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We describe here the identification and characterization of a
functional downstream element in the human adult b-globin
promoter. The existence of this element was indicated by two
mutations at 122 and 133 downstream of the b-globin transcrip-
tional start site in humans with b-thalassemia. In vitro transcrip-
tional analysis of these mutants, plus a third at 113, indicates that
all three decrease transcription from the b-globin promoter. Scan-
ning mutagenesis from 110 to 145 indicates that this region
contains a functional cis element(s) in vitro, and we designated this
element the DCE (downstream core element). The DCE functions in
concert with the b-globin CATA box and initiator element, as well
as in a heterologous, TATA-less context. A second set of mutants
indicates that a particular geometry of the DCE and core promoter
is necessary for promoter function. Lastly, DCE mutants show
reduced affinity for transcription factor IID (TFIID). These data
indicate that TFIID makes sequence-specific contacts to the DCE and
that TFIID binding is necessary for DCE function.

The focal point of eukaryotic transcriptional regulation is the
core promoter. Its integrity is required for the assembly of

the general machinery in response to a transcriptional activator.
The core promoter consists of several cis elements. The TATA
box, located approximately 30 base pairs upstream of the initi-
ation site, is thought to dictate the position of initiation in higher
eukaryotes (1). A second element, the initiator (Inr), is centered
around the transcription start site. The Inr, as exemplified by the
TdT Inr, was originally described in a TATA-less promoter,
where it establishes correct initiation in the absence of a TATA
box (2). Since the discovery of the TdT Inr, a variety of
promoters have been found to contain Inr elements, including
TATA-dependent promoters. Although the role of the Inr in the
presence of a TATA box remains to be fully defined, it appears
to contribute to the magnitude of transcription (1, 3).

Several examples of a third element, found downstream of the
transcriptional start site, have been reported. Regions down-
stream of transcriptional start sites that affect transcription were
first described in the adenovirus major late promoter, from 17
to 133 (4). A second report described a downstream region in
the human glial fibrillary acidic protein promoter extending from
110 to 150 (5). In the TATA-less TdT promoter, a downstream
region lies from 133 to 159, and its deletion resulted in a
reduction in transcription (2, 6). Burke and Kadonaga describe
detailed analysis of a downstream element identified in several
Drosophila and human TATA-less promoters. This element,
which is centered at 130, stimulates transcription and its func-
tion is redundant to a TATA box in a heterologous context (7,
8). The existence of downstream elements has also been inferred
from transcription factor IID (TFIID) footprints on various
promoters, extending 30–40 base pairs downstream of the
transcriptional start site (9–17), but it is unclear whether down-
stream protections reflect sequence-specific contacts (10).

Members of the TFIID complex have been shown to be
necessary for function of core promoter elements. Well docu-

mented is the interaction of the TATA box with TBP (18). Two
members of the TFIID complex, hTAFII250 and hTAFII150,
have been shown to interact with initiator and downstream
elements (16, 17, 19). Drosophila TFIID was found to footprint
the downstream promoter element (DPE), and mutations in the
DPE correlate with reduced TFIID binding. Furthermore, the
DPE can be crosslinked to two components of Drosophila TFIID
complex, dTAFII40 and dTAFII60 (7, 8).

Hemoglobin consists of a tetramer of two a and two b
polypeptides. The ratio of a and b chains must be precisely
balanced in red blood cells; imbalances result in human thalas-
semia disease. A variety of mutations in the b-globin gene
decrease expression of the b-globin protein, resulting in human
b-thalassemia. The free, excess a-globin protein precipitates in
erythroblasts and inhibits their maturation. This leads to ane-
mias of varying severity depending on the b-globin expression
defect. Some b-thalassemia disease mutations lie in the major
regulatory elements of the b-globin promoter: the CACC box,
the TATA box, and the initiator element. Point mutations in the
CACC box and TATA box typically show a reduction in b-globin
expression of 70–80% of wild-type levels (20).

Two uncharacterized b-thalassemia mutations lie in the b-
globin 59 untranslated region, at positions 122 (21, 22) and 133
(23) downstream of the b-globin promoter transcriptional start
site. One patient, heterozygous for a G-A transition at position
122, was described as exhibiting a typical b-thalassemia trait
(21). Ho et al. (23) reported four individuals heterozygous for a
C-G transversion at position 133. This mutation creates a site for
the NlaIV restriction enzyme and permits a semiquantitative
analysis of expression from the mutant and normal alleles. All
four individuals showed approximately 30% expression from the
mutant as compared with the normal allele.

The existence of these b-thalassemia mutations at 122 and
133 prompted us to ask whether they impair function of a
downstream element. Here we describe our characterization of
these mutations and the identification of a downstream core
promoter element (DCE). The DCE extends from 110 to 140,
functions in the context of the b-globin TATA box and initiator
element, and also functions in a heterologous, TATA-less con-
text. Spacing mutants indicate that a unique geometry of the
DCE is important for promoter activity. Lastly, gel shift analysis
of DCE mutants indicates reduced affinity for the human TFIID
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complex. This correlation indicates that TFIID binds to the DCE
in a sequence-specific manner and that TFIID, at least in part,
is necessary for promoter function via the DCE.

Materials and Methods
In Vitro Transcriptions. In vitro transcriptions and MEL nuclear
extracts were as described (24). Degradation assays were per-
formed as indicated below, and essentially as described (8).
Transcription reactions were incubated for 30 min at 30°C. At
this time, a-amanitin was added to 2 mgyml final concentration.
Transcription reactions were then stopped at the indicated time
points with the addition of stop buffer (24). All quantitations of
primer extension products were performed by using a Molecular
Dynamics PhosphorImager. All transcriptions were done at least
twice with separate nuclear extracts to ensure reproducibility.

AgaroseyTFIID Gel Shifts. Agarose gel shifts of TFIID were done
as described (12, 25). Purified HA-tagged TFIID and rTFIIA
(26) were incubated with either wild-type or mutant b-globin
promoter 32P-labeled probes. These 210-bp probes were gener-
ated by PCR using a 32P end-labeled primer. Thus, all probes had
the same specific-activity. Binding conditions and electrophore-
sis were as described (12). Gel shifts were done at least three
times to ensure reproducibility. Regression analysis of the tran-
scriptional data and TFIID binding data were done by using
Microsoft EXCEL. Transcriptional data for the plot was derived
from Figs. 2 and 5. TFIID binding data are derived from Fig. 6
A and B, with the exception of the 137y39 mutant (data not
shown).

Template Construction. b-globin promoter templates and mutants
were prepared as described (24). The scanning mutagenesis
templates in Fig. 2 were constructed by using a similar strategy
as in (24). The wild-type to mutant conversions are as follows:
110y12 TCT to AAA, 113y15 GAC to TTT, 116y18 ACA to
TTT, 119y21 ACT to GGG, 122y24 GTG to CCC, 125y27
TTC to AAA, 128y30 ACT to GGG, 131y33 AGC to TTT,
134y36 AAC to TTT, 137y39 CTC to GGG, 140y42 AAA to
GGG, 143y45 CAG to TTT. Spacing mutants were assembled
in a similar manner but with the insertion of a five base pair
sequence (TTTAA), starting at one of three wild-type promoter
sequence positions: 19, 119, or 129. The Sp1 templates were
constructed by inserting a double-stranded oligomer into the
SmaI site of pSp1 (2, 24). Sp1yb-globin Inr (bInr) has been
described in ref. 24. The Sp1ybInrDCE consists of b-globin
promoter sequence from 28 to 140. The Sp1ybInr DCE122
template contains the 122 b-thalassemia point mutation (21,
22). The Sp1y2,3DCE template contains the CA to GG double
point mutation at positions 12 and 13 (24).

Results
b-Thalassemia Mutations at 122 and 133 Are b-Globin Promoter
Defects. An advantage of studying mutations found in human
b-thalassemia is that their physiological significance is estab-
lished by the in vivo phenotype. The first experiments therefore
assayed the effects of these mutations in vitro. We incorporated
the 122 and 133 b-thalassemia mutations (21–23) into two
b-globin promoter templates for in vitro transcription assays. We
also incorporated a point mutation at 113 that showed a 40%
reduction in a transient transfection reporter assay in cells (27).
We compared the level of expression from these mutant pro-
moters to a fourth mutation serving as a positive control. This
template contains a b-thalassemia point mutation at 288 in the
proximal CACC box (28). The CACC box binds the erythroid-
specific transcription factor EKLF, which is required for b-
globin promoter activity (29–31). Expression from the 288
mutant promoter in vitro is 40% of wild-type activity (Fig. 1,
lanes 1 and 2; Table 1). Expression levels of the 113, 122, and

133 mutants are at 42, 57, and 50% of wild-type promoter
activity, respectively (Fig. 1, lanes 3–5 and 6 and 7; Table 1). The
approximately two-fold reduction is consistent with mild
b-thalassemia (21–23). Thus, the two b-thalassemia mutations at
122 and 133, and a third mutation at 113, affect transcription
of the b-globin promoter in vitro. Furthermore, these mutations
suggest the existence of an additional core promoter element(s)
downstream of the b-globin initiator element.

The Human b-Globin Promoter Contains a Core Promoter Element
Downstream of the Start Site of Transcription. To more accurately
define the region downstream of the start site, we constructed
b-globin promoter templates containing three base pair substi-
tutions (see Materials and Methods). For example, the 110y12
template has mutations at positions 110, 111, and 112. Fig. 2A
shows a representative assay, and Fig. 2B provides the quanti-
tation from three experiments. Transcription is reduced by most
of the mutations in the region from 110 to 145, as compared
with the wild-type bLONG template, with the exception of
140y42. The distribution of the effects of the mutations is
striking in that the maximal effects occur at 10 base pair
intervals, equivalent to one helical turn of the DNA. The most
drastic effects are at 113y15, 122y24, and 131y33, coinciding
with the positions of the two b-thalassemia mutations at 122 and
133. The scanning mutagenesis of the region from 110 to 145
revealed the existence of a functional downstream region that we
refer to as the DCE (downstream core element) and refer to the

Table 1. Relative transcription levels of templates in Fig. 1

Templates Relative transcription levels

bGH 1.0
288 0.42 (2)
bWT 1.0
113 0.42 6 0.07
122 0.58 6 0.22
bEXT 1.0
133 0.46 6 0.12

Fig. 1. b-Thalassemia point mutations downstream of the transcriptional
start site decrease transcription from the human b-globin promoter in vitro.
Lanes 1–7 are primer extension assays of in vitro transcriptions using various
b-globin promoter templates. The mutations are indicated above each lane.
The templates in lanes 1 and 2, 3–5, and 6 and 7 are based on three wild-type
promoter templates, bGH, bWT, and bEXT, extending to 118, 135, and 145,
respectively.
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three affected regions at 113y15, 122y24, and 131y33 as DCE
subelements.

It was possible that the effects observed were not caused by
changes in transcription. Instead, mutations in the DCE might
affect RNA stability in vitro because they are present in the RNA
transcripts. Therefore, to ask whether these mutations were
increasing the degradation of the transcribed RNA, we modified
the in vitro transcription assay. Transcription was permitted for
30 min, and then a-amanitin was added to prevent any further
transcription. Transcription products were assayed at various
time points (8). As shown in Fig. 3, no accelerated degradation
of 110y12, 122y24, or 131y33 transcripts was observed. In
addition, the 113y15 subelement shows similar kinetics (data
not shown). Thus, the mutations in the DCE affect the tran-
scriptional activity of the b-globin promoter rather than tran-
script stability.

The DCE Functions in a Heterologous Context and in the Absence of a
TATA Box. To further characterize the DCE and the promoter
context in which it might function, we placed the DCE in a
heterologous context. We based our analysis on the Sp1ybInr
template, which contains the b-globin Inr element (from 28 to
113 of the b-globin promoter) downstream of six Sp1 sites. We
previously showed that this template is accurately transcribed in
vitro (24) (Fig. 4, lane 1). Using the same Sp1 background
plasmid (2), we extended the region downstream of the initiator
element to 140 (Fig. 4, lane 2). The Sp1ybInr DCE template
showed a higher transcription level than the shorter Sp1ybInr
template (Fig. 4). Thus, the DCE appears to contribute to the
strength of a bInr-dependent template. To be certain that the
DCE functions in this context, we incorporated the 122

b-thalassemia mutation into the Sp1ybInrDCE template. In this
context, this mutation is more deleterious than within the
b-globin promoter, as transcription was reduced, in two exper-
iments, 3- and 8-fold (Fig. 4, lane 3). We also incorporated a
double point mutation at positions 12 and 13 in the bInr to ask
whether the DCE functions in the absence of the bInr. This
mutation completely destroyed bInr activity when assayed in the
context of the shorter Sp1ybInr template (24). As can be seen in
Fig. 4, lane 4, the DCE is at best capable of weakly initiating
transcription. Curiously, transcription is correctly initiated, sug-
gesting that, at some low level, the DCE can dictate an initiation
site. Clearly, however, the DCE can cooperate with the bInr
element to increase transcription in a TATA-less context.

SpacingyPhasing Mutants Severely Affect Transcription from the
b-Globin Promoter in Vitro. One interpretation of the scanning
mutagenesis is that the major activity of the DCE is derived from
three subelements, at positions 113y15, 122y24, and 131y33.
These subelements occur at roughly 10-base pair intervals, which
is equivalent to one helical turn of the DNA. To test whether the
spacingyphasing of the three subelements is important for
b-globin transcription, we made five base pair insertions at three
positions in the DCE. The three insertions, at 19, 119, and 129,
lie outside of the DCE subelements and serve to rotate one or
more subelements 180° relative to elements upstream of the
insertion (Fig. 5A). For example, the insertion at 19 (construct
5 1 9) flips the entire DCE relative to the other core promoter
elements upstream.

In vitro transcriptions using these three templates (Fig. 5B)
show that these mutations have drastic effects on b-globin
promoter activity. The 5 1 9 and 5 1 19 insertions completely
abrogate transcription (Fig. 5B) whereas the 5 1 29 insertion
shows 40% of wild-type activity. Although the transcriptional
start site appears to have shifted a short distance upstream, this
is attributable to the five-base pair insertion. This experiment
suggests that the spacing mutations affect transcriptional activity

Fig. 2. Scanning mutagenesis of the region downstream of the b-globin
initiator element indicates the presence of a downstream core promoter
element. (A) Representative in vitro transcriptional analysis of triplet muta-
tions from 110 to 145 of the b-globin promoter. The sequence of the
wild-type b-globin downstream region is indicated underneath the autora-
diograph. (B) Graphical presentation of the scanning mutagenesis. Bars indi-
cate the mean of three experiments with standard deviations indicated by
error bars.

Fig. 3. Degradation control assays indicate that DCE mutants do not signif-
icantly affect RNA stability. (A) Results of an in vitro transcription assay to
analyze RNA stability of various DCE mutants at times after the addition of
a-amanitin. (B) Graph of primer extension signal intensity relative to the 0 min
data point. Each mutant template was normalized to a relative transcription
level of 1. The data points in the graph are the mean of three experiments.
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by disrupting the spacing or geometry between the subelements
themselves andyor the upstream core promoter elements.

DCE Mutants Show a Reduced Affinity for the TFIID Complex. Prior
work demonstrated that TFIID footprints regions downstream
of the transcriptional start sites of several promoters (9–15). In
addition, the well characterized downstream region, the DPE,
has been shown to bind the Drosophila histone-like TAFs p42
and p62 (8). These data implicate a role of TFIID in downstream
element function and thus led us to assay whether DCE muta-
tions showed a reduced affinity for TFIID.

We performed agarose gel shift assays as described (25, 32) by
using recombinant TFIIA and HA-tagged HeLa TFIID. b-
globin promoter fragments from 2110 to 1100 were labeled and
amplified by PCR. As a positive control, we used a template
containing four mutations in the b-globin TATA box
(mCATAA). This mutation completely destroys transcription
from the b-globin promoter (ref. 24; data not shown) and, as
expected, does not bind the rTFIIAyTFIID complex. We as-
sayed the three mutants most severely affected transcriptionally
(113y15, 122y24, and 131y33; see Fig. 2) and another that was
mildly affected (137y39). As seen in Fig. 6A, rTFIIAyTFIID
complex binding to the three mutant subelements is reduced
(0.55 6 0.10, 0.63 6 0.14, and 0.70 6 0.08, respectively) relative
to the wild-type bLONG probe whereas the 137y39 mutant
DNA shows only a slight decrease in binding the TFIIAyTFIID
complex (0.93 6 0.07).

We next assayed the spacing mutants in Fig. 5 for TFIID
binding by agarose gel shift assays. Fig. 6B shows that TFIID
binding to all three spacing mutants is reduced. The 5 1 9 and
5 1 19 spacing mutants show no transcriptional activity and

binding activities of 0.43 6 0.10 and 0.35 6 0.08, respectively
(Fig. 6B). This remaining binding activity can be attributed to the
presence of the b-globin TATA box (CATA) and initiator
element. The 5 1 29 mutant’s transcriptional level is 40% of
wild-type bLONG template activity (Fig. 5) and its binding
activity 0.66 6 0.14 (Fig. 6B). These spacing mutants provide a
second set of DCE mutants that show both reduced promoter
activity and a reduced affinity for TFIID.

To establish whether any correlation existed between the
transcriptional activity of the various DCE mutants and TFIID
binding, transcriptional activity (Figs. 2 and 5) was plotted versus
TFIID binding activity (Fig. 6 A and B). The regression analysis
shows a precise linear correlation between transcriptional activ-
ity and TFIID binding (Fig. 6C). The P value for the analysis is
0.001 and shows that the correlation is highly significant. These
data indicate that TFIID interacts with the DCE sequence-
specifically and that there is a linear correlation between a
mutant’s transcriptional activity and its affinity for TFIID.

Discussion
We present here the detailed characterization of a functional
downstream region within a TATA- and Inr-dependent pro-
moter, which we refer to as the DCE, for downstream core
element. The existence of the DCE was suggested by two
mutations at 122 and 133 found in b-thalassemia patients, and
a third point mutation at 113 (21–23, 27). Incorporation of the
b-thalassemia mutations into promoter constructs led to de-
creases in transcription in vitro (Fig. 1). This interpretation was
supported by scanning mutagenesis of the DNA downstream of
the transcriptional start site, which revealed that positions 113,

Fig. 4. The DCE functions in a heterologous context to increase transcription
from a bInr-dependent template. Lane 1 is primer extension analysis of an in
vitro transcription assay using the Sp1ybInr described previously (24). The
correctly initiated transcript is indicated by the arrow to the left of lane 1 (24).
Lane 2 is an in vitro transcription assay using the longer Sp1ybInrDCE template
extending to 140. In two experiments, it was expressed 33 and 83 higher
than the Sp1ybInr template in lane 1. The template in lane 3 contains the
b-thalassemia mutation at 122, and lane 4 contains a double point mutation
in the bInr element (20). These templates are otherwise identical to Sp1y
bInrDCE in lane 2. The arrow to the right of lane 4 indicates the position of the
correctly initiated transcript.

Fig. 5. Five base pair insertions between DCE subelements severely disrupt
b-globin transcription in vitro. (A) Schematic diagram showing the design of
the spacing mutants. bLONG is the wild-type b-globin promoter. The three
subelements are as indicated using a black patch to indicate their orientation
relative to each other. The arrows indicate the position of the 5-bp insertion.
This position is also indicated in the name of each template (i.e., the 5 1 9
mutant has a 5-bp insertion starting at position 1 9 of the wild type promoter).
(B) In vitro transcriptional analysis of the spacing mutants. Wild-type and
mutant promoter templates were incubated with a MEL nuclear extract. The
resulting RNA product was detected by primer extension analysis, was run on
an 8% sequencing gel, and was autoradiographed.
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122, and 133 were part of a larger functional element with
maximal decreases in transcription at positions 113–15, 122–24,
and 131–33 (Fig. 2).

The DCE is functionally unique as compared with the only
other characterized downstream element, the DPE (7, 8). The
DPE is centered around 130 and requires a minimum of four
base pairs to function (7, 8). The DCE, however, extends over 30
base pairs and consists of three regions, or subelements, as
defined by scanning mutagenesis (Fig. 2). In addition, the core
promoter context within which the DCE and DPE function
differs. The DPE is redundant in the context of a TATA-
containing promoter (7). DPE function is only observed when
coupled to an initiator region. In contrast, the DCE functions in
its natural context in the presence of both a TATA box (albeit
a nonconsensus TATA box, CATA) and the bInr element (24)
(Fig. 2) and in a heterologous, TATA-less context (Fig. 4).

Hence, the DCE appears to be much more flexible with regard
to the context in which it can function.

Prior evidence indicates that the TFIID complex footprints
and can be crosslinked to DNA downstream of the transcrip-
tional start site of several promoters (7–15, 17, 33). These data
prompted us to test for a disruption of TFIID binding to various
DCE mutations (Fig. 6). We began with the hypothesis that the
b-globin core promoter represents five TFIID binding sites: the
CATA box, the bInr element, and the three DCE subelements.
Second, considering the mild effects of the DCE scanning
mutagenesis (Fig. 2), it was presumed that any loss of TFIID
binding would be of a similar magnitude. TFIID gel shift analysis
of the three DCE subelements (113y15, 122y24, and 131y33;
Fig. 2) indicated that this was indeed the case (Fig. 6A). Because
the two spacing mutants, 5 1 9 and 5 1 19, showed the most
severe transcriptional defect, we expected those mutants to show
a further reduction in TFIID binding. From Fig. 6B, it is apparent
that the 5 1 9 and 5 1 19 spacing mutants bind TFIID at
approximately 40% of the wild-type promoter. Residual binding
activity is attributable to TFIID binding to the CATA box and
bInr element. Regression analysis of the relationship between
the transcriptional activity of the DCE mutants and their TFIID
binding activity revealed a statistically significant, linear corre-
lation between the two (Fig. 6C). The analysis also suggests that,
for any DCE mutant having no transcriptional activity, a TFIID
binding activity of 40% of wild-type would be anticipated. This
is consistent with our interpretation that residual binding is
attributable to the CATA box and bInr element. These data are
consistent with work by others showing that TFIID binding is
required for the function of the downstream elements in the
hsp70 promoter, the adenovirus MLP, and the DPE (7, 8, 14, 15,
19). The residual 40% binding of TFIID to the transcriptionally
inactive 5 1 9 and 5 1 19 mutants is similar to the 35% binding
of TFIID to a TATA-Inr template that was not transcribed
because of a mutated Inr element (12). The existence of multiple
subelements is also consistent with data showing a progressive
decrease of TFIID binding to a series of deletions 39 to the
Drosophila hsp70 start site (34).

We suggest that the DCE, along with the CATA box and bInr,
serves as a TFIID binding site. This combination of elements
serves to maximize TFIID stability on the promoter, thereby
contributing to promoter strength. Scanning mutagenesis sug-
gests that these are sequence-specific contacts. Maximal de-
creases in transcription occur at approximately 10-base pair
intervals, equivalent to one helical turn of the DNA. Thus, the
three subelements at 113y15, 122y24, and 131y33 may lie on
the same ‘‘side’’ of the helix. This spacing is reminiscent of the
nucleosome structure in which the DNA makes contacts every 10
base pairs as it wraps around a histone H2AyH2B andyor H3yH4
heterodimer (35). As such, these DCE contacts may be mediated
by a histone-fold containing TAF (36–38). In addition, the
spacing mutants (Fig. 6) imply that the geometry between the
DCE and the CATA boxybInr is essential for promoter function.
We suggest that there is a distinct core promoter architecture
consisting of the DCE, bInr element, and b-globin CATA box
and TFIID. This architecture is partially dictated by sequence-
specific contacts in the DCE. Although these DNA contacts are
sequence-specific, it is possible that they may not reflect a
proteinybase interaction. Instead, a particular sequence may
induce a DNA structure (for example, a bend) that is recognized
by TFIID. Possible proteins mediating these sequence-specific
contacts include the histone-fold TAFs, TAFII250, and
TAFII150, all of which have been shown to interact with down-
stream element DNA (7, 8, 16, 17, 19)

The existence of a downstream element in a promoter con-
taining a TATA box and initiator is perhaps counter to a
conventional view of core promoters. Initiators and downstream
elements help to account for the activity of TATA-less promot-

Fig. 6. The TFIID complex shows a reduced affinity for DCE mutants; a linear
correlation exists between DCE mutant transcriptional activity and TFIID
binding activity. Binding of DCE mutants (A) or the spacing mutants (B) to
TFIID was assayed by agarose gel electrophoresis using rTFIIA and immuno-
purified HA-tagged HeLa TFIID. The arrow indicates the position of the
rTFIIAyTFIID complex. Free probe runs at the bottom of the gel. Probes extend
from 2110 to 1100 of the b-globin promoter and were PCR amplified by using
a 32P-labeled 2110 primer to ensure that all probes had the same specific
activity. Quantitation under each lane is relative to the wild-type bLONG
TFIIAyTFIID complex and represents the mean of three to five experiments. (C)
Regression analysis of the relationship between the transcriptional activity
of the DCE mutants (113y15, 122y24, 131y33, and 137y39 in Fig. 2),
and the spacing mutants (Fig. 5), and their respective abilities to bind TFIID
(Fig. 6 A and B).
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ers, yet the b-globin promoter already has a TATA box and Inr.
One explanation is that the DCE simply contributes to the
strength of the b-globin promoter. A requirement for the DCE
may reflect the relative weakness of the b-globin nonconsensus
TATA (CATA) box and weaker Inr element (24). In support of
this, preliminary data indicates that DCE mutants are defective
in the formation of preinitiation complexes and are slower to
reinitiate (B.A.L., unpublished data). TATA box mutants exhibit
identical properties of preinitiation complex formation and
reinitiation (39), thereby suggesting a similar role of TFIID in
DCE function. It will be interesting to ascertain whether other
downstream regions define other types of downstream elements
or whether they fall into the DCE or DPE class of downstream
elements. A second explanation is one of specificity. The DCE
and DPE represent two classes of downstream elements both in
terms of sequence and function. This is in contrast to the
apparently ubiquitous TATA box and initiator elements and
raises the question of whether downstream elements confer a
specificity to the promoter that is not supplied by other core
promoter elements. Consistent with this is data showing that
hTAFII250 (and the yeast homologue TAFII145) and hTAFII150

play a role in core promoter selectivity and downstream element
function (40, 41).

Several conclusions emerge from this study. First, seemingly
small changes in the transcription levels of a promoter may have
significant in vivo effects. Second, downstream elements differ
with respect to sequence and functional properties. These dif-
ferences may have important consequences in promoter regu-
lation and specificity. Third, TFIID binding to the DCE may
account for DCE function. It will be important to show how
TFIID can mediate both DPE and DCE function. Finally, this
work elucidates the emerging complexity and significance of
core promoters and their role in vivo.
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