc (250 ng/106 cells) and with the following GAL4-fused mu-
tant constructs of p300, at a final concentration of 250 ng/106 cells:
panel A, full-length p300 [GAL4-p300(FL)]; panel B, mutant p300
construct encoding amino acids from 192 to 703 [GAL4-p300(192-
703)]; and panel C, mutant p300 construct encoding amino acids from
1239 to 2414 [GAL4-p300(1239-2414)]. Sixteen hours after transfec-
tion, Vero cells were infected with Ba71Vwt or Ba71V�A238L at a
MOI of 5 PFU/cell. A sample was infected and also activated with 15
ng/ml of PMA, to check the functionality of the constructs assayed. At
the indicated poststimulation times, whole-cell extracts were prepared
and luciferase activity was assayed. Extracts were normalized to Renilla
luciferase activity as described in Materials and Methods. RLU per �g
of protein from triplicate transfections (means 
 standard deviations)
are shown.

FIG. 5. CH1 and KIX domains of p300 are required in the A238L-
mediated inhibition of COX-2 and TNF-� gene expression. Vero cells
were transiently cotransfected with COX-2 (A) or TNF-� (B) pro-
moter reporter plasmids (250 ng/106 cells) as indicated in the figure,
together with pCMV-p300(�CH1) or pCMV-p300(�CH2) deletion
mutant expression plasmids (1 �g/106 cells). Sixteen hours after trans-
fection, Vero cells were infected with Ba71Vwt or Ba71V�A238L at a
MOI of 5 PFU/cell. At the indicated postinfection times, whole-cell
extracts were prepared and luciferase activity was assayed. Extracts
were normalized to Renilla luciferase activity as described in Materials
and Methods. RLU per �g of protein from triplicate transfections
(means 
 standard deviations) are shown.
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results not only indicate that the amino-terminal TAD of p300
is responsible for the activation of these proinflammatory pro-
moters but also indicate the involvement in this activation of
serine 384, located within this domain.

p300 amino-terminal serine 384 role on the endogenous
COX-2 and TNF-� mRNA expression and p300 transactiva-
tion inhibited by A238L during the ASFV infection. Consider-
ing the importance of the mechanism by which A238L regu-
lates COX-2 and TNF-� promoters through the serine 384 of
p300 during ASFV infection, we further explored the conse-
quence of this regulatory mechanism on the inflammatory gene
expression in vivo in ASFV-infected cells. To address this
point, we transfected Vero cells with plasmids encoding the
different point mutant full-length p300 expression vectors:
p300wt, the p300(S384A) mutant, the p300(S384D) mutant,
and empty pCMV as a control. Sixteen hours after transfec-
tion, the cells were infected with Ba71Vwt or Ba71V�A238L
viruses, and at the indicated postinfection times, total RNA
was isolated and analyzed by reverse transcriptase PCR to
measure COX-2 and TNF-� mRNA levels, as described in
Materials and Methods. Figure 7 shows the expression of spe-
cific mRNA for endogenous COX-2 and TNF-�, demonstrat-
ing that in cells transfected with the control plasmid pCMV,
the absence of A238L during the infection when the deletion
mutant Ba71V�A238L is used allowed the expression of both
COX-2 and TNF-� at 6 and 18 hpi (Fig. 7, far left panel). In
contrast, when wt Ba71V was used, the presence of A238L
during the infection clearly downregulated the expression of
both inflammatory molecules. Not only that, but in agreement
with the data shown above, p300wt expression reverted the
A238L-induced inhibition for both COX-2 and TNF-� (Fig. 7,
mid-left panel). More interestingly, we found higher levels of
COX-2 and TNF-� transcripts in infected cells expressing the
construction p300(S384D), whereas in cells transfected with
the p300(S384A) construct, COX-2 and TNF-� mRNA levels
were clearly diminished after infection with either Ba71Vwt or
Ba71V�A238L viruses (Fig. 7, mid-right and far right panels,
respectively). These results demonstrate that the molecular

FIG. 6. Serine 384 within the CH1 regulatory domain of p300 is
essential in the A238L-mediated inhibition of the transcription of
proinflammatory genes. Vero cells were transiently cotransfected with
COX-2 (A) or TNF-� (B) promoter reporter plasmids (250 ng/106

cells) as indicated in the figure, together with pCMV-GAL4-p300wt or
the mutant pCMV-GAL4-p300(S384A) or pCMV-GAL4-p300
(S384D) expression plasmids (1 �g/106 cells). Sixteen hours after trans-
fection, Vero cells were infected with Ba71Vwt or Ba71V�A238L at a
MOI of 5 PFU/cell. At the indicated postinfection times, whole-cell
extracts were prepared and luciferase activity was assayed. Extracts
were normalized to Renilla luciferase activity as described in Materials
and Methods. RLU per �g of protein from triplicate transfections
(means 
 standard deviations) are shown.

FIG. 7. p300 amino-terminal serine 384 role on the endogenous COX-2 and TNF-� mRNA expression inhibited by A238L during the ASFV
infection. Vero cells were transfected with the different full-length p300 expression vectors: mid-left panel, p300wt; mid-right panel, p300(S384A)
mutant; far right panel, p300(S384D) mutant; and far left panel, empty pCMV as a control. Sixteen hours after the transfection, the cells were
infected with Ba71Vwt or Ba71V�A238L viruses, and at the indicated postinfection times, total RNA was isolated and analyzed by reverse
transcriptase PCR to measure COX-2 and TNF-� mRNA levels. A control using oligonucleotides for �-actin was included to rule out differences
in PCR amplification. A control of viral p72 (capsid protein) and A238L were also used to rule out differences in the infectivity (data not shown).
Amplified DNA was separated on agarose gels. The densitometric analysis shows the ratio between amplified COX-2 or TNF-� mRNA and the
�-actin loading control present in each sample, from three independent experiments (means 
 standard deviations).
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mechanism by which ASFV modulates the endogenous expres-
sion of the inflammatory response in the infected cell relies on
the viral protein A238L through the control of serine 384 from
p300, as might be expected from the data obtained above using
reporter assays to analyze the activity of the promoters of the
specific genes studied.

Next, and due to the important role observed for serine 384
in the control of p300 function and expression of COX-2 and
TNF-�, and in an attempt to explore the contribution of this
residue in the intrinsic transactivation ability of p300 modu-
lated by ASFV, we analyzed the transcriptional activity during
the viral infection of both the full-length [GAL4-p300(FL)]
and amino-terminal [GAL4-p300(192-703)] constructs in their
wt version and serine 384-to-alanine or -aspartic acid substitu-
tion mutant versions. Figure 8 shows that the S384A mutation
abrogates the transcriptional activity induced during the infec-
tion with Ba71Vwt and Ba71V�A238L viruses for both p300
full-length (Fig. 8A) and amino-terminal TAD (Fig. 8B) con-
structs (center panels), compared with the results obtained
with the p300wt construct (Fig. 8A and B, left panels). More-
over, we could demonstrate that the transactivation of both the
full-length and amino-terminal TAD constructs of p300, in-
duced by ASFV infection in the presence of the p300(S384D)
mutant construct, not only reached similar levels to those ob-
served by the wt version of p300 after infection with Ba71Vwt
and Ba71V�A238L but also completely recovered the inhibi-
tory effect induced by the presence of A238L upon infection
with Ba71Vwt (Fig. 8A and B, right panels), indicating that the
regulatory mechanism induced by ASFV through the expres-
sion of A238L is abolished when the constitutively active, ar-
tificial phosphorylated version of serine 384 (S384D) is present
during the infection.

Taken together, these data demonstrate that the phosphor-

ylation of serine 384 is an essential step in the intrinsic activa-
tion of p300 during the ASFV infection. Therefore, the viral
protein is directly interfering with the transcriptional activity of
the CH1 and KIX domains included in the amino-terminal
TAD of p300, by a mechanism that involves signaling through
the phosphorylation of the serine 384, thus likely controlling
the proinflammatory gene expression pattern in the host cell.

PKC-� reverses the inhibitory effect of A238L on the tran-
scriptional activation of COX-2 and TNF-� promoters. Tran-
scriptional activation and repression of p300 is regulated by
phosphorylation by many different kinases, with PKC-� being a
fundamental member for p300 activity enhancement (30). Al-
though the relevance of this kinase has not been addressed in
Vero cells, we next explored whether PKC-� might be involved
in the molecular mechanism by which the viral protein controls
simultaneously the activity of COX-2 and TNF-� promoters,
by interfering with the phosphorylation of serine 384 located in
the amino terminal of p300. For this, we performed experi-
ments similar to those described above, using ASFV-infected
Vero cells, in which we analyzed the activity of the COX-2 and
TNF-� promoter-driven reporter constructs, when cotrans-
fected together with either pEF vector alone (Fig. 9, left pan-
els) or an expression plasmid for PKC-�, either in the wt (Fig.
9, middle panels) or in a constitutively active version [PKC-
�(A/E)] (Fig. 9, right panels), which has been shown to be
required for full function of this kinase when ectopically over-
expressed in vitro (55). The expression of active PKC-�(A/E)
completely reverted the inhibitory effect of the viral protein on
the transcriptional activity of the COX-2 (Fig. 9A) and TNF-�
(Fig. 9B) promoters observed in Vero cells infected with the
BA71Vwt virus, which is able to control the activity of those
promoters due to the expression of A238L during the infec-
tion. However, the enforced expression of the activated kinase
PKC-�(A/E) (Fig. 9A and B, right panels) completely restored
the transcription of the three analyzed promoters to the levels
observed in the control Vero cells infected with Ba71V�

FIG. 8. Mutation of p300 serine 384 to alanine results in a domi-
nant negative, whereas mutation of serine 384 to aspartic acid results
in a constitutively active version of the amino-terminal TAD of p300.
Vero cells were cotransfected with the reporter plasmid GAL4-luc
(250 ng/106 cells) and with the following GAL4-fused mutant con-
structs of p300, at a final concentration of 250 ng/106 cells: GAL4-
p300wt and the S384A mutant or S384D mutant, in both the full-length
(A) and amino-terminal [GAL4-p300(192-703)] (B) constructs, as in-
dicated in the figure. Sixteen hours after transfection, Vero cells were
infected with Ba71Vwt or Ba71V�A238L at a MOI of 5 PFU/cell. At
the indicated postinfection times, whole-cell extracts were prepared
and luciferase activity was assayed. Extracts were normalized to Renilla
luciferase activity as described in Materials and Methods. RLU per �g
of protein from triplicate transfections (means 
 standard deviations)
are shown.

FIG. 9. PKC-� overexpression recovers the normal expression lev-
els of COX-2 and TNF-� inhibited by A238L. Vero cells were tran-
siently cotransfected with COX-2 (A) or TNF-� (B) promoter reporter
plasmids (250 ng/106 cells) as indicated in the figure, together with
pEF-PKC-�(wt) or the constitutively active mutant pEF-PKC-�(A/E)
expression plasmids (1 �g/106 cells). Sixteen hours after transfection,
Vero cells were infected with Ba71Vwt or Ba71V�A238L at a MOI of
5 PFU/cell. At the indicated postinfection times, whole-cell extracts
were prepared and luciferase activity was assayed. Extracts were nor-
malized to Renilla luciferase activity as described in Materials and
Methods. RLU per �g of protein from triplicate transfections
(means 
 standard deviations) are shown.

976 GRANJA ET AL. J. VIROL.



A238L, which is unable to control the transcriptional activation
of these promoters, due to the lack of the A238L gene, when
pEF vector alone (Fig. 9A and B, left panels) or wt PKC-� (Fig.
9A and B, middle panels) were overexpressed.

These data indicate that PKC-� plays a key role in the
activation of COX-2 and TNF-� promoters during the ASFV
infection and strongly suggest the involvement of this kinase in
the specific pathway targeted by the viral protein A238L to
counteract the host cell antiviral inflammatory response during
the infection.

A238L interferes with the association between the ASFV-
induced PKC-� and the amino-terminal region of p300. To
further explore the role of PKC-� in ASFV infection, we first
investigated the expression and activity of PKC-� during the
ASFV infection of porcine alveolar primary macrophages, the
natural target cell of the virus. Nuclear extracts from macro-
phages infected with either the virulent parental E70wt isolate
or the deletion mutant lacking the A238L gene (E70�A238L)
were prepared. PKC-� was immunoprecipitated from those
extracts and used in an in vitro kinase assay, using as substrates
either purified p300 or purified MBP. The results (Fig. 10A)
showed that ASFV infection induces PKC-� translocation after
24 hpi, an event apparently not regulated by A238L, since the
presence of the protein (infection with E70wt) does not cor-
relate with any change of the nuclear location of the kinase
compared to that observed with the A238L-defective mutant
virus infection. In parallel, the presence or absence of the viral
protein does not affect the level of kinase activity; similar levels
were displayed in all the samples analyzed. To determine
whether the molecular mechanism by which A238L performs
its inhibitory function during ASFV infection involves a link
between the amino-terminal domain of p300 and PKC-�, we

used two different GAL4-p300 constructs containing the
GAL4 DNA binding domain fused to the full-length sequence
of p300 [GAL4-p300(FL)] or fused to the amino-terminal
transactivation region, containing the CH1 and KIX regulatory
domains [GAL4-p300(192-703)]. After transfecting these con-
structs, cells were mock infected or infected during 24 h with
either E70wt or E70�A238L viruses. Nuclear extracts were
prepared, and PKC-� was immunoprecipitated. The precipi-
tates were analyzed by Western blotting using an anti-GAL4
antibody to detect the levels of PKC-� associated with either
the full-length p300 protein (Fig. 10B, left panel) or its amino-
terminal TAD [GAL4-p300(192-703)] (Fig. 10B, right panel).
The results clearly showed the absence of the band corre-
sponding to GAL4-p300 in macrophages infected with the pa-
rental E70 virus, which efficiently express the viral protein
(data not shown). However, the absence of A238L during the
infection with the deletion mutant E70�A238L correlates with
the presence of a band corresponding with both of the p300
constructions assayed, demonstrating that A238L mediates the
impairment of the association between the coimmunoprecipi-
tated PKC-� and both GAL4-p300(FL) and GAL4-p300(192-
703).

DISCUSSION

Since the CBP/p300 family of coactivators plays a pivotal
role in the regulation of the cell gene expression pattern (34,
53), it would be predicted that several viral proteins, such as
adenoviral E1A (41), SV40 T large antigen (18), E6 and E7
proteins from HPV (6, 46), or Tax protein from HTLV-1 (38),
might target the CBP/p300 activation pathway to block the host
defensive response. Previously, we have reported that the

FIG. 10. A238L interferes with the association between PKC-� and the amino-terminal region of p300 in ASFV-infected macrophages.
(A) Porcine alveolar primary macrophages were mock infected or infected for 24 h with E70wt or E70�A238L, at a MOI of 5 PFU/cell. Then,
nuclear extracts were prepared and used for immunoprecipitation (IP) with 4 �g of rabbit polyclonal specific antibody against PKC-� or rabbit
preimmune normal IgG as a negative control of immunoprecipitation. Immunoprecipitated PKC-� was used in an in vitro kinase assay, using as
substrate either purified p300 or purified MBP. Proteins were separated by SDS–8% PAGE and developed by autoradiography. Densitometric
analysis shows the ratio between phosphorylated [32P]p300 and immunoprecipitated PKC-�, from three independent experiments (means 

standard deviations). (B) Porcine alveolar macrophages were transfected with either the GAL4-p300(FL) expression plasmid (left panels) or the
GAL4-p300(192-703) mutant expression plasmid (right panels). Twenty-four hours later, the cells were mock infected or infected for 24 h with
E70wt or E70�A238L, at a MOI of 5 PFU/cell. Then, nuclear extracts were prepared and immunoprecipitated with 4 �g of rabbit polyclonal
specific antibody against PKC-� or rabbit preimmune normal IgG as a negative control of immunoprecipitation. Immunoprecipitates were analyzed
by Western blotting (WB) with the same antibody (�PKC�) to determine the levels of the kinase in the precipitate and with an anti-GAL4 antibody
(�GAL4) to detect the levels of PKC associated with p300(FL) (left panels) or p300(192-703) (right panels). The densitometric analysis shows the
ratio between coimmunoprecipitated PKC and total GAL4-p300 present in the precipitate, from three independent experiments (means 

standard deviations).
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ASFV protein A238L plays a critical role in mediating inhibi-
tion of functional NFAT, NF-�B, and AP-1 response elements
in the promoters of several proinflammatory molecules (28, 29,
31). In addition, we have very recently shown the A238L-
mediated inhibition of the activity of the amino-terminal TAD
of p300 through interference of PKC-� phosphorylation in
Jurkat T cells (30). CBP/p300 are essential during the initiation
of the inflammatory response mediated by T lymphocytes and
macrophages, promoting the expression of several immuno-
regulators, such as TNF-� (54) and COX-2 (16). Our present
results show the blockade of the transcriptional activation of
COX-2 and TNF-� proinflammatory gene promoters during
ASFV infection and show that the viral protein A238L in
ASFV-infected Vero cells mediates this blockade. Interest-
ingly, this inhibition was reverted by p300 overexpression, thus
suggesting that A238L likely uses a unique p300-dependent
mechanism to block the establishment of an effective host
proinflammatory response. In fact, a HAT activity-defective
mutant of p300 was unable to recover the activity of any of the
promoters assayed which were inhibited by the viral protein,
therefore indicating that the inhibitory effect displayed by
A238L specifically affects the p300 coactivator function and
not the acetyltransferase activity.

p300 also plays a crucial role in the formation of transcrip-
tional initiation complexes on specific promoters (8), interact-
ing with members of the basal transcriptional machinery, in-
cluding the TATA binding protein and associated factors such
as TFIIB (39), and with the RNA Pol II holoenzyme (11).
Regarding this aspect, our data show that the presence of the
viral protein destabilized the formation of enhanceosomes on
the TNF-� and COX-2 promoters, by displacing the recruit-
ment of p300 from transcription factors bound to DNA probes
similar to the NFAT, NF-�B and AP-1 binding sites present in
these promoters, thus inhibiting the recruitment of the induc-
ible RNA polymerase (RNA Pol II), a critical step in the
p300-mediated initiation of gene expression. The most impor-
tant alterations in the transcriptional complex were observed in
the binding of the transcriptional coactivator to the NFAT
probes of the COX-2 promoter and also in the (	157)NFAT
and composite CRE/�3 probes in the TNF-� promoter, indi-
cating that A238L exploits a common mechanism to destabilize
the enhanceosome but also that the viral protein is altering
each transcriptional complex in different ways, therefore pre-
venting the binding of p300 to the main inducible enhancers in
each case. These results prompted us to assume the possibility
of A238L directly blocking the transcriptional activity of p300
during the viral infection. In connection to this, our data here
showed not only that the viral protein holds at baseline the
transactivation mediated by p300 during the viral infection but
also that this inhibition is carried out through the CH1 and
KIX regulatory regions, located within the amino-terminal
TAD of the coactivator, whose activity was blocked by A238L
without altering the activity of the carboxyl-terminal TAD. It
has been previously demonstrated that other viral proteins,
such as adenoviral E1A, SV40 T large antigen, E6 and E7 from
HPV, and HTLV-1 Tax protein, inhibit CBP and/or p300 func-
tion by interacting with their carboxyl-terminal region, where
these viral products preferentially prevent CBP/p300 binding
to CH3-interacting transcription factors, such as p53 or E2F,
thus promoting the malignant transformation of the infected

cells (10, 18, 46). In contrast, A238L inhibits the functionality
of the amino-terminal TAD without altering carboxyl-terminal
activity, showing for the first time to our knowledge that a viral
protein that controls the amino-terminal transactivation of
p300 generates an immunosuppressive effect during the viral
infection.

Since we have very recently demonstrated that serine 384
seems to be essential in the full activation of the amino termi-
nal of p300 in Jurkat cells (30), and to further explore the
molecular basis of this regulatory viral mechanism during the
viral infection, we generated site-directed mutant constructs in
which serine 384 was substituted to alanine or aspartic acid, in
both the full-length and amino-terminal versions of p300, to
investigate whether the signaling pathway involving this resi-
due was being interfered with by A238L to downregulate the
host inflammatory response. Aspartic acid and alanine are
generally accepted as standard substitutions of serine to mimic
the phosphorylated and nonphosphorylated states, respectively
(37). By using these constructs, we could demonstrate that the
serine in position 384, or a form that mimics a phosphorylated
state of p300 in this residue, is needed to revert the A238L-
mediated inhibition on the activity of the analyzed inflamma-
tory gene promoters. This could represent a new signaling
pathway through which p300 integrates different stimulus-as-
sociated signals and triggers a proinflammatory gene expres-
sion pattern. In connection to this, we demonstrated that the
transcriptional activity of p300 was completely abrogated when
serine 384 was substituted to alanine, whereas substitution by
aspartic acid resulted in a dramatically increased p300 activity
during the infection. Interestingly, and partially explaining the
link between the viral protein function and serine 384, we
showed that A238L was unable to inhibit the transcriptional
activity of the aspartic mutant construct during the viral infec-
tion, thus connecting the importance of this residue in the
establishment of an adequate p300-mediated proinflammatory
response to the fact that the virus exploits this pathway to
evade the host response during the viral infection. We present
evidence here that this is indeed the case with data obtained
during the infection, which demonstrate that COX-2 and
TNF-� endogenous mRNAs are inhibited during ASFV infec-
tion by the presence of the viral protein and that this inhibition
is further reverted by the overexpression of both p300 and p300
(S384D) but not by p300(S384A).

The transactivation mediated by the coactivator p300 is ac-
curately regulated by posttranslational modifications (14, 26,
52, 57), with phosphorylation being one of the most important
regulation signals, since the activity of CBP/p300 is controlled
by different kinases, such as mitogen-activated protein kinases,
protein kinase A, Akt, IKK-�, and PKC-� (1, 12, 40, 47, 59).
Although the functional effect of the kinases involved in p300
transactivation is known, the precise phosphorylation sites and
the molecular mechanisms underlying this regulation by phos-
phorylation remain unclear. Different external signals from the
environment trigger specific signaling cascades that will shape
the p300/CBP activation pattern. We state here the relevance
of PKC-� in the activation of the amino-terminal domain of
p300 via phosphorylation of the residue serine 384. We think
that this mechanism is part of a complex signaling network
regulating p300 under pathological conditions, such as viral
infection, and represents a very important step in the activation
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of an antiviral innate immune response, coordinated by p300
and, as we show here, blocked by the viral product A238L.

In relation to that, we have very recently demonstrated that
PKC-� upregulates the activity of p300 in stimulated T-cell
lymphoma (30), and this prompted us to hypothesize that
A238L may be blocking the host cell inflammatory response by
interfering with the PKC-� signaling on p300 during ASFV
infection in susceptible cells. Here we described that the viral
protein blocks the accessibility of PKC-� to its target in p300,
the serine 384, likely by binding to p300, in a region containing
the serine 384, which probably remains hidden in the presence
of the viral protein. In addition to this, we demonstrated that
expression of a constitutively active form of PKC-� completely
recovers the activity of the COX-2 and TNF-� promoters,
which was inhibited by A238L in ASFV-infected Vero cells.
Furthermore, PKC-� was immunoprecipitated from porcine
primary macrophages, which constitute the natural target of
the ASFV in vivo, after infections with both E70wt and
E70�A238L and was used in in vitro kinase assays. Interest-
ingly, PKC-� activity is not affected by ASFV infection, main-
taining its activity during the course of both infections, thus
suggesting that A238L is not affecting the enzymatic activity of
the kinase. Not only that, but we also present evidence to
assess that the presence of the viral protein impairs the asso-
ciation of PKC-� and the amino-terminal “(192-703)” region of
p300, thus blocking the amino-terminal transactivation activity
of p300 in porcine macrophages infected with a virulent strain
of ASFV.

In conclusion, these data demonstrate the complex molecu-
lar mechanism accomplished by the viral protein A238L to
counteract the host cell inflammatory response. Since we pre-
viously reported that A238L interacts with the amino-terminal
TAD of p300, blocking the access of PKC-� to this domain, and
since we demonstrate here that the proinflammatory gene pro-
moters of COX-2 and TNF-� need a PKC-�-mediated activa-
tion of p300 to reach their optimum level of expression, which
is interfered with by the viral protein, we can conclude that the
interference carried out by A238L on this signaling pathway is
responsible for the blockage on the host cell inflammatory
antiviral response. Importantly, the analysis of the inhibitory
mechanism executed by A238L revealed a new checkpoint
involved in the regulation of the activity of the p300 amino-
terminal TAD that involves serine 384, which in turn controls
the activity of the main transcriptional factors responsible for
the triggering of an adequate signal-induced antiviral response.

This can lead us to further analyze, in the near future,
different signaling pathways involved in the transcription of
inflammatory and immunoregulatory genes controlled by CBP
and p300 coactivators, which could be important both in the
antiviral host cell inflammatory response and in related pathol-
ogies.
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