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Nuglear fuctor T{NFI) represses the transcription which is promated by the cloned adenavirus (Ad) type 5 DNA replication origin und is reverse-

oriented with respect to the direction of the replication. The mechanises of this repression by NFI was investigated. In the cell-free trunseription

system, the repression was ohserved only when NFI wus present during «he formation of the transeription initiation complex. From the resuls

of DNase I protection experiments, it was indicated thut NFI bound to it dinding site in the Ad replication origin prevents TFHD from proper
binding 1o the udjucent AT-rich region and conseuently répresses the trunseription.

Transeription repression; Nuelear fuctor I; TEID; Adenovirus

1. INTRODUCTION

The adenovirus (Ad) type 5 DNA replication origin,
when cloned in a plasmid, functions as a transcription
promoter which dirccts the transcription oriented in the
opposite direction with respect to that of DNA replica-
tion [1,2]. The major initiation site is located about 30
nucleotides downstream from the AT-rich region in the
minimum origin, which is the putative TATA-box of
this promoter. Adjacent to the AT-rich region is a bin-
ding site for a cellular factor, nuclear factor I (NFI),
which is essential for Ad DNA replication [3,4]. We
have shown previously that NFI and its cognate binding
site are involved in the negative regulation of this
reverse-oriented transcription in the cell-free transcrip-
tion system [2]. In this paper we further investigated the
mechanism of this transcription repression by NFI.

2. MATERIALS AND METHODS

The cell-free transcription using pSPAdori as template and Hel.a
nuclear extracts was performed under the reaction conditions describ-
ed previously [2]. DNase I protection experiments were performed
essentially as described (4] except that 0.015 Azsoma unit of po-
1y{(dGdC) poly(dGdC) was added. The double-stranded 212 bp Rsal-
Hindlll fragment of pSPAdor] uniquely labeled with *2P at the 5 end
of the Hindlll site was used as probe, Double-stranded oligodeoxy-
nucleotides were prepared as described {5]. Oligol (5'-CCTTATTTT-
GGATTGAAGCCAATATGATA-3') corresponds to nucleotide
positions 17-45 of Ad 5 DNA, and oligoFiB-2 (5'-GCTA
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GGTCTGGCTTTGOGCCAAGAGCCGCT-3). is derived from
human genomic DNA {$]. .

NF1 wax purified from Hela nuglei [3) and the single-stranded
DNA-cellulose fraction was used throughout this study. The yeast
TFIHD was a generous gift of Dr H. Handa (University of Tokya).

3. RESULTS

The plasmid pSPAdori containing Ad 5 terminal 73
bp in pSP6S vector was used as template in the cell-free
transcription, and the reverse-oriented transcription by
RNA polymerase II was detected by the primer exten-
sion assay ([2] and Fig. 1A). It has been suggested that
Sarkosyl separates cell-free RNA synthesis into two
discrete steps, formation of initiation complex that is
sensitive to Sarkosyl and elongation of initiated RNA
chains that is resistant to Sarkosyl [6). Based on this,
the time course of the formation of the initiation com-
plex in the reverse-oriented transcription was examined.
The template DNA and HeLa nuclear extracts were in-
cubated at 30°C in the presence of oligoFIB-2 which
resumes the transcription from repression by the en-
dogenous NFI'in HeLa nuclear extracts, As shown in
Fig. 1B, the formation of the initiation complex was
completed in 30 min.

Next, we examined whether NFI represses the forma-
tion of the initiation complex (Fig. 2). When NFI
purified from HelLa cells was present during the prein-
cubation, the transcription was repressed (lane 3). Fur-
thermore, when oligol was added during the preincuba-
tion to titrate the endogenous NFI, the level of the
transcription was elevated (lane 7). In contrast, these ef-
fects could not be observed if NFI (lane 4) and oligol
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Fig. 1. The formation of the transcription initiation complex on the
Ad reverse-oriented transcription promoter. (A) The plasmid
pSPAdori. The transcript was analyzed by the primer extension
analysis [2]. AT, AT-rich region; OCTA, nuclear factor [l (NF111)
binding site. {B) The time course of the formation of the initiation
- complex, The supercoiled pSPAdori (0.5 pmol) was preincubated
with HMeLa nuclear extracts (60 xg protein) and 5 pmol of oligoF113-2
at 30°C for 0, 5, 15, 30 and 60 min. Further formation of initiation
complex was inhibited by adding Sarkosyl in a final concentration of
0.025% and simultancously the transcription was started by adding
0.5 mM each of 4 NTPs. The level of the primer-extension product
(inlet) was quantified by densitometric scanning.

(lane 8) was added together with Sarkosyl. These results
indicate that NFI represses the formation of the
transcription initiation complex on the reverse-orientec
transcription promoter.

It has been reported that ATP destabilizes the initia-
tion complex [7]. We thus examined the effect of ATP
on the formation of the initiation complex of the
reverse-oriented transcription. The addition of 0.5 mM
ATP reduced the level of the transcription (Fig. 2, lanes
1 vs 2, and lanes 3 vs 5). The effect of oligol was
eliminated with the simultaneous addition of ATP
(lanes 7 vs 9). These results confirmed that ATP inhibits
the formation of the initiation complex or destabilizes
the initiation complex in this promoter and that the
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Fig. 2. Kinetic analysls of transcriplion repression by NI

Transcription reaction was performed as deseribed above without

oligoFIB-2. Before or afler the preincubntion, the mareriils (ATP,

0.5 mM; Hela NFL, 4 ng; oligol, 5 pmol) were added where
indicated,

repression by NFI takes place at the step of the forma-
tion of the initiation complex. ‘

The formation of the initiation complex involves the
binding of proteins to the region around the TATA-box
and the initiation site. The effect of NFI on the binding
profiles with nuclear proteins to the promoter region
was investigated using DNase | protein experiments
(Fig. 3A). Lane 7 shows that not only the NFI binding
site (FIB site) but also the upstream region of the FIB
site were protected from DNase I digestion with Hebla
nuclear extracts, The region between the AT-rich region
and the initiation site are slightly protected by the
nuclear extracts. The addition of oligol competed with
a protein(s), presumably NFI, to bind to the FIB site
and enhanced the protection around the AT-rich region
(lane 8). TFIID, known as the TATA-box binding pro-
tein, is a good candidate for the protein binding to this
AT-rich region [8]. Finally, we examined the effect of

. NFI on TFIID binding to the AT-rich region (Fig. 3B),

Indeed, the purified yeast TFIID bound to the AT-rich
region, indicating that this AT-rich region was
recognized as the TATA-box of this promoter (lane 8).
However, TF1ID could not protect the AT-rich region
in the presence of NFI (lane 7). It is noted that the
DNase I hypersensitive sites generated by TFIID shown
in lane 8 were also detected in lane 7. We concluded that
TFIID does bind to the AT-rich region but does not
properly bind when NFI binds to the adjacent FIB site.

4. DISCUSSION

In this paper we have investigated the mechanism of
the transcription repression by NFI in the Ad 5 reverse-
oriented transcription promoter. NFI has been original-
ly identified fromn Hela cells as a sequence-specific
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Fig. 3. DNase I protection experimenis using nuclear extracts (A) and

purified NFI and TFIID (B). 3.25 ng of HeLa NFI, Hel.a nuclear

extracts (7 g protein), 200 ng of yeast TFIID and 1.5 pmol of oligol

were added where indicated. Sequencing ladders (lanes 1-4 in both

panels A and B) are electrophoresed in parallel. The DNase |

protection regions by NFI (lane 6) and NFI11 {14], AT.rich region and
the transcription initiation site (P1) [2] are indicated,

DNA binding protein involved in the initiation of the
Ad DNA replication [3,4]. Recent studies have revealed
that NFI functions as an activator for transeription of
several cellular and viral genes ([9,10] and references
therein). Using the Ad reverse-oriented transcription
system, we have shown that NFI is also involved in the
negative regulation of transcription [2].

For the eukaryotic transcription repression, two
mechanisms are proposed [11}. First, the transcription
activator is inactivated by its associated with the other
protein. Second, the repression is caused by the com-
petition of a binding site between activator and
repressor. In the regulation of interferon gene expres-
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Fig. 4. Model of transeription repression by NEL (A) In the absence

of NF| on its binding siie, TFILD ean bind (o the AT-rich region and

the transeription (P 1) eccurs. (B) When NFI binds wo s binding site,

TFHD can not bind properly to the AT -richregion, Consequently, the
transeription is represved.

sion, an activator IRF-1 and a repressor IRF-2 compete
for their binding sites (12]. A homeodomain protein,
engrailed, binds also to the TATA-box and, as a result,
inhibits the binding of TFIID to the TATA-box [13].
These studies showed the competition for the same bin-
ding site. We have shown here an alternative
mechanism of transcription repression. NFI inhibited
the proper binding of TFIID to the AT-rich region by
its binding to the adjacent FIB site (Fig. 4).

This promoter ¢can be functional, if at all, only when
the Ad genome is integrated into cellular genome in
front of a certain gene. Although the biological
significance of this promoter is totally unknown, it re-
mains possible that this reverse-oriented transcription
plays a role in transformation by Ad. On these lines, it
is hypothesized that the regulation of the level of NFI
should be crucial in the integration and infection cycle
of the Ad DNA. If the leve] of active NFI is reduced, for
example in Ad 12 El A expressing cells [10], the replica-
tion of the Ad DNA could be repressed and the
transcription apparatus could be assembled on the Ad
terminus. By defining the level of active NFI in a variety
of cells we hope to gain insight into the regulation of in-
tegration and replication of the Ad DNA.
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