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A number of mutations, including deletions, linker scan substitutions, and point mutations, were performed
in the promoter of the late African swine fever virus (ASFV) gene coding for the capsid protein p72. The
consequences of the mutations in terms of promoter activity were analyzed by luciferase assays using plasmids
transfected into infected cells. The results showed that the promoter function is contained between nucleotides
—36 and +5 relative to the transcription initiation site. Moreover, two major essential regions for promoter
activity, centered at positions —13 and +3, were located along the 41-bp sequence, the latter mapping in the
transcription start site. Sequence alignment with other ASFV late promoters showed homology in the region
of transcriptional initiation, where the presence of the sequence TATA was observed in most of the promoters.
Substitution of these four residues in three other late viral promoters strongly reduced their respective
activities. These results show that cis-acting control elements of ASFV p72 gene transcription are restricted to
a short sequence of about 40 bp and suggest that transcription of late genes is initiated around a TATA
sequence that would function as an initiator element.

African swine fever virus (ASFV) is a large enveloped virus
with icosahedral morphology whose genome is a double-
stranded DNA molecule of about 170 kbp. Although the early
events in the replication of the viral DNA occur in the nucleus
of the host cells (17), ASFV is mainly a cytoplasmic virus.
Virion assembly takes place in discrete cytoplasmic areas
called viral factories, where the virus becomes engulfed by a
two-membraned collapsed cisterna derived from the endoplas-
mic reticulum (6). Mature particles contain the enzymes re-
quired for early RNA synthesis and processing (19, 30, 31),
most of which are known to be encoded by the virus genome
(34). ASFV gene expression appears to follow a cascade mech-
anism similar to that described for poxviruses (22). Thus, four
temporal classes of ASFV genes have been described. The
expression of immediate-early and early genes begins immedi-
ately after infection, the latter being silenced at the time of
maximal DNA replication (3). Intermediate gene expression is
dependent on the synthesis of viral DNA, decreasing sharply
when late mRNA synthesis becomes maximal (29).

At present, very little is known about the molecular mech-
anisms controlling ASFV gene transcription. Individual genes
are tightly regulated independent transcription units whose
mRNA start sites are located at a short distance from the
corresponding translation initiation codon (3, 29). However,
the structure of the promoters and the identity of transcription
factors which regulate the expression of viral genes are un-
known. In order to investigate the structural requirements for
late promoter activity, we have obtained a number of mutants
of the capsid protein p72 gene promoter and analyzed their
transcriptional activities when directing the expression of the
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luciferase gene in transient-expression assays with ASFV-in-
fected cells. The results obtained have allowed us to localize
cis-acting elements required for late gene transcription and
suggest the existence of sequence specificity in the region of
transcriptional initiation.

Transient expression of luciferase gene regulated by the p72
promoter. To study the promoter sequences required for tran-
scription of ASFV late genes, we decided to analyze the 5’
flanking region of the gene encoding protein p72. This protein
is the major component of the icosahedral capsid of the virus
(10, 18) and constitutes about 35% of the virion mass (7).
Therefore, we assumed that the promoter that controls its
expression is one of the strongest late-functioning promoters
and could thus be very useful for our purposes. Previously, we
demonstrated that a DNA fragment including the first eight
codons of the p72 gene and the 197-bp upstream sequence was
capable of directing the expression of the lacZ gene at late
times postinfection, either from a recombinant virus (v72-Bgal)
or from a plasmid transfected into ASFV-infected cells (27).
We therefore cloned the firefly luciferase gene downstream of
the 197-bp upstream sequence and the first A of the translation
initiation codon of the p72 gene. A 218-bp PCR fragment was
obtained using ASFV DNA as a template and oligonucleotides
5’-A and 3'-A (Table 1), which were cut with restriction en-
zymes BamHI and Bg/II and cloned into BamHI-linearized
pUC118, generating plasmid pp72. The luciferase gene of Pho-
tinus pyralis was then inserted as a 1.4-kbp BamHI fragment
from pKluc (16) into the pp72 plasmid that had been linearized
with BamHI enzyme, thus obtaining the pp72.luc plasmid, in
which the reporter is placed downstream of the 5’ flanking
sequence of the p72 gene. Plasmid pp72.luc was capable of
inducing the synthesis of high levels of luciferase at late times
postinfection when transfected into ASFV-infected Vero cells
(Fig. 1). A kinetic analysis of transient expression of luciferase
showed that maximal levels of reporter activity were obtained
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TABLE 1. Names and sequences of the oligonucleotides used for the generation of promoter mutants
Oligonucleotide name® Sequence? Promoter(s)
5" and 3’ deletions
5'-A cgegagatct GGGTCGCCGGAGAAAAGTCAAAAGG p72,p72.1, p72.2
5'-B cgegagatCTAGCAAGAGCGTGTCAATAATT p72.3,p72.5
5'-C cgegagaTCTTTGTTATTATCAAGATCC p72.4
3'-A gcgcggatccTATATAATGTTATAAAAATAATTT p72,p72.3, p72.4
3'-B gcgeggatccAATTATTGACACGCTCTTGCT p72.1
3-C gcgeggatccGGATCTTGATAATAACAAAGA p72.2, p72.5
6A gatcTATTTAATAAAAACAATAAATTATTTTTATAACATTATATAg
6B gatccTATATAATGTTATAAAAATAATTTATTGTTTTTATTAAATA p72.6
TA gatct TATTTTTATAACATTATATAg
7B gatccTATATAATGTTATAAAAATAA p72.7
Linker scan
substitutions
5'-8 geggtaccgegegc ATAAAAACAATAAATTATTTTTATAACATTATATAggatccececeeece p72.8
5'-9 geggtaccTATTTAgegegAACAATAAATTATTTTTATAACATTATATAggatcecececee p72.9
5'-10 gcggtaccTATTTAATAAAGegegTAAATTATTTTTATAACATTATATAggatcecceceee p72.10
5'-11 gcggtaccTATTTAATAAAAACAAgegegTATTTTTATAACATTATATAggatccececeece  p72.11
5'-12 2cggtaccTATTTAATAAAAACAATAAATgegegTTATAACATTATATAggatcceceecee p72.12
5'-13 gcggtaccTATTTAATAAAAACAATAAATTATTTgegegACATTATATAggatcceccececee p72.13
5'-14 2cggtaccTATTTAATAAAAACAATAAATTATTTTTATAgegegATATAggatceccecece  p72.14
5'-15 gcggtaccTATTTAATAAAAACAATAAATTATTTTTATAACAT Tgegegggatcecececee  p72.15
3'-G gggggggggatee From p72.8 to p72.15
Single-nucleotide
substitutions®
5'-D cgegegtaccTATTTAATAAAAACAATAAATTA From p72.16A4 to p72.21T
3'-16 gcgeggatccTATATBATGTTATAAAAATAATTTATTGTTTTT p72.164, p72.16C, p72.16G
3'-17 gcgcggatccTATAVAATGTTATAAAAATAATTTATTGTTTTT p72.17C, p72.17G, p72.17T
3'-18 gcgeggatccTATBTAATGTTATAAAAATAATTTATTGTTTTT p72.184, p72.18C, p72.18G
3'-19 gcgcggatccTAVATAATGTTATAAAAATAATTTATTGTTTTT p72.19C, p72.19G, p72.19T
3'-20 gcgeggatcc TBTATAATGTTATAAAAATAATTTATTGTTTTT p72.204, p72.20C, p72.20G
3'-21 gcgcggatccVATATAATGTTATAAAAATAATTTATTGTTTTT p72.21C, p72.21G, p72.21T

TATA substitutions in
pl0, pl11.5, and
p54 promoters

5'-pll.5 cgeggetaccTTTAAAATAAGCCATTTAAAGATTTAGAATTTA pll.5, pl1.5mut
3'-pll.5 gcgcggatccTATACATATAAATTCTAAATCTT pll5
3'-pl1.5mut gegeggatccgcgcCATATAAATTCTAAATCTT pll.5mut
5'-p10 cgegegtaccATAATAAAAAATATTTTTTACTTTTTTTTCTTC pl10, pI0mut
3'-p10 gcgeggatccTATATTATGAAGAAAAAAAAGTA pl0

3’-pl0mut gegeggatecgcgc TTATGAAGAAAAAAAAGTA plOmut

5'-p54 cgegggtaccGTAATTTCATTGCGCCACAACATTTTTATATAT p54, p54mut
3'-p54 gcgeggatccTATAAATAATATATAAAAATGTT p54

3'-p5S4mut gegeggatccgcgc AATAATATATAAAAATGTT pS4mut

“ Oligonucleotides are listed according to the type of mutagenesis for which each oligonucleotide was used.
> Nonviral sequences are in lowercase letters, and recognition sequences for restriction enzymes BglII, BamHI, and Kpnl are underlined.
¢ Positions indicated as B are C, G, or T residues, and positions indicated as V are A, C, or G residues.

at 21 h postinfection. Moreover, when the cells were infected
in the presence of AraC, a specific inhibitor of the replication
of ASFV DNA and therefore of late transcription, the lucif-
erase activity was almost undetectable. Therefore, we conclude
that the 198-bp DNA fragment cloned contains the promoter
elements of the p72 gene.

Location and length of the p72 promoter. In order to deter-
mine the location of essential residues within the p72 promoter
sequence, a deletion analysis was first undertaken. A series of
luc plasmids containing 5', 3’, or 5" and 3’ promoter sequence
deletions was constructed. Five mutants (p72.1 to p72.5) were
obtained by PCR from pp72.luc by using the oligonucleotides
5'-A, 5'-B, 5'-C, 3'-A, 3'-B, and 3'-C (Table 1). The amplified
fragments were cloned into pUC118 as described for plasmid
pp72. Mutants p72.6 and p72.7 were obtained by hybridization
of oligonucleotides 6A with 6B and 7A with 7B, respectively

(Table 1). The resulting hybrids contained one end that was
compatible with the BamHI enzyme in such a way that the
cloning of one copy of the fragments into a BamHI site re-
sulted in the retention of a single BamHI site in the derived
plasmids. After annealing, the DNA fragments were incubated
with T4 polynucleotide kinase and ATP and were inserted into
the plasmid pUCI118, which was linearized with BamHI endo-
nuclease. The luc gene was cloned in the plasmids containing
mutants p72.1 to p72.7 as in the case of pp72.luc. A control
plasmid, p72GAL10T, in which the p72 promoter and nucleo-
tides up to the eighth codon of the p72 gene are fused to the
lacZ gene (16), was cotransfected with luc plasmids for 1 h into
Vero cells just prior to infection with ASFV. Luciferase activ-
ities were normalized to that of B-galactosidase.

Analysis of the mutants showed that 3" deletions completely
abolished luciferase activity (p72.1, p72.2, or p72.5) (Fig. 2). By
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FIG. 1. Regulated expression of the luciferase gene by the p72 late promoter.
Preconfluent monolayers of Vero cells (1.5 X 10°) were transfected for 1 h with
16 pg of Lipofectamine reagent (Gibco BRL) and 1 ug of pluc, pp72.luc, or
pp72.6.luc plasmids. Transfected cells were then infected with the BA71V strain
of ASFV (13) at a multiplicity of infection of 5 PFU per cell in the absence or
presence of AraC (40 ng/ml). Cells were washed and harvested at different times
postinfection, and the luciferase activity was measured as previously described
(16). The data are represented as the average = the standard deviation of three
assays. Luciferase values were normalized to the protein content.

contrast, deletion of 5’ sequences in mutants p72.3, p72.4, and
p72.6 did not affect promoter activity. The results indicate that
the promoter elements are located within the 41 bp at the 3’
end of the sequence. More importantly, this region (p72.6
promoter) contains all the essential residues which drive late
expression of a reporter gene, as shown by time course tran
sient-expression assays and the inhibitory effect of AraC in
infected Vero cells (Fig. 1). Moreover, the sites for transcrip-
tion initiation of the luc gene under the control of this pro-
moter in transfection assays are the same as those of the p72
gene in the viral genome. Thus, as can be seen in Fig. 3, the 5’
ends of the reporter gene mRNA map at residues —5 to —2
relative to the translation initiation codon, as did those de-
scribed for the p72 gene mRNA (26). We will designate in this
work the second residue (—4) used for initiation as the +1
position.

On the other hand, complete loss of reporter activity oc-
curred when the length of the promoter fragment in the trans-
fected plasmid was reduced from 41 to 21 bp (p72.7) (Fig. 2A),
suggesting that ASFV sequences between —36 and —16 are
critical for activity. However, the possibility that transcription
of the reporter gene was inhibited by bringing vector sequences
closer to the mRNA start site cannot be ruled out at present.

Linker scan substitutions along the p72 promoter. To local-
ize the critical residues within the 41-bp promoter, linker scan
substitutions were performed. A set of eight mutants (p72.8 to
p72.15) containing GCGCGC or GCGCG substitutions along
the 41-bp sequence was constructed as follows. The nontem-
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plate strands of the promoters were synthesized as oligonucle-
otides which contained Kpnl and BamHI sites at their 5" and 3’
ends, respectively (Table 1, oligonucleotides 5'-8 to 5'-15). In
addition, a tail of seven C residues was included at their 3’ ends
in such a way that the BamHI site and the C tail together would
create a 13-bp sequence common to all of them. The single-
stranded oligonucleotides were annealed to a 13-bp primer
complementary to this 3’ end common sequence (Table 1,
oligonucleotide 3'-G). Extension of the second strand was per-
formed with DNA polymerase I (Klenow fragment) and all
four deoxynucleotides. The double-stranded products were
then digested with Kpnl and BamHI and cloned into pUC118
linearized with the same endonucleases, and the luciferase
gene was inserted downstream of the promoters. The plasmids
thus obtained were cotransfected with control p72GAL10T
into infected cells, and the normalized luciferase activity was
determined. The results are summarized in Fig. 2B. Two re-
gions, from —15 to —11 (p72.12) and from +1 to +5 (p72.15),
in which substitution of the original sequence for a GCGCG
sequence greatly decreased luciferase levels were found. The
activity of these mutants was reduced to <6% of the wild-type
value. On the other hand, substitutions from —5 to —1 (p72.4)
significantly inhibited reporter activity (by approximately
60%), while mutations in the region from —36 to —16 reduced
this activity to a much lesser extent. The deletion of this latter
region, however, considerably diminished luciferase levels
(Fig. 2A, p72.7 construct), suggesting that sequences with a
length of more than five or six bases are involved in the pro-
moter function of this region.

Single-nucleotide substitutions at the mRNA initiation re-
gion of the p72 promoter. Mutants p72.14 and p72.15 have
substitutions in residues which are sites for mRNA initiation.
To better analyze the effect of changes in these and surround-
ing nucleotides, we obtained a complete set of all three possi-
ble single-nucleotide substitutions in positions from —1 to +5.
Mutant promoters (p72.16A4 to p72.21T) were generated using
mutually priming long oligonucleotides (8). Oligonucleotide
5'-D, which contains the 23-bp 5" sequence of the promoter
nontemplate strand, was independently mixed with oligonucle-
otides 3'-16 to 3'-21, which contain the 33-bp 5’ sequence of
the promoter template strand mutated at different residues
(Table 1). These pairs of oligonucleotides annealed at a 15-bp
segment at their 3’ ends and acted as both template and prim-
er. The extension of the oligonucleotides was performed with
Sequenase (Pharmacia Biotech) in the presence of all four
deoxynucleotides. The double-stranded DNA mutant promot-
ers obtained in this way had a structure similar to that of linker
scan mutants, with Kpnl and BamHI sites at their ends, allow-
ing their cloning into pUC118 plasmid. Plasmids containing
point mutations were transfected together with control plasmid
p72GALI10T, and the luciferase activity was measured and
normalized to B-galactosidase activity. The results show that
position +3 is notable for its intolerance to any deviation from
the wild-type sequence (Fig. 2C). Changes at nucleotides +4

FIG. 2. (A) Mapping of the p72 late promoter. Luciferase activity was measured in ASFV-infected Vero cells previously transfected with plasmids containing
deletion fragments of the p72 promoter and was normalized to B-galactosidase activity produced from cotransfected control plasmid p72GAL10T. Transfections were
carried out as described in the legend to Fig. 1 by using 12 ng of luciferase plasmids and 1 pg of p72GALI10T plasmid per 1.5 X 10° cells. Cells were infected with the
BA71V strain of ASFV at a multiplicity of infection of 5 PFU per cell, and they were washed and harvested at 18 h postinfection. Luciferase and B-galactosidase
activities were determined using the Dual-Light kit from Tropix Inc. The data are represented as the average plus the standard deviation of three assays and are
normalized to p72 activity. The positions of the deletion fragment ends with respect to the transcriptional start point (+1) are indicated below the diagram. Ap72
corresponds to the luciferase gene without the p72 promoter. (B) Linker scanning analysis of the p72 promoter. The substituted sequence is indicated above each
promoter, and the positions of mutated residues are indicated. Activities were determined as in panel A. All values were normalized to p72.6 activity, indicated with
a vertical dashed line. The asterisk indicates the position of the first nucleotide of the p72 gene translation start codon. (C) Effect of single-nucleotide substitutions at
or near the transcriptional start site. Activities were determined as for panel A. All values were normalized to p72.6 activity, indicated with a horizontal dashed line.

Symbols for base substitutions are shown.
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FIG. 3. Analysis of RNA synthesized from p72 promoter mutants. Preconfluent monolayers of Vero cells (1.5 X 10°) were transfected with 16 p.g of Lipofectamine
reagent and 1 pg of plasmids containing different mutations of the p72 promoter regulating the luciferase gene. The primer for the luciferase gene was complementary
to nucleotides between bp 35 and 64 of the noncoding strand of the gene. The primer for the D117R gene has been previously described (32). Total RNA was obtained
at 18 h postinfection, hybridized with end-labeled primer, and extended with avian myeloblastosis virus reverse transcriptase. The sizes (in nucleotides) of the major
bands, calculated by using products of an irrelevant DNA sequencing reaction for markers, are indicated. The lower panel shows the quantitated values of the transcripts
produced by each mutant normalized first to the internal D117R transcript value and then to the p72.6 value. A diagram showing the relative promoter lengths and
sequences of the promoters used is shown on the left. Mutant p72.79C has a point mutation in which the A residue at position +3 was replaced by C.

and +5 reduced the activity of the promoter about threefold,
while only a small effect was observed when positions —1 to +2
were replaced.

Compilation of the linker scanning and point mutation data
defined two critical regions within the p72 late promoter: an
upstream region located around positions —15 to —11 and a
downstream region encompassing the transcription initiation
site.

Effects of p72 promoter mutations on transcription. As de-
scribed above, the relative strengths of the p72 promoter and
promoter mutants were examined by measuring luciferase ac-
tivity, which provided a convenient and precise method of
assessing the promoter activity. The enzymatic activity is as-
sumed to be an accurate reflection of the amount of mRNA
synthesized. This was confirmed by direct analysis of the RNA
isolated from infected cells that had been transfected with the
wild type and representative mutations of the p72 promoter.
As an internal control, transcripts from the D117R gene of the
viral genome, which encodes the major structural protein p17
(32), were analyzed in parallel. As probes for this analysis, we
used oligonucleotides that contained sequences of the coding
strands of the luciferase and D117R genes close to their 5’
ends. These primers were end labeled, hybridized with total
RNA, and elongated with avian myeloblastosis virus reverse
transcriptase as described elsewhere (29). The elongated prod-
ucts were electrophoresed on a polyacrylamide gel. Quantita-
tion of the luciferase transcripts (Fig. 3) demonstrated a good
correlation between the RNA synthesized and the activity
measured (Fig. 2).

A TATA sequence is required for efficient late viral tran-
scription. An analysis of the 5’'-flanking sequences of ASFV
late genes whose transcription initiation site has been mapped
showed that late transcription starts very frequently at A or T
residues. A comparison of these sequences showed a conser-
vation around the mRNA start site (Fig. 4). Thus, the sequence
TATA of the coding strand is located at or near the start point
in 14 out of 17 late genes. No clear regions of similarity were
observed in upstream sequences, although tracts of T or A
residues were present in most cases.

As determined above, the corresponding TATA sequence in
the p72 promoter is a critical region. To assess if the TATA

sequence acts as a general essential element for initiation of
late transcription, we cloned the putative promoter sequences
of three other late genes. The 41-bp DNA fragments contain-
ing the putative TATA elements and upstream sequences of
the late genes encoding the p11.5, p10, and p54 major struc-
tural proteins were cloned. A mutant version of each promoter
in which the TATA sequence was replaced by GCGC was also
cloned. The cloning strategy was similar to that described for
single-nucleotide mutagenesis of the p72 promoter, using the
oligonucleotides shown in Table 1. Plasmids containing the
promoters and the luciferase gene were cotransfected with
p72GAL10T, and the normalized luciferase levels were deter-
mined. The activity of the wild type versus the TATA mutant
promoter for each case is shown in Fig. 5. As can be seen, the
percentage of mutant promoter activities ranged from less than
2% (pl11.5 promoter) to about 6% (pl0 and p54 promoters).
These results show that a TATA sequence located at the tran-
scription start point is essential for the activity of four late
promoters and suggest that ASFV late transcription is depen-
dent on the presence of this sequence at or near the region of
transcriptional initiation.

A model for regulation of ASFV late gene expression. Ex-
pression of ASFV late genes takes place after the onset of viral
DNA replication and is dependent on it. It has been proposed
that viral frans-acting factors regulating late transcription are
expressed from newly synthesized viral genomes (29). These
factors may be involved in the transactivation of the luciferase
gene under the control of the late viral promoters, which was
observed in the infected cells. The luciferase activities found
under these conditions are correlative to mRNA levels, as
demonstrated by primer extension assays of the accumulated
messengers during ASFV infection (Fig. 2 and 3). The results
show that the system is very useful for analyzing the structure
of cis-acting late control elements using mutated promoters.

Two regions essential for p72 promoter activity have been
detected. One region is located at positions —15 to —11, as
replacement of these nucleotides by a GCGCG sequence abol-
ished the promoter activity. Whether this effect is a conse-
quence of the deletion of some essential sequence motif is
unknown. No evident nucleotide conservation in that region of
other late promoters is observed. On the other hand, A and T



VoL. 74, 2000

NOTES

-30 -20 -10 +2 +5 +10 +20
p72 TATTTAATAAAAACAATAAATTATTTTTATAACATTA TATA TG
EP153R TATTTTAGAAAACAATCACGTTATTTATGCTGTATTG TATA AGGA<52>ATG
IAP-1like ATGATCATTACAAATGTTTGTAATTTTTTTTATATTA EéTéuEAAGAATTTAAAATTATGAAATG
pl0 ATAATAAAAAATATTTTTTACTTTTTTTTCTTCATAA TATA CATAGAATG
pl2 TTTATATTTAATATTAAAATCTTTTCATTTTATATAT Tégé TACGCAALATG
B438L GAGGTAATTATGCCTTCTCAATATAATAATTAACTTT TATA TACAATG
S273R ATTAAAAAATAACAATAAAAACCTTATGAAATCTATQ TATA GTGGCCGCTAAAATG
pl7 CATAATTAATTTTGTGTTATATTTTATTTGAGATTAA TATA ACTGTTCAATTGTAATAAATG
pll.5 TTTAAAATAAGCCATTTAAAGATTTAGAATTTATATG TATA CAACTGTACAATG
CD2-1like TATGTAATTTTTATGAGTAGTAAAAAAATATTATTAT TATA AAACATATATGTGTATAAAATG
p54 GTAATTTCATTGCGCCACAACATTTTTATATATTATT TATA ATAGTACTTAAATG
I226R CATGCATTAATGAAAAAAACTTTTAAATTTTTGTTTT AATA TTTGCATGAAAATG
I243L GTATTAAATTTTAAAAAAAAATTTATATGAAAATGCA TATA GCCC<136>ATG
L83L AGTTTATGATACTGAATAAAGATTACCTGTTAAGCGG TAAA TTTA<51>ATG
GGPPS GCAAACAATTTCTAGGCACAATAATTATATACCTéAé TATA CGGG<111>ATG
J154R GGACTATTAAAAGATACTCCGTGTGCATTATTGCTTT TAAT CAGTATG
dUTPase CATGCAAGACATAATTGAAATAAATAATTAATAAGTékgéTA TCATG
consensus GTTATAATAAATAATATAAATTTTTTATTTTAATTTA TATA
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FIG. 4. Alignment of 5" flanking sequences of ASFV late genes. Sequences were aligned by maximizing the identities around the transcriptional start site. Initiation
sites (underlined) mapped within or close to a TATA sequence. The translation initiation codons are indicated in bold. References are as follows: p72 (26), p10 (J. M.
Rodriguez, unpublished data), EP153R (14), IAP-like (11), p12 (4), B438L (15), S273R (A. Alejo, unpublished data), L83L (1), p17 (32), p11.5 (data not shown),
CD2-like (28), p54 (25), 1226R and 1243L (29), Geranylgeranyl pyrophosphate synthase (GGPPS) (2), J154R (5), and dUTPase (24). The consensus sequence shows
the most common nucleotide(s) at each position upstream of residue +5. Also listed is the next most common nucleotide that differs by only one from the most common

residue. Alternative TATA sequences are indicated over a gray background.

tracts are frequently found along ASFV late promoters, but the
significance of this characteristic in transcription activation
remains to be determined. In relation to this, it has been
suggested that T-rich sequences upstream from a number of
eukaryotic genes activate RNA polymerase II transcription
(21). Similarly, tracts of A or T residues activate late promoter
function in vaccinia virus (12).

The second essential region of the p72 promoter is localized
at positions +1 to +5 and includes sites for mRNA initiation.
When the 5’ sequences of 17 late genes were aligned by max-
imizing the identities around the transcription start region, we
found some similarity. Thus, TATA sequences are present in
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FIG. 5. Requirement of the TATA sequence in the transcription initiation
region for activity of other viral late promoters. Plasmids containing wild-type
and mutant versions of late promoters directing the expression of the luciferase
gene were cotransfected with p72GAL10T as described in the legend of Fig. 2,
and luciferase activity was normalized to that of B-galactosidase. All values were
normalized to that of wild-type activity in each promoter. The percentages of
mutant activities with respect to the wild-type levels are indicated.

14 out of 17 promoters. As for the p72 promoter, replacement
of this sequence in three other late gene promoters was also
deleterious for activity, suggesting that the TATA sequence
could be a motif for late promoter function. Sequence motifs
which map around the site for transcription initiation and are
necessary for transcription have been described for other sys-
tems. Thus, initiator elements of eukaryotes are common for
many promoters of protein-encoding genes and have been
grouped into families (33). Similar elements are present in
poxvirus and baculovirus promoters. Intermediate and late
vaccinia virus transcriptions start in the essential sequences
TAAA and TAAAT (23), respectively. In the case of baculo-
virus, transcription of late and very late genes initiates at a
TAAG sequence which is an essential element for both classes
of promoters (20). Transcription factors which associate with
these initiator elements have been described for eukaryotes
(33) and vaccinia virus late promoters (9). It is likely that
ASFYV late transcription will depend on late transcription fac-
tors with affinity for the TATA sequence, an affinity which
could be weaker or stronger, depending on the surrounding
sequences. On the other hand, the essentiality of the sequence
could be related to the mechanism of transcriptional initiation.
Thus, an essential step in this mechanism is the melting at the
site of initiation, which requires the unwinding of the double
helix, a process which is energy dependent. It is possible that
the A/T-rich sequence at the transcription initiation site could
play a role in facilitating the unwinding of the double-stranded
DNA and, consequently, the initiation of transcription. The
finding that replacement of the A/T-rich region by G/C resi-
dues strongly reduces transcription is in keeping with this.

This is the first mutational analysis of an ASFV promoter.
Future work will focus on elucidating the function of the
TATA element in ASFV late transcription as well as on iden-
tifying the possible transcriptional factors which could interact
with it.
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