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ABSTRACT

The human DDB1 and DDB2 genes encode the 127
and 48 kDa subunits, respectively, of the damage-
specific DNA-binding protein (DDB). Mutations in
the DDB2 gene have been correlated with the
hereditary disease xeroderma pigmentosum group
E. We have investigated the proximal promoters of
the DDB genes, both of which are G/C-rich and do
not contain a TATA box. Transient expression analy-
sis in HelLa cells using a luciferase reporter system
indicated the presence of core promoters located
within 292 bp (DDB1) and 220 bp (DDB2) upstream
of the putative transcription initiation sites. Both
core promoters contain multiple active Sp1 sites,
with those of DDB1 at —123 to —115 and of DDB2 at
—29 to —22 being critical determinants of promoter
activity. In addition, an N-myc site at —-56 to —-51 for
DDB1 is an essential transcription element, and
mutations in a DDB1 NF-1 site at -104 to -92, a
DDB2 NF-1 site at —68 to —-56 and a DDB2 E2F site at
+36 to +43 also reduce promoter activity. Taken
together, these results suggest a regulation of basal
transcription typical of cell cycle-regulated genes,
and therefore support conjectures that the DDB het-
erodimer and/or its subunits have functions other
than direct involvement in DNA repair.

INTRODUCTION

The rare recessive hereditary disease xeroderma pigmentosum
(XP) presents clinically with a high incidence of skin cancer
and hyperpigmentation in response to UV light exposure (1).
Xeroderma pigementosum group E (XP-E) patients experi-
ence a mild form of the disease with generally a late onset of
symptoms. The activity of the damaged DNA-binding protein
(DDB) is absent from the cells of XP-E patients (2-6) due to
mutations in the DDB2 gene (6-9). DDB is a heterodimer of
p48 and p127, the products of DDB1 and DDB2, respectively
(10,11). No naturally occurring mutations have been identified
in DDBI1, though knockout mutations of DDB1 homologs
have been produced in Schizosaccharomyces pombe (12) and
Drosophila melanogaster (13).

The high affinity of DDB for UV-induced DNA damage
(14) and the absence of its activity from XP-E cells suggest a
role for the protein in nucleotide excision repair (NER).
However, evidence is conflicting in this regard. Micro-
injection of purified DDB corrected a mild deficiency in
NER after UV damage in XP-E cells (15) and DDB has been
implicated in global genomic repair (16,17). Recent reports
show that DDB can stimulate the excision of cis-syn
cyclobutane pyrimidine dimers but not (6—4) photoproducts
in vitro through interaction with XPA and RPA proteins (18)
and that DDB accumulated at DNA lesions after UV-
irradiation and stimulated NER (19,20). However, in vitro
reconstitution studies show that DDB is not essential for NER
(21,22) and other studies find that XP-E cells that lack DDB
activity have normal DNA NER characteristics (6).

Alternative roles for DDB have been proposed due to its
interaction with other cellular proteins, specifically cell cycle
regulating or regulated proteins. This is largely due to the fact
that DDB2 is induced roughly 48 h after UV-irradiation, when
DNA damage has been repaired (8). Hence, DDBI1 is
transported to the nucleus after repair is all but complete.
Other observations show that DDB binds to the E2FI
transcription factor, which is involved in the transcriptional
activation of the DNA replication genes, and the DDB-E2F1
complex stimulates E2F1-activated transcription (23). DDB is
ubiquitinated by Cul-4A, with the consequent cell cycle
regulation of DDB2, which peaks at the G;/S boundary
(24,25). DDB1 also binds to several viral transcriptional
activators, including hepatitis B virus X protein (26-28) and
the V protein of paramyxovirus SV5, parainfluenza and
mumps and measle viruses (29).

DDB heterodimer is an abundant protein with an estimated
100 000 copies per HeLa cell (10). DDBI1 is mainly confined
to the cytoplasm in undamaged cells, while DDB2 is found
exclusively in the nucleus (8,30). After UV-irradiation,
mRNA and protein levels of DDB2 are increased 3- to
4-fold (8), while DDBI1 levels remain constant. The increase
in DDB2 results in the translocation of DDB1 to the nucleus
(30). Overall, current evidence suggests that DDB1 and DDB2
have multiple roles and that the subunits may function both
independently and as a complex.

In this study we have analyzed the transcription regulatory
region of the DDB1 and DDB2 genes to investigate whether
there is a common basal control of each. Transient luciferase
expression experiments identified core promoters that are
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normally thought to be associated with cell cycle-regulating/
regulated genes: no TATA box, a G/C-rich region, a NF-1
element and multiple Spl elements. An N-myc consensus
sequence was a critical determinant of DDB1 promoter
activity, whereas an active E2F element was revealed in the
DDB?2 promoter. The latter is intriguing in light of the known
interaction of DDB2 and E2F1 proteins (23). In general, these
results would support a role(s) for DDB1 and DDB2 in
functions other than DNA repair, since DNA repair is not
thought to vary within the cell cycle.

MATERIALS AND METHODS
Cloning of DDB1 and DDB2 genomic DNAs

Fragments containing ~5 kb of upstream genomic DNA were
isolated from a human chromosome 11 genomic library
(ATCC 57726). Briefly, the library was screened by a PCR-
based method described by Israel (31) and the DDB1 and
DDB2 fragments were subcloned into pBluescript SK
(Stratagene) to produce DDB1/pBS and DDB2/pBS, respect-
ively. Partial sequences were used to search the genomic
nucleotide databases using the NCBI BLAST server and the
BLASTN 2.2.3 program (32). All nucleotide numbering for
human DDB1 and DDB2 are referenced to the putative
transcription initiation sites (the 5’-end of the published cDNA
sequences: DDB1, U18299; DDB2, U18300) as +1. Mouse
DNA sequences were determined from a 129 SVJ genomic
library (Stratagene) for DDB1 and from a C57 BL/6 mouse
genomic library (a gift from Dr S. Aizawa) for DDB2.

Plasmid construction

Nucleotides 43-75 of the luciferase reporter plasmid pGL2-
Basic (Promega) were deleted to produce the GLfuse vector,
lacking a stop codon 5’ of the luciferase cDNA. The promoter
regions of DDB1 which were studied included most of the first
exon of DDBI1 (coding for amino acids 1-19) and were
inserted at the BgI/II site to produce an in-frame fusion of
DDB1(amino acids 1-19) to luciferase. The same strategy was
employed to produce a DDB2(amino acids 1-40)-luciferase
fusion construct. The DDB/pBS plasmids were used as
templates to engineer constructs containing varying lengths
of upstream putative promoter region, employing standard
PCR amplification and restriction digest protocols. Mutated
promoter constructions were produced utilizing a two-step
overlapping PCR method (33). All PCR amplified sequences
were verified by DNA sequencing.

Cell culture, transfection and promoter activity
measurements

HeLa S3 cells were grown in DMEM (Invitrogen) supple-
mented with 10% fetal bovine serum (Hyclone) at 37°C, 5%
CO.. Lipotransfection using log phase cells was performed
with the Fugene6 reagent (Roche Applied Science). For DDB1
and DDB2 core promoter analysis, HeLa cells (4 X 10°) were
seeded onto 60 mm plates and incubated for 24 h before
transfection with 1.2 pg (300 fmol) of test plasmid and 0.4 pg
of GL2-Basic plasmid. For analysis of DDB1(-2298), 1.4 ug
(270 fmol) of DDB1(-2298) test plasmid and 0.2 nug of GL2-
Basic plasmid were transfected, while 1.1 pg (270 fmol) of
DDB1(-370) plus 0.5 pg of GL2-Basic plasmid were used as a
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control transfection. To evaluate the DDB2(-5000) construct,
1.6 pg (225 fmol) of DDB2(-5000) test plasmid was
transfected, while 0.9 pug (225 fmol) of the DDB2(-250)
construct with 0.7 ug of GL2-Basic plasmid were used as a
control transfection. An aliquot of 0.4 pug of CH110 plasmid
(Pharmacia), which expresses B-galactosidase, was included
in all transfections as an internal control to standardize
transfection efficiency. For each transfection, 176 pl of
DMEM without serum, 20 pl of plasmids in 2 mM Tris—
HCI, pH 8.0, and 4 ul of Fugene6 were pre-incubated at room
temperature. After 1 h the DNA/lipofectin mixture was added
dropwise to the HeLa plates. The medium was not replaced
and cells were harvested 48 h post-transfection into 500 pu
of 1X reporter lysis buffer (Promega). Luciferase and
B-galactosidase activities were measured using the reporter
assay system as directed by the manufacturer (Promega). A
LS3800 Beckman-Coulter liquid scintillation counter was
used to measure luciferase activity. At least four extracts from
two or more independent transfections were evaluated for each
construct.

Identification of putative transcription factor-binding
sites

Potential core promoters were identified by the NIH Proscan
program (bimas.dcrt.nih.gov/molbio/proscan). This region
was further analyzed by TRANSFAC 4.0 (transfac.gbf.de/
TRANSFAC), using the Matlnspector V2.2 (34) and
PatSearch 1.1 (35) programs. Parameters for MatInspector
were set for 1.0 core (a 4 nt highly conserved sequence)
similarity and 0.85 matrix similarity, employing the verte-
brates matrix group. Settings for PatSearch of the Consensi
database were no core mismatches and 15% maximal flanking
mismatches.

RESULTS

The core promoter of DDBI1 is located within 292 bp
upstream of the putative transcription initiation site

Clones containing 6 kb of DDB1 genomic DNA were isolated
from an EcoRI-digested human chromosome 11 library and
the DDB1 fragment was subcloned into a pBluescript vector.
For all nucleotide numbering of DDBI1 in this study, the 5’-end
of the human DDB1 cDNA sequence (11) was designated as
the putative transcription initiation site at +1. Restriction
mapping, partial sequencing and subsequent database searches
with the BLASTN 2.2.3 program determined that the insert
contained DDB1 genomic sequence from approximately
—-5000 to +173 (the 3’-end of exon 1), plus 1123 nt of the
first intron. Nucleotides 83403—-88497 of the AC019071 contig
sequence corresponded to DDB1 —3798 through 1123 nt of the
first intron. Similarly, DNA was isolated from a mouse 129
SVIJ genomic library. Mouse DDB1 —808 through the first
674 nt of the first intron matched nucleotides 909608-911263
of the mouse mgscv3 genomic sequence of WGS supercontig
Mm19_WIFeb01_319.

Evaluation of promoter activity utilized a chimeric
promoter—reporter construct that included various DDBI1
upstream genomic sequences through nucleotide +169 of the
first exon. The DDBI1 sequence was placed in-frame with the
luciferase reporter cDNA, resulting in overexpression of a
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Figure 1. Transcription activities in log phase HeLa cells after deletions within the upstream region of the DDB1 gene. A series of 5’-unidirectional deletions
were fused in-frame with the luciferase reporter gene and analyzed by transient transfection as described in Materials and Methods. Luciferase activities were
normalized to B-galactosidase activity, which was also measured to control for transfection efficiency. Less than a 2-fold variation in transfection efficiency
was observed. At least four extracts from two or more independent transfections were evaluated for each construct. The construct number in parentheses indi-
cates the length of the tested promoter region upstream of the putative transcription initiation site (designated by the bent arrow at +1). Luciferase activity is
shown relative to DDB1(-292). Means and standard deviations are indicated to the right.

DDBI1(amino acids 1-19)-luciferase fusion protein in the
presence of an active promoter. Constructs containing DDB1
nucleotides —1154 to +169 and a series of 5" unidirectional
deletions were then created and the promoter activity of each
construct was analyzed by luciferase assays of extracts from
HeLa cells transfected with the construct. Activity was
standardized by determination of P-galactosidase activity
from co-transfected CH110 plasmid (Fig. 1).

Analysis of the sequence of DDB1 nucleotides —1154 to
+169 by the NIH Proscan program identified a potential core
promoter from —292 to —41, so the luciferase constructs of
varying lengths of upstream sequence were compared to
DDB1(-292) (Fig. 1). Promoter activity was stable unless
deletions were made 3’ of the DDBI1(-292) construct,
confirming that the core proximal promoter was located
within 292 bp upstream of the transcription initiation site.
Results from separate experiments were very reproducible, as
evidenced by moderate error bars. There was a progressive
loss of activity upon deletions 3’ of nucleotide —292 and
almost all activity was lost with the DDB1(-37) construct. The
region from -292 to —41 is G/C-rich (74%) and does not
contain a TATA box (Fig. 2).

A longer upstream DDBI1 sequence was also evaluated
(Fig. 1). Interestingly, promoter activity of the DDB1(-2298)
construct was 3-fold greater than that observed for the core
promoter plasmid, DDB1(-292), suggesting that an important
distal promoter is located within 2 kb of the putative
transcription initiation site.

Mutations in N-myc, Spl and NF1 elements reduced
DDBI1 core promoter activity

The region from nucleotides —292 to +169 was further
analyzed by the TRANSFAC 4.0 programs. The search
produced a large number of potential transcription factor-
binding sites. To limit the mutations to be tested, the human

nucleotide sequence of DDB1 was compared to the mouse
sequence. Although a high identity of 84% was found from
nucleotide —178 to +1 (Fig. 2), the number of potential
transcription factors to be tested was considerably reduced.

Based on the above information, mutant plasmids were
constructed in which 3—4 nt were changed to abolish potential
transcription factor-binding sites without creating new sites as
identified by TRANSFAC analysis (Fig. 3A). The effects of
these mutations on promoter activity are shown in Figure 3B.
Mutation of the N-myc-binding site (56 to —51) was most
dramatic, with only 23% of the promoter activity remaining.
Mutation of the Sp1#1 site (—123 to —115) was also significant,
reducing promoter activity by 46%. A mutation of the
potential Spl1#2 site at —143 to —135, which was not found
in the mouse sequence, also reduced promoter activity by
23%, but a double mutation of both Sp1 sites did not result in a
decrease greater than that found for the single Sp1#1 mutation.
On the other hand, a double mutation of the N-myc and the
Spl#1 sites reduced promoter activity to 11%, accounting for
almost all of the activity lost by the deletion of sequence
upstream of nucleotide —37 with the construct DDB1(-37)
(5%, Fig. 1). Mutation of a potential NF1 site (-104 to —92)
produced a moderate decrease to 70%. A double mutation of
the NF-1 and N-myc sites reduced promoter activity to 13%,
which was approximately the same effect as seen with double
mutation of the Spl#1 and N-myc sites. Although the
TRANSFAC search found a potential Lmo2 element in both
mouse and human, mutation of this consensus sequence did
not affect promoter activity (data not shown).

The core promoter of DDB2 is located within 220 bp
upstream of the putative transcription initiation site

Clones containing 6 kb of DDB2 genomic DNA were isolated
from a human chromosome 11 library and the DDB2 fragment
was subcloned into pBluescript plasmids. For all nucleotide
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Figure 2. Nucleotide sequence and potential regulatory elements of the pro-
moter region of the DDB1 gene in mouse and human genomic DNAs. The
consensus sequences of the potential transcription factor-binding sites are
underlined. Numbers in parentheses are the number of mismatches as evalu-
ated with the TRANSFAC database consensus sequence. Elements which
were tested, although not found in both mouse and human DNAs, are
marked by an asterisk. The putative transcription initiation site (+1) is
indicated by an arrow, and ATG is the translation initiation site.

numbering of DDB2 in this study, the 5-end of the DDB2
cDNA sequence (11) was designated as the putative tran-
scription initiation site at +1. Restriction mapping, partial
sequencing and subsequent database searches (BLASTN
2.2.3) determined that the insert contained DDB2 genomic
sequence from nucleotides approximately —5000 to +302, plus
1104 bp of the first intron. Nucleotides 75989-72478 in contig
fragment 19 of the ACO024045 sequence corresponded to
DDB?2 nucleotides —2105 to 1104 of the first inton. Similarly,
DNA was isolated from a C57 BL/6 mouse genomic DNA
library. Nucleotides 32389960-32389401 of the mouse
mgscv3 genomic sequence of the WGS supercontig Mm2_
WIFeb01_27 matched the mouse DDB2 sequence of 488 nt
upstream of the translation start site through 71 nt of the
protein coding region.

Evaluation of promoter activity utilized a chimeric
promoter—reporter plasmid that included various DDB2
upstream genomic sequences through nucleotide +295, with
the DDB2 coding region in-frame with the luciferase
sequence. A DDB2(amino acids 1-40)-luciferase fusion
protein was overexpressed in the presence of an active
promoter.
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Analysis of the sequence of nucleotides —1055 to +296 by
the NIH Proscan program predicted a core promoter from
—220 to +32. DDB2(-250) and a series of 5" unidirectional
deletions using DDB2(-250) as a template were then created,
and the promoter activity of each construct was analyzed by
luciferase assays of extracts from HeLa cells transfected with
the construct (Fig. 4). Unlike the case of DDBI1, promoter
activity was not completely lost by 5” deletion to the putative
transcription start site, suggesting that an important transcrip-
tion element could be located downstream of nucleotide +1.
Within the core promoter region, nucleotides —166 to —1 are
G/C-rich (77%) and no TATA box was identified (Fig. 5).

A longer upstream DDB2 sequence was also tested, but no
increase over core promoter activity was seen with the
DDB2(-5000) construct (Fig. 4).

Mutations of Sp1, NF-1 and E2F elements reduced
DDB2 core promoter activity

The region from nucleotides —220 to +176 was further
analyzed by the TRANSFAC 4.0 programs. As seen with
DDBI1, many potential transcription factor elements were
predicted. Whereas the DDB2 human and mouse nucleotide
sequences upstream of the putative transcription initiation site
have only isolated regions of homology, several potential
promoter elements were common to both (Fig. 5). However,
homology was too poor to designate a putative mouse
transcription initiation site by comparison to the human
sequence.

Based upon the above information, mutant plasmids were
constructed in which 3—4 nt were changed to abolish these
potential transcription factor-binding sites without creating
new sites (Fig. 6A). The effects of these mutations on
promoter activity are shown in Figure 6B. Mutation of the
Spl#1 site (-29 to -22) most drastically decreased
the promoter activity level to 17%, accounting for all of the
activity lost by the deletion of sequence upstream of
nucleotide —11 with the DDB2(-11) construct (15%, Fig. 4).
A smaller loss was observed for each of the three other Spl
sites, but double mutations of these with Spl#1 did not
significantly decrease activity below that seen with mutation
of Spl#1 alone. A mutation of the E2F site (+36 to +43)
decreased promoter activity to 74%, confirming the presence
of an important element downstream of the putative tran-
scription initiation site. A double mutation of Sp1#1 and E2F
resulted in no significant further reduction. Mutation of the
NF-1 site (—68 to —56) decreased promoter activity to 80%.

DISCUSSION

DDB is highly abundant in HeLa cells and binds to multiple
forms of DNA damage with high affinity in vitro, but the
question remains as to what purpose this strong DNA damage
recognition serves. Moreover, are there independent roles for
the individual subunits? In this report we have investigated the
basal control of the two DDB genes, and striking similarities
and differences in their transcription regulation have been
observed. The regions directly upstream of the DDBI1 and
DDB?2 transcription initiation sites are TATA-less and G/C-
rich and they each contain important Spl and NF-1
elements. These are common characteristics of promoters of
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Figure 3. Mutational analysis of putative proximal promoter transcription elements of the DDB1 gene. (A) The wild-type sequences that were analyzed by
mutation are shown with their nucleotide position in the DDB1 gene. The consensus sequences are shown above in parentheses, the DDB1 wild-type element
is underlined and mutations that were introduced are indicated below the wild-type sequence in bold. Mutations were introduced by overlapping PCR into the
DDB1(-370) plasmid. (B) Potential transcription elements that were mutated are indicated to the left and correspond to those in (A). X on the construct
schematic indicates the location of the mutation. The plasmids were transfected into log phase HeLa cells and luciferase activity was measured in cell extracts
and standardized to B-galactosidase activity, which was also measured to control for transfection efficiency. Less than a 2-fold variation in transfection
efficiency was observed. At least four extracts from two or more independent transfections were evaluated for each construct. Luciferase activity is shown
relative to the control wild-type DDB1(-370). Means and standard deviations are indicated to the right.
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Figure 4. Transcription activities in log phase HeLa cells after deletions within the upstream region of the DDB2 gene. A series of 5’-unidirectional deletions
were fused in-frame with the luciferase reporter gene and analyzed by transient transfection as described in Materials and Methods. Luciferase activity was
standardized to B-galactosidase activity to control for variations in transfection activity. Less than a 2-fold variation in transfection efficiency was observed.
At least four extracts from two or more independent transfections were evaluated for each construct. The construct number in parentheses indicates the length
of the tested promoter region upstream of the putative transcription initiation site (designated by the bent arrow at +1). Luciferase activity is shown relative to
DDB1(-220). Means and standard deviations are indicated to the right.
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Figure 5. Nucleotide sequence and potential regulatory elements of the
promoter region of the DDB2 gene in mouse and human genomic DNAs.
The consensus sequences of the potential transcription factor-binding sites
are underlined. Numbers in parentheses are the number of mismatches as
evaluated with the TRANSFAC database consensus sequence. Elements
which were tested, although not found in both mouse and human DNAs, are
marked by an asterisk. The putative transcription initiation site (+1) is
indicated by an arrow, and ATG is the translation initiation site.

housekeeping genes and cell
promoters (36-38).

Spl is a well-investigated factor that regulates transcription
through specific sequences in G/C-rich promoter regions and is
often critical for transcription initiation of TATA-less pro-
moters (39). In mammalian cells, promoters lacking TATA
boxes generally have several Spl elements (40). Spl is a
regulator of the cell cycle in G; phase (41). Four Spl
sequences were identified in the promoter of DDB2 and
mutation of Spl#l (-29 to -22), which is closest to the
transcription initiation site, most drastically reduced transcrip-
tion activity to 17%. Mutations of the other three Sp1 elements
resulted in more modest decreases of activity to 63-80%.
Double Spl mutations that included Sp1#1 did not decrease
activity below that observed with Sp1#1 alone. These findings,
combined with the fact that 5" deletion of the core promoter to
—11 produced 15% promoter activity, indicated that Sp1#1 is a
critical basal transcription factor element in the DDB2 gene.

cycle-regulated human
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In the DDB1 promoter, Spl elements were also found to be
essential for maximal activity, but less important compared to
their role in DDB2 transcriptional activation. Individual
mutations of the Spl consensus sequences, Spl#2 (—143 to
—135) and Sp1#1 (-123 to —115), reduced promoter activity to
67 and 54%, respectively. A double Spl mutation did not
reduce transcription below that found for Sp1#1 alone. Similar
to the Spl elements in DDB2, mutation of the Spl site in
closest proximity to the initiation site resulted in a greater
effect on promoter activity.

The myc family of proto-oncogenes, which includes mainly
c-myc, N-myc and L-myc, are central mediators of cell
proliferation (42,43). In DDB1 the N-myc site (56 to —51)
was identified as the critical promoter element. Mutation of
this site drastically reduced activity to 23%. A double
mutation with Spl#1 resulted in a further reduction to 11%,
not quite accounting for the loss of activity to 5% with 5
deletion of the core promoter to —37.

An E2F element was also identified downstream of the
putative transcription initiation site in DDB2. E2F elements
are often only functional when they are proximal to the
transcription initiation site (44). Mutation of this E2F
consensus sequence decreased promoter activity to 74%. A
double mutation of Spl#1 and E2F did not result in any
significant further reduction over that seen with Sp1#1 alone.
The E2F1-E2F6 family are transcription factors that form a
heterodimer complex with DP1-DP3. Overexpression of
E2F1-E2F3 activates many proteins which are regulated by
cell cycle progression (45). Spl and E2F1 have been observed
to form a functional complex in cell cycle-regulated tran-
scription (46,47). It also has been demonstrated that DDB2
protein alone can interact with E2F1, though both subunits of
DDB are required to stimulate E2F1-activated transcription
(23). Since E2F-controlled transcription appears to be a tightly
regulated system, it is feasible that the activation of DDB2
would be regulated by E2F, thereby determining the number
of DDB-E2F1 complexes present in the cell.

The mutation (+36 to +39) of the E2F consensus site also
deleted a putative p53 element, REhDDB2 (+8 to +38),
reported by Tan and Chu (48). While the search engines that
we used did not recognize this p53 site, our laboratory has
identified a second putative p53 site. However, no effect of a
pS53 element would have been detected in the system that we
employed to evaluate DDB2 promoter activity because, while
HeLa cells do produce p53 mRNA, p53 protein levels are
undetectable. HPV 18 present in HeLa cells produces active E6
that forms a complex with the ubiquitin ligase, E6AP, and
together they target p53 for degradation by proteosome
mechanisms (49). With regard to the putative p53-binding
site in the DDB2 promoter which is reported to be active in
human cells but not mouse cells, we do not believe that its
presence or absence from human cells would affect the results
of this study that concerns the basal levels of DDB2 under
promoter control. Contrary to misconceptions present in the
literature, mouse cells contain the same basal level of DDB
activity as do human cells (50).

The original intent of this undertaking was to explore the
regulation of basal transcription of the DDB genes. Essentially,
both the DDB1 and DDB2 promoters are typical of cell cycle-
regulated and housekeeping genes: TATA-less and G/C-rich,
with active Sp1 and NF-1 elements. In addition, DDB1 contains
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A Spi#4 Sp1#3 NF-1
(CCCGCCC) (CCCGCCe) (TTGGCNNNNNNCC)
-100 CCCGCCC -94 -75 CCGCCCC C -70 -68 TTGGCACCACCCC -56
-98 TGGT -95 72 TATG -69 -67 ATTC -64
Spi1#2 Sp1#1 E2F
(CCCGCC) (GRGGCRGG) (TTTSGCGC)

-44 CCCCGCC -39 -29 GGGGCGGG -22 +36 TTTGGCGG +43

-45 TTTG -43 -28  TTTG -25 +36 AGAA +39
B -250 +1

—
DDB2(-250) —  mEmE —— 1.00 +0.07
Spi#4 X ulerase = 0.80 +0.03
Sp1#3 —— X luciferase | 3 0.63 +0.01
- - X {_luciferase |
NF-1 ; 0.80 +0.01
—————X—{__luciferase |
Spi#2 = 0.73 +0.04
Sp1#1 e T 0.17 +0.02
E2F N - 0.74 +0.02
Sp1#1+Sp1#4 ———X—%—_luciferase | 0.16 £0.02
Sp1#1+Sp1#3 — XX mmmemse—{ __ 0.10 £0.02
Sp1#14Sp1#2— X Cclerase 0.21 £0.01
Sp1#1+E2F — XX lwlease— | | 014001
T T
0 0.5 1.0

DDB2 construct

Relative luciferase activity

Figure 6. Mutational analysis of putative proximal promoter transcription elements of the DDB2 gene. (A) The wild-type sequences that were analyzed by
mutation are shown with their nucleotide position in the DDB2 gene. The consensus sequences are shown above in parentheses, the DDB2 wild-type element
is underlined and mutations that were introduced are indicated below the wild-type sequence in bold. Mutations were introduced by overlapping PCR into the
DDB2(-250) plasmid. (B) Potential transcription elements that were mutated are indicated to the left and correspond to those in (A). X on the construct
schematic indicates the location of the mutation. The plasmids were transfected into log phase HeLa cells and luciferase activity was measured in cell extracts
and standardized to B-galactosidase activity, which was also measured to control for transfection efficiency. Less than a 2-fold variation in transfection
efficiency was observed. At least four extracts from two or more independent transfections were evaluated for each construct. Luciferase activity is shown
relative to the control wild-type DDB2(-250). Means and standard deviations are indicated to the right.

a critical proto-oncogene N-myc element, again implying that
DDBI is regulated during progression through the cell cycle.
Possibly most interesting was the finding that DDB2 has an
important E2F-binding site, suggesting a tightly controlled
regulation of the number of DDB-E2F1 complexes present in
the cell. It has been proposed that in undamaged cells the
association of DDB with E2F1 stimulates E2F1 transcription
activation of DNA replication genes and progression from G;
to S phase (23). However, after UV-irradiation DDB2 could be
bound to damaged DNA, decreasing the number of DDB
complexes formed, resulting in cell cycle arrest at the G/S
checkpoint. In any event, the apparent regulation of both
DDBI1 and DDB2 in a cell cycle-dependent manner lends
credence to a role for these proteins aside from NER.
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