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ABSTRACT

Ad2 VAI gene strongly competes for transcription with VAII gene in vitro.
It has been suggested that this competition may be a basis for the large excess
of VAI gene transcription in virus infected cells at late times. We have
studied the effect of the DNA sequence perturbations of the intragenic promoter
of the VAI gene on transcription of VAII gene at the level of viral chromosome.
Several Ad5 mutants with mutations in the promoter of VAI gene were constructed
and transcription of their VAI and VAII genes were analyzed in the infected
cells. It was found that transcription of VAII gene increased dramatically when
either Box A or Box B promoter sequences of VAI gene were mutated or when the
entire VAI gene was replaced by a DNA segment with an unrelated DNA sequence.
Thus, at late times, active transcription of VAI gene appears to partially
repress transcription of VAII gene. Those mutants which synthesized large quan-
tities of VAII RNA only grew more slowly yielding a titer which was 1/10 of that
of their parent but 5 to 6 fold higher than that of an Ad5 mutant lacking both
VAI and VAII genes.

INTRODUCTION

Cells infected by adenoviruses (Ad) 2 or 5 synthesize large amounts of two
low molecular weight RNAs designated virus-associated RNAs I and II (VAI and
VAIT RNAs, ref. 1,2). The genes coding for these RNAs are located between 29.0
and 31.0 map units (m.u.) on the conventional adenoviral map (2,3,4). The VA
RNA genes are transcribed by RNA polymerase III (2,5). The nucleotide sequences
of the two VA RNAs and the DNA sequences that encode the RNAs have been deter-
mined (6,7,8). The VAI RNA is heterogenous both at 5' and 3' ends and it is 157
to 162 nucleotides long. Transcription of VAI gene is initiated at two closely
located sites on the genome separated by three nucleotides (VAI-A and VAI-G spe-
cies, ref. 7). The VAII RNA is initiated with a G residue and it is 162
nucleotides long. Both VAI and VAII genes are transcribed by independent promo-
ters and they are separated by a 98 base pair (bp) spacer segment. Using in
vitro transcription systems, it was shown that the DNA sequences required for the
transcription of the VAI gene were located within its coding sequence (from +10
to +69 ref. 9,10,11; the numbering here is relative to the starting point of the
VAI-G RNA). DNA sequences required for the VAII gene transcription have not
been determined; but they are very likely to be in a similar location within the
coding sequences of VAII gene. The VAI gene has a split promoter (11). Two DNA
sequence blocks within the 59 bp control region of VAI gene that are indispen-
sable for its in vitro transcription have been identified (11). Nucleotide
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sequences +10 to +18 (Block A) and +54 to +69 (Block B) form two control ele-
ments of this promoter and they are separated by a 35 bp DNA segment (11).
Mutations in Block A or Block B abolish transcription. Mutations in the segment
separating these two blocks have various effects on in vitro transcription;
deletion mutations almost abolish transcription whereas substitution and inser-
tion mutations allow near-normal levels of transcription.

The VAI RNA functions to enhance translation of viral mRNAs at late stages
in the adenovirus lytic cycle (12). This species is synthesized in much larger
quantities than VAII RNAs, the relative proportion of VAI to VAII RNAs at late
times being about 40:1 (ref. 12, and our unpublished results). Biosynthesis of
the two VA RNAs follows different kinetics (4). Both VAI and VAII RNAs are
synthesized at early times after infection in roughly equal amounts. The
synthesis of VAII RNA, however, levels off after about 8 to 10 hours whereas the
synthesis of VAI RNA continues to rise as the infection cycle progresses,
leading to widely different levels of the two species at late times (4). The
molecular basis of this differential synthesis of the two VA species is not
clear. In in vitro transcription assays, the VAI gene was shown to compete
effectively for transcription of the VAII gene (9). These results led to a
suggestion that the differential level of the transcription in vivo may be due
to this competition effect, viz. the VAI gene competing strongly with the VAII
gene for one or more transcriptional factors, thus limiting the transcription of
VAII gene (13). In in vitro transcription assays, DNA sequences from +54 to +69
of VAI gene promoter are capable of competing for transcription with another VAI
gene or VAII gene (10).

In this paper we have examined the differential regulation of the two VA
genes in vivo using a genetic approach. We have asked which nucleotide sequen-
ces of the VAI promoter are responsible for the suppresion of transcription of
VAII promoter in vivo. Several adenovirus mutants were constructed in which the
promoter sequences of the VAI gene were mutated in different regions. Transcrip-
tion of the VAII gene was analyzed at late times in human cells infected by
these mutants. It was found that mutations in either A or B block sequences of
the VAI promoter had identical effect and led to a dramatic increase of VAII RNA
synthesis.

MATERIALS AND METHODS

Cells and viruses. The 293 cell line (Ad5-transformed human embryo, ref. 14)
and HeLa cells (obtained from T. Shenk) were maintained in Dulbecco's modified
minimal essential medium containing 10% calf serum. Mutant d1703 is a variant
of wild type (WT) Ad5. This variant has a single Xbal site and a single EcoRI
site at 29.0 and 30.0 m.u. respectively. The EcoRI site at 30.0 m.u. is a new
EcoRI site introduced through recombinant DNA Toute. D1704 is identical to
d1703 except that it has a 17 bp deletion within the 1ntragen1c promoter of the
VAII gene. The DNA sequence from Xbal (29.0 m.u.) to HindIII (31.5 m.u.) of
d1704 is of Ad2 origin. D1703 and d1704 are VAI*/VAIIT and VAI*/VAII- respec-
tively. The construction of these two variants was described in an earlier
report (15). Both d1703 and d1704 grow to WT levels. Sub722 is a derivative of
d1703 in which the 230 bp DNA fragment coding for VAI RNA, between Xbal and
EcoRI (29.0 to 30.0 m.u.) was replaced by a 434 bp DNA fragment from m 88.3 to
89.7 m.u. of the Ad2 DNA. This mutant is therefore VAI=/VAII*. The construc-
tion of d1705 is similar to the protocol described in an earlier report (similar
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to d1330, described in ref. 12). DNA sequences from Xbal (29.0 m.u.) to HindIII
sites (31.5 m.u.) of d1705 are of Ad2 origin. The mutant lacking VAI and VAII
genes (double mutant) was constructed as follows: the DNA fragment from O to
30.0 m.u. of sub722 was ligated to 30.0 to 100.0 m.u. fragment of d1704
(VAI*/VAII-) tak1ng advantage of the unique EcoRI sites between the two VA genes
of these variants. The ligated DNA sample was introduced into human cells by
DNA transfection (15). Cell lysate prepared from those cells was used to infect
monolayers again. Cytopathic effect was observed after the fourth passage. The
resulting mutant was VAI7VAII- (d1-sub720). Deletion mutations in VAI and VAII
genes of d1-sub720 were confirmed | by digesting the viral DNA with various
restriction endonucleases. Polyacrylamide gel analysis of 32p_1abelled RNA iso-
lated from Hela cells infected with d1-sub720 showed no detectable VAI or VAII
RNAs, further confirming that both VAI and VAII genes of the double mutant were
transcriptionally inactive. The remaining mutant viruses were constructed as
described below:
Construction of mutant VAI genes. Plasmid pA2-113 contains a 230 bp fragment
from the HindII site to the EcoRI site of d1704 (29.0-30.0 m.u.) cloned between
the Pvull “and EcoRI sites of pBl pBR322. We have previously introduced deletion,
substitution and insertion mutations into the 59 bp intragenic promoter of VAI
gene of this plasmid by a variety of site directed mutagenesis procedures (11).
Deletion mutation in d1726 was obtained by a D-loop mutagenesis procedure
(16,17). The mutant d1-sub723 has DNA sequences of VAI gene from -6 joined to
+27 with a HindIII linker. D1-sub724 has nucleotide sequences of VAI gene, +19,
+20 and +22 to +25 substituted with HindIII linker sequences. This gene also
has a single base pair deletion at +26. Mutational alterations of the mutant
VAI genes described above were confirmed by DNA sequence analysis (18).
Transcription analysis. HelLa cells were infected with various mutant viruses
and labelled with 3¢P-inorganic phosphate at 2 hrs after infection for varying
periods of time. At the end of the labelling period, cytoplasmic RNA was pre-
pared by treating the cells with NP40 as described earlier (12). The labelled
total RNA was subjected to electrophoresis on a 8% denaturing polyacrylamide gel
containing 8M urea. For the quantitation of VA RNAs, the appropriate bands were
excised from the gel and their radioactivity was determined. Fingerprint analy-
sis of the gel purified RNA samples was performed as described previously (11).
The restriction endonucleases, T4 polynucleotide kinase, T4 DNA ligase and
HindIII linkers were purchased from New England Biolabs. A1l of the enzymes

were used as recommended by the suppliers.

RESULTS
Construction of mutant viruses.

The mutant viruses described here were constructed in two steps. In the
first step we cloned a 230 bp DNA fragment coding for the VAI gene into a deri-
vative of pBR322 (see Materials and Methods). Mutations were introduced into
the promoter segment of the VAI gene present on this plasmid by site directed
mutagenesis procedures (described under Methods). The mutant VAI genes were
then reintroduced into d1703 between Xbal (29.0 m.u.) and EcoRI (30.0 m.u.).
The location of two VA RNA genes on the adenoviral chromosome and the strategy
used to introduce mutant VAI genes into viral chromosome are shown in Fig. 1.

In order to study the competition effect of VAI gene promoter on the
expression of VAII gene, four Ad5 mutants with mutations in the 59 bp promoter
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Fig. 1. A. Location of the two VA genes on the Ad2 or Ad5 chromosome. The
restriction sites are positioned on the Ad2 physical map. Arrows represent VAI
and VAII RNAs. The shaded area represents the intragenic promoter of the VAI
gene.

B. Diagram of the strategy used to construct Ad5 mutants with muta-
tions in VAI gene. See Materials and Methods for the construction of plasmid
pA2-113. The Xbal and EcoRI sites of the plasmid pA2-113 correspond to Xbal and
EcoRI sites at 29.0 and 30.0 m.u. respectively of d1704.

sequence block of VAI gene were constructed. We have previously shown that the
59 bp intragenic promoter sequence of the VAI gene can be subdivided into two
non-contiguous blocks; Block A, from +10 to +18 and Block B, from +54 to +69.
These two control sequences are separated by a 35 bp DNA segment (11). Mutant
di-sub723 has DNA sequences of VAI gene from -6 joined to +27 with a HindIII
linker. As a result, 28 bps overlapping the promoter and the 5' flanking
sequences are deleted eliminating the entire A block control sequence and an
additional 8 bps from the anterior side of the promoter sequence. DI1-sub724 has
a mutant VAI gene in which DNA sequences at +19, +20 and +22 to +25 were substi-
tuted by a HindIII Tinker sequence. This mutant also has a single bp deletion
at +26. The mutant d1705 has a 29 bp deletion, from +46 to +76; this deletion
eliminates the entire B block control sequence (nucleotide sequences preceding
and following the deletion are numbered). Mutant d1726 is a deletion mutant in
which 7 bp sequence, from +57 to +65 of the VAI gene deleted. This deletion
therefore removes only a part of the B block control sequence. Finally, the
mutant sub722 is a mutant in which the 230 bp DNA fragment from Xbal to EcoRI
site of d1703 was replaced by an Ad2 DNA segment from 88.3 to 89.7 m.u. (434 bp).
This mutant, therefore, has none of the VAI promoter sequences. The mutational
alterations of Ad5 mutants described here were also confirmed by digesting the
viral DNA with various restriction endonucleases (data not shown). The muta-
tions of the VAI gene described above are shown in Fig. 2B and are also
diagrammed in Fig. 3B.

Mutants d1-sub724 synthesizes altered VAI RNA while the rest of the mutants
are VAI-/VAII¥. “The mutational alteration of VAI RNA of mutant d1724 was con-
firmed by fingerprint analysis of the gel purified RNA (data not shown).
Transcription analysis.

In order to evaluate the effect of the promoter mutations of VAI gene on
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Fig. 2. A. Nucleotide sequences of the Ad2 genome corresponding to the intra-
genic promoter of the VAI gene. The single stranded sequence shown here reads
as the sense strand for the VAI RNA. The nucleotide sequences shown in the
boxes correspond to two transcription control elements.

B. Deletion and substitution mutations shown on the DNA sequence of
the VAI gene promoter. DNA sequences shown above the promoter sequence substi-
tute for the corresponding nucleotides in dl-sub724. Solid circle represents a
deletion. The numbers shown in parenthesis represent the nucleotide sequence
positions published by Gingeras et al (22).

transcription of the VAII gene, HelLa cells were infected with each mutant at a
multiplicity of 20 plaque forming units per cell. 32p_1abelled cytoplasmic RNA
was prepared from these cells after 24 hrs of infection and analyzed on dena-
turing polyacrylamide gels as described under Materials and Methods. Fig. 3A
shows the results of the polyacrylamide gel-analysis of the low molecular weight
RNAs synthesized by various mutants described above. As can be seen, mutants
sub722, d1-sub723, d1705 and d1726 did not synthesize VAI RNAs. This was
expected, because these mutants lack either Block A or Block B control sequences
that are essential for transcription (sub722 lacks the entire VAI gene). On the
other hand, the synthesis of VAII RNAs in these mutants dramatically increased.
Ad5 and Ad2 VAII RNAs migrate at different rates in our gel systems with Ad2
VAII RNA moving much faster than that of Ad5. Because d1705 has Ad2 VAII gene
(see Materials and Methods), the VAII RNA of this mutant migrates faster. When
we quantitated the VAII RNAs of these mutants, it was found that sub722,
dl-sub723, d1705 and d1726 synthesized about 12 fold higher quantities of VAII
RNAs than d1703, our WT control. Furthermore, the quantity of VAII RNA synthe-
sized by all of these mutants was approximately equal. Thus, the mutational
alterations in Box A (d1-sub723) lead to the same level of enhancement of VAII
RNA synthesis as did those in Box B (d1705, d1726).

Because mutations in Box A and Box B showed identical effects, it seemed
possible that either one of these control elements could be capable of
repressing transcription of the VAII gene in WI infected cells. Although dele-
tion mutations in dl1-sub723, d1705 and d1726 resulted in a 12 fold increase in
VAII gene transcription, a possibility existed that the Box A or Box B alone
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Fig. 3. A. Analysis of the VA RNAs synthesized by d1703 and various adenovirus
mutants. HelLa cells were infected at 20 plaque forming units per cell and
32p_1abelled total cytoplasmic RNAs from these cells were analyzed on a 8%
polyacrylamide/8M urea gel (0.4m x 40cm, 600V in tris-borate buffer) and autora-
diographed. Top 8 and bottom 15cm of the autoradiogram are not shown.

B. Schematic representation of the deletion and substitutions of dif-
ferent adenovirus mutants. Solid horizontal lines represent the part of the Ad
genome which code for the two VA genes. Solid boxes represent the two
transcription control elements of VAI gene promoter. Arrows represent the VAI
and VAII RNAs. Only the VAI-G species is shown. Broken lines indicate that the
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transcr1pts are not synthesized. Open boxes show the deletions. Short vertical
lines in the case of d1-sub724 represent the DNA sequences substituted. Solid
circle in the case of d dl -sub724 shows deletion. Shaded box in the case of
sub722 indicates substitution. The numbers below the diagram correspond to
nucleotides sequence positions published by Gingeras et al (22). The numbers in
the parenthesis to the right show the fold increase of VAII RNA synthesis over
d1703 VAII RNA in the respective mutants.

could still be inhibiting the synthesis of VAII RNAs as these mutants retain
either Box A or Box B sequences. In that case, the level of VAII RNA synthesis
although elevated, may not be maximal but would increase further if both the
control elements were deleted in a single mutant. Indeed, the earlier in vitro
results established the boundary of the DNA sequences of VAI gene promoter that
compete for the trdnscription of VAI gene between +54 and +69 (10). To see if
the deletion of entire promoter sequences of VAI gene would further enhance
transcription of VAII gene, we constructed an Ad5 mutant in which the entire VAI
gene was replaced by a DNA segment with unrelated sequence (sub722).
Transcription of the VAII gene of this mutant was quantitated under identical
conditions. As can be seen (Fig. 3A), the quantity VAII RNA accumulated in the
cytoplasm of this mutant at 24 hr post infection was approximately equal to that
of d1-sub723 or d1705 (or d1726). These results demonstrate that the effect of
deletions in the Box A or Box B control sequences of VAI promoter on transcrip-
tion of VAII gene is not additive.

Transcription of the VAII gene is also affected by mutations outside Box A
or Box B sequences of the VAI promoter. D1-sub724, which has DNA sequences bet-
ween +19 and +25 substituted (see Fig. 2) showed a two and a half fold increase
in VAII RNA synthesis. This mutation also overlaps the consensus polymerase III
sequence for Box A (RRYNNARYGG, +15 to +24; R represents a purine, Y represents
a pyrimidine and N represents any nucleotide; ref. 19). This gene was
transcribed to about 20 percent of WT in an in vitro system (11). However, when
this gene is introduced into a viral chromosome, it was transcribed to about 50
percent of WI level. This suggests that transcription is much more efficient
when this gene is organized in the chromatin structure.

If the control elements of the VAI gene promoter do indeed compete in vivo
for transcriptional factors, deletions of one of these control elements should
end this competition. In this situation, the synthesis of VAII RNA should rise
rapidly with a kinetics similar to that of WT VAI gene. A time course experi-
ment was performed to examine this aspect. Transcription of VAII gene of d1703
and d1726 (deletion in Box B) was monitored after 12 hrs at three hr time inter-
vals u up to 32 hrs. An autoradiogram of the gel showing these results is pre-
sented in Fig. 4A. Fig. 4B shows a graphic representation of the quantity of VA
RNAs synthesized by d1703 and d1726 as a function of time. Transcription of VAI
gene of d1703 (WT control) continued to increase up to 21 hrs and declined
thereafter. Transcription of VAII gene of this variant stayed more or less at
the same level (lessthan a two fold increase was noted at the 32 hr time point).
Transcription of the VAII gene of d1726 showed a steady increase up to 24 hrs and
declined at the 32 hr time point. This kinetics is very similar to that of the
VAI gene of d1703 (Fig. 4B). Thus in the absence of VAI gene transcription,
transcription of VAII gene follows the same pattern as that of VAI gene in WT.
At 24 hrs, when the VAII gene is transcribed at maximal level in d1726 infected
cells, the quantity of VAII RNA was found to be about 1/2 of that of the VAI RNA
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Fig. 4. A. Analysis of VA RNAs synthesized by d1703 and d1726 in HelLa cells
infected for different periods of time. HelLa cells were infected with theviral
mutants at 20 plaque forming units per cell for indicated periods of time and
the total cytoplasmic RNAs were analysed on a denaturing polyacrylamide gel.
The conditions for electrophoresis are as described in the legend to Fig. 3A.

B. Graphic representation of the quantity of VAI and VAII RNAs
synthesized by d1703 or VAII RNAs synthesized by d1726 shown in A. The bands
corresponding to VA RNAs shown in gel in (A) were excised and quantitated by
Cerenkov counting.

of d1703 (maximum synthesis of VAI RNA of d1703 was found to be at the 21 hr
time point and this value was compared with that of VAII of d1726 synthesized at
24 hrs).

Growth kinetics and yield of Ad5 mutants with VA-specific mutations.

The ability of the mutants described above to grow on HelLa cells was exa-
mined by growth kinetics experiments. These results are shown in Fig. 5.
Mutants d1-sub723, d1726 and sub722 which synthesized approximately equal quan-
tities of VAII RNA grew more slowly with more or less similar kinetics and
yielded titers about 1/10 of that of d1703. Mutant d1705, although it synthesi-
zes equal quantities of VAII RNA compared to d1-sub723 or d1726, grew about two
fold better than these mutants (d1-sub723 or d1726). The VAI specific mutation
of this gene is identical to that of d1330 described earlier (12). Earlier stu-
dies have shown that d1330 grows more slowly yielding a titer about 1/20 of that
WT in 293 cells (12). The reasons for the increased yield of this mutant in
monolayer HeLa cells is not clear at present.

We have recently constructed an Ad5 mutant which lacks functional VAI and
VAII genes and found that it is viable (d1-sub720); this mutant grows very
poorly with a final yield of about 1/60 of that of WI. To examine whether or
not the VAI-/VAII* mutants that we constructed grow better than d1-sub720, we
compared the growth kinetics of d1726 with that of d1-sub720. Figure 5B shows
that under identical conditions, d1726 yields a titer about five times higher
than that of d1-sub720. These results suggest that an increased quantity of
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Fig. 5. Growth kinetics of mutant viruses. To monitor the growth kinetics,
HeLa cells were infected with various mutants at a multiplicity of 3 plaque-
forming units per cell. After one hr incubation, the dishes were washed three
times with tris-saline and refed with DME containing 5% calf serum. At the
indicated times the virus yield was measured by a plaque assay on HelLa cells.

VAII RNA is able to functionally substitute for the VAI RNA function although at
reduced efficiency. Growth kinetics of d1-sub720 is somewhat anomolous for a
mutant which yields a titer about 1/60 (3 day time point) to 1/80 (5 day time
point) of that of d1703 (Fig. 58). Instead of a gradual increase in the titer,
virus grew rapidly within 48 hrs yielding the final titer on the third day with
a slight decrease thereafter. These results were found to be reproducible but
we do not know the reasons for this observation.

We have recently undertaken a mutational analysis of the adenovirus VAI
gene to determine the nucleotide sequences and structural domains of the VAI RNA
required for its biological function. A series of VAII~ adenovirus mutants with
mutations in the VAI gene were constructed and their growth properties were ana-
lysed. The majority of these mutants grew to WT or near-WT level suggesting
that nucleotide sequences in several regions of VAI RNA were despensable for its
function. One of these mutants, d1-sub707 which had VAI-specific mutation iden-
tical to that of dl1-sub724 grew to WT level (manuscript submitted). In
agreement with this, we find that d1-sub724 grows to WT level (data not shown).

DISCUSSION

Our results show that the deletion of nucleotide sequences from Box A or
Box B of the intragenic promoter of VAI gene lead to maximal expression of VAIL
gene at late times in the mutant-infected cells. The kinetics of transcription
of VAI and VAII genes in the d1703 and d1726 infected cells indicate that (i)
the VAII gene 1is  transcribed at least 11 to 12 fold higher level when the
VAI gene is not transcribed (in some of our experiments VAII gene of the
VAI-/VAII* mutants is transcribed up to a 18 fold higher level than WT VAII
gene) and (ii) the transcription of VAII gene will follow the same kinetics as
that of VAI gene in WT virus under these conditions. Maximum levels of
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transcription of the VAII gene can occur when either anterior (Block A) or
posterior (Block B) sequences of the promoter of the VAI gene are mutated, for
the synthesis of VAII RNA does not increase further when all of the VAI sequen-
ces are replaced by an unrelated DNA segment (sub722).

Earlier workers have shown that the VAI gene is a strong competitor for
transcription of VAII gene (9,10) presumably competing for initiation factors.
Deletion mapping studies demonstrated that only nucleotide sequences from +54 to
+69 of VAI promoter are capable of competing for transcription with a second VAI
gene in vitro (10). The mechanism of initiation of transcription of class III
genes is being investigated intensely in several laboratories. Lassar et al
(20) have shown that two transcription factors in conjunction with RNA poly-
merase III from human cells can initiate transcription of VAI gene in vitro
(factor B and C). Factor C specifically binds to Block B sequences of the
intragenic promoter of VAI gene. This interaction was shown to be stable
because preincubation of factor C with VAI promoter eliminated the transcription
of a subsequently added second VAI gene. If we relate these studies and the
earlier in vitro observation that the DNA sequences containing Box A did not
compete for the VAI gene transcription (10), one observation remains incon-
sistent. If the transcription factors bind first to Block B sequences as stable
complexes, the mutant d1-sub723 (Box A sequence deleted) would have been ineffi-
cient or less efficient in relieving the inhibition of transcription of the VAII
gene. That this is not the case is shown by the fact that mutations in A block
are as efficient as mutations in B block in enhancing transcription of VAII gene.
It is conceivable that transcription factors that may interact with Box A
sequences may be present in HelLa cells. Indeed a transcription factor that may
specifically interact with Box A sequences during initiation of transcription
has been implicated in the case of tRNAATG gene in homologous cell free extracts
(21). It is likely that the entire transcription machinery is diverted to
transcribe VAII gene at late stages in the case of VAI-/VAII* mutants. The fact
that a mutant VAI gene with reduced transcription (d1-sub724) is less efficient
in relieving the inhibition of transcription of a VAII gene supports this
hypothesis. As suggested earlier, the polymerase IIl enzyme and the necessary
factors may be present in limiting amounts in adenovirus infected cells. If the
VAI gene is able to bind more efficiently to these factors, less quantities of
these factors will be available for transcription of VAII gene. Therefore, the
synthesis of VAII RNA levels off after 8 to 10 hr after infection. Nucleotide
sequence differences between VAI and VAII gene in the promoter region may
contribute to this effect as DNA sequences of VAI and VAII genes show only a
scattered sequence homology (8).

Although mutants with deletions in Box A or Box B produce high levels of
VAII RNA, they grow about 1/10 as well as WT. An adenovirus mutant which lacks
VAI and VAII genes grows about 1/60 as well as WI. Increased quantities of VAII
RNA therefore, can enhance the growth of the virus although less efficiently
than VAI RNA. At least in tissue culture cells, virus mutants lacking func-
tional VAII gene show no growth defects (12). Although the VAI and VAII RNAs do
not show extensive sequence homology, both of them can fold to form very similar
compact stem-loop structures and it has been proposed that they arose via gene
duplication (8). The observation that abundant quantities of VAII RNA do not
support the growth of the virus to WT level suggest that as the two VA genes
diverged, the VAI gene might have evolved as a much better gene suited for its
transcription and for its biological function.
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Relative strength of the interaction of the polymerase III genes with
transcription specific factors has been implicated as at least one of the bases
for the differential gene regulation (20). Soderlund et al showed that
duringthe 1ytic cycle of the adenovirus, the level of 5S RNA does not change
whereas tRNA synthesis is dramatically reduced (2). It has been suggested that
stable and more efficient binding of factor C may preclude the transcription of
tRNA genes in the infected cells (20). An analogous differential interaction
with transcriptional factors between the two VA genes may explain the excessive
transcription of VAI gene compared to VAII gene in adenovirus lytic cycle.
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