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ABSTRACT 
 
The first step in the generation of the amyloid-β peptide (Aβ) deposited in the brains of patients 
with Alzheimer’s disease (AD) is the processing of the larger Aβ precursor protein (APP) by an 
integral membrane aspartyl protease named the β-site APP-cleaving enzyme (BACE). We 
present the genomic organization of the BACE gene. BACE mRNAs are synthesized as nine 
exons and eight introns from a 30.6 kb region of chromosome 11q23.2−11q23.3. Regulation of 
BACE may play an important role in regulating the levels of Aβ produced and is therefore likely 
to play an important role in AD. Herein, we report the cloning and detailed analysis of 3765 
nucleotides of the promoter region of BACE and 364 nucleotides of the 5′ untranslated region of 
the BACE mRNA (5′ UTR). Characteristic “CAAT” and “TATA” boxes are absent within 1.5 
kb of the transcription start site (TSS). The promoter region and 5′ UTR contain multiple 
transcription factor binding sites, such as activator protein (AP)1, AP2, cAMP response element 
binding protein (CREB), estrogen responsive element (ERE), glucocorticoid responsive element 
(GRE), “GC” box, nuclear factor (NF)-κB, signal transducer and activator of transcription 
(STAT)1, stimulating protein (SP)1, metal-regulatory elements, and possible Zeste binding sites. 
Limited interspecies similarity was observed between the human sequence and corresponding 
genomic DNA from the rat and mouse sequences, but several transcription factor-binding sites 
are conserved. Thus, the BACE gene contains basal regulatory elements, inducible features and 
sites for regulated activity by various transcription factors. These results identify the important 
regions for functional analysis of the binding domains and neuron-specific expression (1). Such a 
study will allow us to further examine the possible role of changes in the promoter of BACE in 
AD pathogenesis. 
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he amyloid plaque that is invariably deposited in Alzheimer’s disease (AD) is composed 
of an ~42-amino acid peptide (amyloid-β peptide, Aβ), which is derived by cleavage of 
the larger Aβ precursor protein (APP) by proteases referred to as β and γ secretase (2). β-

Secretase cleaves APP on the amino side of Aβ, producing a large secreted derivative (sAPPβ) 
and an Aβ-bearing C-terminal fragment (CTFβ) of 99 amino acids that is subsequently cleaved 
by γ-secretase to release Aβ. CTFβ accounts for <10% of the cleaved APP. However, APP is 
primarily processed within the Aβ sequence by the alternative α-secretase pathway to a large 
secreted fragment (sAPPα) and a C-terminal fragment of 83 amino acids (CTFα). The vast 
majority of Aβ secreted by the brain ends at amino acid 40 (Aβ 40) but ~10% is the longer Aβ 
42 found in amyloid deposits. The combination of the limiting β-secretase processing (<10%) 
and Aβ 42-specific γ-secretase processing (<10%) makes Aβ 42 a minor product of APP 
metabolism, accounting for <1% of synthesized APP. However, studies on familial forms of AD 
(FAD) have demonstrated that Aβ 42 consistently increases in the families carrying the 
mutations. This has led to the amyloid hypothesis, which states that Aβ forms toxic aggregates 
that accumulate in AD and trigger the observed neurodegeneration and progressive dementia (3, 
4). 

The first posttranslational step in the generation of Aβ is the processing of APP by β-secretase to 
sAPPβ and CTFβ. Because <10% of APP is processed by this pathway, it is a rate-limiting step 
in the biogenesis of both Aβ 40 as well as Aβ 42 (5, 6). An FAD mutation on APP that replaces 
wild-type amino acids KM flanking the N-terminal end of Aβ with NL invariably increases the 
fraction of APP processed by β-secretase and increases Aβ 40 as well as Aβ 42. Thus, the 
enzyme β-secretase appears to play a key role in the pathogenesis of AD and is an important 
therapeutic target for lowering Aβ. 

β-Secretase was identified by five groups as a novel membrane-bound aspartyl protease and is 
also called as the β site APP cleaving enzyme 1 (BACE1) or membrane aspartyl protease 
(Memapsin2) (7−11). These early studies demonstrated that BACE expression was primarily in 
the brain and the pancreas and was very low in other tissues. Furthermore, they determined that 
BACE was primarily located in the Golgi and endosome compartments, where APP processing 
to sAPPβ and CTFβ was previously mapped. Although a homologue of BACE1, called BACE2, 
was identified by bioinformatics almost immediately after the discovery of BACE1, knockout 
mice lacking BACE1 show a complete loss of β-secretase activity, indicating that BACE1 is the 
major, if not only, β-secretase responsible for Aβ production in the brain. Moreover, because 
BACE1 expression is limited to neuronal cells, Aβ production is well correlated with BACE1 
expression (12). (Unless stated otherwise, BACE1 is referred to as “BACE” in the remainder of 
this report.) 

This neuron specificity in expression as well as potential for the regulation of Aβ levels by 
regulation of BACE expression have led us to undertake a detailed analysis of the human BACE 
transcriptional unit. Herein, we report the cloning and detailed analysis of 3765 bp of the 
promoter region of the human BACE gene and 364 bp of the 5′ untranslated region of the BACE 
mRNA (5′ UTR). 

T 
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MATERIALS AND METHODS 

Isolation of the human BACE promoter-containing (BACEP) genomic clones 

To amplify the human BACE 5′ flanking DNA, we performed a basic local alignment search tool 
(BLAST) (13) search of the high-throughput genome sequencing (HTGS) database against the 5′ 
end of BACE cDNA (GenBank accession number BC036084) (14). Initial studies identified an 
unordered sequence of genomic sequences, which were obtained in two BAC clones, CMB9-
8M6 and RP11-794I-11. By aligning the two sequences against the BACE cDNA, we were able 
to align CMB9-8M6 with nucleotides 715–805 of the BACE cDNA clone. Because the databases 
were being constantly expanded, we repeated the search several times and identified RP11-
677N11 (GenBank accession number AP003731), a BAC clone of chromosome 11, with the 
BACE sequence that lined up with the 5′ UTR region of the BACE cDNA starting from DNA 
base 9. Based on the sequence surrounding the 5′ region of the BACE gene, we designed several 
primers for amplification of the putative promoter (summarized in Table 1). Using the primers BACE1F 
(GGAATTCAGATCTTTGTTAGGGAGGTCTTCTTC—underlined bases indicate BglII site used in 
later cloning) and BACE1R (GGAATTCGTCGACTGGTGGCTTCTCAGGAGAG—underlined bases 
indicate SalI site used in later cloning) and the Failsafe PCR kit (Epicentre, Madison, WI), we 
successfully amplified a 2.4 kb fragment containing the BACE promoter region in one of the 
buffer systems (buffer K) provided (Fig. 1). We further optimized this system by gradient PCR 
to obtain an optimum yield of the PCR product tagged with a BglII site on one side and a SalI 
site on the other. 
 
Cloning of the BACEP fragment into SEAP-based vector 
 
The promoter sequence was unidirectionally subcloned into a promoterless secreted alkaline 
phosphatase (SEAP) reporter pBL12/PL/SEAP vector (15) to produce plasmid p2.4BACE-SEAP 
(Fig. 1). This construct was transiently transfected into Chinese hamster ovary (CHO), human 
embryonic kidney (HEK293), and rat N2A cells. The activity obtained was detectable but very 
low compared with the cytomegalo virus (CMV) promoter-driven SEAP-positive control. To further 
extend this promoter, we added a BglII site at the 5′ end and PCR-amplified an overlapping region at the 
N-terminus using primers BACE2F (GAATTCAGATCTCTCACTGCAACCTCTATCTC) and 
BACE2R (GAAAGCAAAGGAATCATTAG). The PCR product of 2.2 kb was digested with AatII and 
BglII and inserted into the AatII/BglII sites of p2.4BACE-SEAP to produce p4.1BACE-SEAP (Fig. 1). 

Large-scale plasmid DNA amplification and purification 

Plasmid DNA was prepared and purified by the Genelute Plasmid Maxi-Prep (Sigma, St. Louis, 
MO) kit as per the manufacturer’s instructions. RNA-free plasmid DNA was used for restriction 
enzyme digestion, subcloning, sequencing, and transfection in different cell lines. 

DNA sequencing 

The 5′ flanking region of the BACE gene (4.1 kb) in plasmid p4.1BACEP-SEAP was sequenced 
via primer walking strategy using synthetic oligonucleotides either in sense or antisense 
orientation (Table 2). The sequencing strategy for the entire region has been summarized in 
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Figure 4. DNA sequencing was performed by BigDye cycle sequencing and read on the ABI 
3700 (Applied Biosystems, Foster City, CA). 

Analysis of DNA sequence 

The sequence was assembled with the BioEdit package (16) and separately by the CAP Sequence 
Assembly Machine (17). Both assemblies were in agreement with each other. The contig 
generated was used for further analysis. The sequence was examined with the TESS utility (18) 
and MatInspector (19) for possible transcription factor binding sites and was likewise used for 
BLAST probing of GenBank (13) and examined with the EMBOSS analysis suite (20) for 
repeats. The BACEP sequence was also aligned by ClustalX 1.8 (21, 22) with rat and mouse 
genomic sequences 4.1 kb upstream to the translation start for these species’ respective BACE 
genes (14), and ClustalX or BLAST was also used to generate alignments of internal repeats. 

RESULTS 

Molecular cloning of the BACE promoter region 

The BACE-containing BAC clone RP11-677N11 was identified by BLAST searching of the 
RP1146 human genomic library, and the BACE promoter was PCR-amplified with either 
oligomers BACE1F and BACE1R or BACE2F and BACE2R (Table 1; Fig. 1). Two clones of 
different sizes were further analyzed. The larger clone, p4.1BACEP-SEAP, contained a 4.1 kb 
fragment of the BACE 5′ flanking region. The smaller clone, p2.4BACEP-SEAP, contained a 2.4 
kb fragment of the BACE 5′ flanking region that was coterminous at the 3′ end with the 4.1 kb 
fragment. Restriction enzyme digest and DNA sequencing (Fig. 5) (GenBank accession number 
AY542689) have permitted the construction of a partial restriction enzyme map for the sequence 
(Fig. 2). 
 
Genomic organization of BACE: structure of intron-exon regions 

Reported BACE cDNA clones were either ~2.5 kb or 5.9 kb long. BLAST alignment of the 
BACE cDNAs reveals that these clones vary in the length of their 3′ UTR. The two BACE 
mRNAs are synthesized as nine exons and eight introns from a 30.6 kb region of chromosome 
11q23.2-11q23.3 (Fig. 2). Additional introns were not observed in this region of BACE. 
However, note that a third mRNA has been seen in Northern blots of BACE (8, 10). Search of the 
EST database suggested that longer cDNAs exist that terminate further to the 3′ end of the 
genomic sequence, although boundaries have not been defined. The presence of multiple 
mRNAs that terminate at different sites is considered to be due to different possible 
polyadenylation sites being processed. (8, 10) 

In addition to BACE proteins of 501 amino acids, three alternatively spliced forms of BACE of 
432, 457, and 476 amino acids have also been described in literature. These forms arise by 
alternative and adventitious splicing of exons 3 and 4 and deletion of 25, 44 or 69 amino acids 
between the two conserved active site domains of BACE. These alternatively spliced BACE 
forms were previously found to be inactive against the APP substrate (23). 
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The boundaries and sizes of the nine coding exons are highly conserved, as would be expected, 
between mice and humans. In contrast, there is greater variation in the size of introns (Table 3), 
as routinely observed for several other genes. Notably, the first intron is quite large (13.6 kb in 
mice and 18.6 kb humans). Brief analysis of the first intron for possible transcription factor 
binding sites with TESS and MatInspector reveals thousands of possible sites, including nearly 
1200 putative sites shared with the BACE promoter region. Notably, the intron has at least five 
predicted ORFs, two in forward and three in reverse orientation. One of these putative ORFs has 
a predicted 72% homology with a 375 amino acid segment of human neuronal thread protein 
(data not shown). Furthermore, compared with a 5′ UTR of 446 bp, the 3′ UTR is very large in 
both mice (2148 bp) and humans (3880 bp) (Table 3). 

Transcription start site 

The BACE open reading frame (ORF) is synthesized in mRNAs that fall into two size categories 
2.2–2.5 kb (8, 24) and 5.9 kb (9). Among the multiple cDNAs cloned and sequence reported in 
literature, three presented the sequence starting from its 5′ UTR (8, 9, 24). These clones begin 
449, 452, or 457 bp from the translation start site. BLAST search of the EST library available at 
NCBI revealed no longer clones. This suggests that the TSS is 457 bp from the translation start 
site and is the convention for determining the +1 position in this report (Fig. 2B). Note that while 
we were preparing this report, primer extension experiments have indicated that an additional 
TSS may exist 691 bp upstream of the initial “ATG” codon (25). 

Chromosomal localization and genomic alignment 

MegaBLAST database search of the GenBank human genomic sequence (NCBI Build 34) with 
the BACEP sequence as a probe demonstrated matches with the previously published human 
BACE mRNA (8) and with human chromosome 11q clones CMB9-94B1 (GenBank accession 
number AP000892) and CTD-2336M4 (GenBank accession number AP001822). Genomic 
MegaBLAST against the human genome placed the sequence at the complement of positions 
20730273–20734562 on chromosome 11 and between chromosome bands 11q23.3 and 11q23.2 
(Fig. 3). A 163 bp region from the GenBank human BACE genomic sequence is not found in our 
BACEP sequence. Eleven substitutions and two single-base insertions also appear in our 
sequence in comparison with the genomic sequence (Table 4). None of these single-base 
differences correspond to previously characterized SNPs. Alignment with the “variant a” 
prototype GenBank mRNA sequence (GenBank accession number NM_012104) revealed that 
the BACEP sequence ends 81 bp upstream of the human BACE gene “ATG” translation start 
(Fig. 2B). While this paper was in preparation, a shorter segment of the BACE gene 5′ flanking 
region has been published (25) with which our BACEP sequence has 98% homology (Table 4). 
 
Structural characterization of the 5′ flanking region 

A total of 4129 bp of BACE 5′ flanking promoter containing DNA was sequenced, including the 
majority of the 5′ UTR and the region’s characteristics were mapped (Fig. 4 and 5). The 5′ end of 
the sequence has one tandem repeat of two 159 bp segments with 84% mutual homology (Fig. 
6A); the sequence also has an inverted repeat of two 274 bp segments with 85% mutual 
homology, separated by 1.8 kb of sequence (Fig. 6B). The upstream portion of this inverted 
repeat also takes part in a triple direct repeat, which has 74% homology over aligned length. 
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Each element of this triple repeat is also part of an inverted repeat with a 271 bp segment near 
the 5′ end of the BACEP sequence. The homology of this quadruple repeat is 67% (Fig. 6C). 
Analysis of the entire BACEP region revealed an overall GC content of 47%. A 50 bp running 
average of GC content varies between 14% and 90% along the length of the sequence, reaching 
maximum levels at the 3′ end of the sequence (Fig. 7). 

Transcription factor binding sites 

Whereas TATA-like sequences appear in the far-upstream region of the sequence, canonical 
“CAAT” and “TATA” boxes are not found within 1.5 kb of the TSS (Fig. 5). Sequence analysis 
of the promoter region and 5′ UTR reveals the presence of multiple potential transcription factor 
binding sites. In the 5′ UTR (+1 to +364), one ACE-like sequence (26), three activator protein 
(AP)2 sequences, one AP4 sequence, one apolipoprotein AI regulatory protein (ApoAI RP)-1 
sequence, one hypoxia-inducible factor helix-loop-helix region (bHLH) site, four GC boxes, two 
IL-6 responsive element sequences, one olfactory neuron-specific factor (ONSF) sequence, and 
eight stimulating protein (SP)-1 binding sites are found (Table 5). The immediate promoter 
region and 5′ flanking region (−3765 to −1) has, among other sites, one ACE-like sequence; one 
each of AP1, -2, -3, and -4 sequences; one ApoAI RP sequence; two bHLH sites; one 
CCAAT/enhancer-binding protein (C/EBP) site; one cAMP response element binding protein 
(CREB) site; more than 30 possible GATA binding sites; one GC box; two glucocorticoid 
receptor sites; one hypoxia-induced factor (HIF) site; three heat shock factor (HSF) sequences, 
thirteen octamer-binding sites; four potential NF-κB sites; two progesterone response element 
sites; four sites involved in retinoic acid recognition; eight Smad3 binding sites; one upstream 
stimulatory factor (USF) site; and eleven putative Zeste binding sequences (Table 5). 

Comparison of DNA sequence among species 

Comparing the human sequence with the corresponding genomic DNA from the rat and mouse 
sequences showed varying amounts of interspecific similarity, approaching or exceeding 90% 
within ±100 bp of the TSS but rapidly falling to <50% for most of the sequence before −150 bp, 
although there is a brief segment of >80% homology between −2000 bp to −1850 bp (Fig. 8). 
This suggests that the region from −150 bp and downstream may play an important role in BACE 
gene expression and that it could be regarded as a common proximal region for all mammalian 
BACE genes. 

The 163 bp gap found when aligning the BACEP sequence with the human genomic sequence 
did not appear when aligning BACEP with mouse and rat genomic sequences. Further 
investigation revealed that this 163 bp segment has no homologue in the rodent sequences, as a 
gap of the same length appears in the same location when aligning mouse and rat genomic 
sequences from the database-derived human genomic sequence (data not shown). Several of the 
putative transcription factors found by TESS search of the human BACEP sequence also turned 
up in mouse and rat sequences, notably, AP2, a sequence similar to copper-responsive element-
binding sequence (CLS), CREB, MZF1, GATA bindng factor (GATA)-1, SP1, and USF. The rat 
BACE sequence also preserves an upstream inverted NF-κB binding site in a location similar to 
the human sequence (Table 6). 
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DISCUSSION 

The first and rate-limiting step in APP processing to Aβ is cleavage by BACE at the N-terminal 
end of the Aβ sequence to produce CTFβ of 99 amino acids (27). This cleavage occurs 
preferentially in neurons and accounts for only a small fraction of processed APP. However, Aβ 
accumulates to very high levels in the AD brain and apparently plays an important role in its 
pathogenesis (3). Consistent with its expression in the brain, BACE mRNA is preferentially 
expressed in neurons and in the pancreas (8). Thus, BACE is an important target for drug 
development and for understanding the processing of APP and brain-specific deposition of the 
Aβ  peptide. In addition to this protein, a homologue known as BACE2 (ALP56, DRAP) has also 
been discovered. This gene is on region of chromosome 21 critical for Down’s syndrome (DS) 
(28). BACE2 is not measurably expressed in brain tissue (29) except in the brains of those with 
DS (30), and its primary physiological activity is currently uncharacterized, although it may play 
a role in amyloid myelopathies (31, 32). 

Characterization of the 5′ flanking region of the BACE gene as reported herein is important to 
understand its expression in different cell types and brain tissue regions. For this, we isolated the 
BACE genomic clone by screening a large RP1146 (BAC-based) genomic library. We used the 
published 5′ UTR sequence of BACE mRNA (8) to probe the human genomic sequence database 
(14) and observed matching sequences on chromosome 11. Structural characterization of the 5′ 
flanking region of the BACE gene was carried out by DNA sequencing, which reveals several 
interesting features. 
 
DNA sequencing reveals that our clone consists of 4129 bp region, including the majority of the 
5′ UTR as determined by comparison with published mRNA sequences (GenBank accession 
number NM_012104) and with primer extension experiments (25). The proportion of GC-
enrichment varies between 14% and 90% along the length of the sequence, reaching maximum 
levels at the 3′ end of the sequence. Notably, we observed a 163 bp gap in our BACEP sequence 
in comparison with the human genomic sequence. Alignment with the published mRNA 
sequence revealed that the BACEP sequence ends 81 bp upstream of the human BACE gene 
“ATG” translation start. It displays characteristics of a housekeeping gene. For example, 
canonical “CAAT” and “TATA” boxes are not found within 1.5 kb of either possible 
transcription start site, a trait that is very similar to the APP promoter in many species (33–35). 
The promoter region and 5′ UTR contain multiple potential transcription factor binding sites, 
including AP1, AP2, one GC box, and ten SP1 binding sites in the 5′ UTR as well as a CREB-
binding site, a glucocorticoid receptor binding site, and possible Zeste binding sites upstream of 
the TSS. We also detected NF-κB and several potential CLS sites in the promoter. Of particular 
note, three putative GATA-1 sites were found in the 5′ UTR at locations homologous to those 
found in the rat promoter (36). For two of these sites in the rat sequence (homologous to 
sequences beginning at +222 and +327 in the BACEP sequence), it has been shown that deletion 
will increase expression in a reporter assay (36), although this is yet to be repeated for the human 
sequence. 
 
An active SP1 site has been experimentally identified and characterized in the human BACE 
promoter (25). This sequence begins in our BACEP sequence at −1158. Our sequence differs 
from the characterized SP1 sequence by only a single G→A transition (“GGGCGG” vs. 
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“GGGCAG”), and flanking regions are 98% homologous within 50 bases of either side of the 
site. Therefore, the previously reported SP1 activity is consistent with our sequence. 
 

Overall, the implication of our studies related to expression and regulation of the BACE gene 
should be considered in the following perspective. BACE is the first enzyme that has been 
clearly identified as one of the secretases involved in the processing of APP in the mammalian 
brain. It is present in large quantities in the neurons. Like APP, BACE is a type I integral 
membrane glycoprotein. The BACE protein has a signal sequence, followed by a short 
prodomain, a catalytic domain, a single transmembrane domain, and a short cytoplasmic tail; the 
prodomain of BACE can be cleaved by furin in the secretory pathway (7). It is unlikely that 
BACE evolved primarily to make the potentially pathogenic Aβ peptide; it may have some other 
physiological function(s). This possibility is now strengthened by our results showing that the 
structure of BACE promoter resembles with that of a housekeeping gene because it lacks the 
characteristics of type II promoter, such as “CAAT” and “TATA” boxes, within 1.5 kb of the 
TSS. 

We determined that region of greatest homology with characterized BACE promoter regions of 
other species begins around −150, which agrees with previously published results (36). In 
addition, we determined some homology upstream of previously published alignments, 
specifically between −2000 to −1850. Of particular interest is that an MZF1 putative zinc finger 
protein-binding site that spans the human TSS is preserved in rat and mouse sequences. Others 
have reported that mutating the MZF1 site did not affect basal expression in the rat gene (4). 
Although the BACEP sequence contains several putative cytokine binding to sites, mentioned 
herein, cell culture induction studies have shown that BACE mRNA production is not increased 
by treating neuronal or astrocytoma cell cultures with tumor necrosis factor (TNF)-α,  
interleukin (IL)-1β, IL-6, transforming growth factor (TGF)-β, or several other cytokines (37). 
However, the APP regulatory region has been shown to interact with cytokines such as IL-1α, 
TGF-β1, and TNF-α (38, 39). This suggests that BACE and APP regulation are distinct pathways 
and that it may be possible to control expression of one gene without significantly altering 
expression of the other except as BACE and APP directly interact. Alternatively, these cytokine-
binding sites may normally be blocked and activating them may be part of an overall 
inflammation cascade that leads to large-scale Aβ cleavage from APP. 

Overall, the BACE promoter displays inducible characteristics in that it contains potential 
binding sites for several important transcription factors, such as AP1, AP2, CRE, GRE, and NF-
κB. Four of the five NF-κB sites predicted in BACEP appear in some segment of the triple direct 
repeat, suggesting a possible regulatory role for these repeats. The activity of the majority of 
these putative sites remains to be investigated. This is an important supplement to other recent 
study of regulation of BACE at the protein level. For example, BACE activity in the cell was 
shown to be regulated by several components of ordered lipid microdomains (lipid rafts), 
including caveolins (40, 41) and GPI anchored proteins (42). Whether some of these components 
interact with the regulatory region of the BACE promoter needs to be studied. 

In addition to a possibly active promoter region of more than 3 kb in length, the BACE gene’s 
first intron (of eight) is nearly 61% of the total length of the gene. As we have reported, it 
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contains thousands of putative transcription factor binding sites, including many that also appear 
in the BACEP sequence. We found five possible ORFs, although none have been shown to 
actually be expressed. It may be possible that such a large intron plays a role in expression and 
regulation of the BACE gene and may itself consist of several functional domains. 

Taken together, our data show that the BACE gene contains basal regulatory elements, inducible 
features, and sites for regulated activity by various transcription factors. This study enables us to 
identify important regions for functional analysis of binding domains and neuron-specific 
expression (1). This work is also an important supplement to recent study of regulation of BACE 
at the protein level. These studies will allow us to further examine the possible role of changes in 
the BACE promoter and AD pathogenesis. 
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Table 1 
 
Primers for BACE 5' flanking region genomic clonesa 

 
BACE1F 5'-GGAATTCAGATCTTTGTTAGGGAGGTCTTCTTC-3' 
BACE1R 5'-GGAATTCGTCGACTGGTGGCTTCTCAGGAGAG-3' 
BACE2F 5'-GAATTCAGATCTCTCACTGCAACCTCTATCTC-3' 
BACE2R 5'-GAAAGCAAAGGAATCATTAG-3' 

 

aAt end of primer name: F, forward orientation; R, reverse orientation. 
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Table 2 
 
Primers used for sequencing BACE 5' flanking region containing promoter and 5' UTR (TSS is +1)a 
 

Oligonucleotide Position Sequence 
BSP2R 201 5'-CTACATCGGCACGGCGG-3' 
BSP3R −1603 5'-TGCTGGGATTACAGGCGTGAG-3' 
BSP4F −1121 5'-CCAGGAGTTCGAGACCAGC-3' 
BSP5R −309 5'-CGGTGATTCTACACGGGACAG-3' 
BSP6R −2059 5'-GAAGACCTCCCTAACAAACCCT-3' 
BSP7R −582 5'-TGCGCCTGCGATCTGCG-3' 
BSP8F −289 5'-CTGTCCCGTGTAGAATCACCG-3' 
BSP9F −3045 5'-CCAAATGTTACCAATCTGAGAGG-3' 
BSP10F −2395 5'-GGCTAACATGGTGAATTCCCG-3' 
BSP11R −3067 5'-CCTCTCAGATTGGTAACATTTGG-3' 
BSP12R −2411 5'-CGGGAATTCACCATGTTAGCC-3' 
BSP13F −3320 5'-CTGGTCTTGAACTCCTGGC-3' 
BSP14F −1823 5'-CATCTCTATCATATCTACAATTCCC-3' 
BluFron (pBLCAT3 forward 
primer) 

 5'-GTAAAACGACGGCCAGTGCC-3' 

CAT-R (pBLCAT3 reverse 
primer) 

 5'-CCTGAAAATCTCGCCAAGCT-3' 

aAt end of primer name: F, forward orientation; R, reverse orientation. 
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Table 3 
 
Organization of exon and intron regions of the BACE gene (length of regions in bp)a 
 

Region Human Mouse 
5' UTR 446 446 
Exon 1 261 261 
Intron 1 18569 13648 
Exon 2 96 96 
Intron 2 1524 1649 
Exon 3 217 217 
Intron 3 1115 1237 
Exon 4 146 146 
Intron 4 682 888 
Exon 5 136 136 
Intron 5 1239 1150 
Exon 6 104 104 
Intron 6 663 408 
Exon 7 150 151 
Intron 7 239 215 
Exon 8 174 177 
Intron 8 677 600 
Exon 9 247 247 
3' UTR 3880 2148 

aRat genomic sequence is incomplete and is not included here. 
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Table 4 
 

Specific differences among BACE 5' flanking region sequences (TSS is +1) 
 

Location BACEP Genomic Reference 
25 

−3409 C T — 
−3386 C T — 
−3356 C T — 
−3346 C T — 
−2245 gap 163bp — 
−2213 A gap — 
−2062 A A C 
−2061 A C A 
−1756 T T C 
−1660 G G A 
−1659 G A G 
−1616 T T C 
−1615 T C T 
−1361 G G gap 
−1342 T T C 
−1322 A A gap 
−1320 A gap A 
−1153 A A gap 
−1152 A G A 
−1147 C C T 
−1112 A A gap 
−1011 T T A 
−1006 C C A 

−921 T T C 
−787 A A T 
−687 C C T 
−654 A A G 
−637 C C gap 
−556 G G A 
−555 G A G 
−483 G G A 
−482 G A G 
−343 A A T 
−337 A A G 
−329 C C T 
−259 C C T 
−175 G G A 

−68 T T C 
136 C C T 
151 G G A 
190 A A G 
211 A A G 
346 T C C 
352 C C A 
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Table 5 
 
Transcription factor sequences in BACE 5' flanking region (TSS is +1) 
 

Factor Promoter/Upstream Region Proximal 5'-UTR 
ALS −3257  64 
AP-1 −1673   
AP-2  −58 94, 173, 305
AP-3 −858   
AP-4   33 
ApoAI 
RP-1 

−774  86 

bHLH −1162, −202  247 
C/EBP −2659   
CLS −2908, −2860, −2495, −433   
CREB −3448   
ERE −2650, −1555   
GATA −3752, −3750, −3268, −3267, −2948, −2821, −2740, −2739, −2550, −2544, −2527, −2526, −2448, 

−2447, −2445, −2248, −2247, −1974, −1972, −1844, −1837, −1822, −1753, −1737, −1633, −1631, 
−1629, −1317, −1315, −1313, −1232, −867, −847, −846, −845, −744, −713, −277 

 206, 222, 
327 

GC box −1483,   98, 155, 
161, 194 

GRE −2714, −2562   

HIF-1 −1903   
HSF-1 −919, −918, −404    
IL-6 RE-
BP 

−3742, −3700, −2336, −2177, −1587, −1453, −1178, −1043, −852, −504, −395,  −120, −63, 
−54 

160, 232  

IRF-1 −2471, −2241, −1151, −319    
IRF-3 −2891, −1803, −913    
MZF1  −2  
N-Oct-3 −3140, −3128, −3071, −2939, −2802, −2660, −2613, −2024, −1993, −1988, −1806, −1800    
NF-1 −3516, −3187, −2846, −2491, −2413, −1906, −1712, −1531, −1303, −1298, −1211, −857, −687, 

−686, −598, −544, −177 
−35, −34, −7 57  

NF-IL-
2A 

−3011, −3009    

NF-IL6 −3166   
NFκB −2403, −1521, −1110, −921, −342    
Oct-R −3154   
ONSF −3291  13 
PRE −3000, −2155    
RAR-β −3446, −2648, −1553    
RTR −3333   
SF1 −634   
Smad3 −3297, −1902, −1653, −986, −686, −204, −176, −118    
SP-1 −1620, −1570, −1211, −1158, −169  −152 4, 8, 106, 

138, 147, 
157, 162, 
229 

SREBP −3440   
SRF −3109, −2063, −2033, −1281, −837, −538    
STAT6 −1951, −931    
TFIID −2802, −2771, −1701    
USF −3692   
YY1 −3115, −3037, −2540, −2515, −2223, −1538, −447    
Zeste −3629, −2474, −2279, −2212, −1670, −1388, −1372, −968, −733, −436, −407    
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Table 6 
 
Selected transcription factor binding sites in human, mouse, and rat sequences (TSS is +1) 
 

Transcription 
Factor 

Consensus 
Sequences  

(18, 19) 

Human Mouse Rat 

ALS TGNNGCTG −3257, 64 −2739,−2635, −2307, 
−2274, 159

−3285, −2395, −2346, 
−2289, −1145, 123, 213, 

242
AP-1 TGAGTCA −1673
AP-2 CCCAGGG, 

CCCGCGC 
−58, 305, 94, 173 −61 −1128, 3

AP-3 TGTGGWWW −858 −2938 −1967, −442
C/EBP TCCTAAT −2659 −1545
CLS WWWTTTGCKCR −2908, −2860, −2495, 

−433
−698

CREB TGACCTCA −3448 −1787
ERE TGACCT −2650, −1555 −2656, −2328, −1785, 

−965
−3088, −2806, −1390

GATA-1 CNGATVBMV 206, 222, 327 136, 202, 221, 325 127, 199, 218, 321
GC box GGCCGC 194 190, 338 −3171, 397
Glucocorticoid 
Receptor 

TGAACT, 
AGAWCAGW 

−2562, −2714 −3432, −3405, −3310, 
−151, −3056, −363

−3494, −2051, −1703, 
−1608, −562, −88

MZF1 YCTCCCCAG −2 −3 −3
NFκB GGGRHTYYHC −2403, −1521, −1110,

−921, −342
−875 −2328

PRE TGTTCT −3000, −2155 −1, 157 −2500
SP-1 CCCAGCC, 

GGCGGG 
−1620, −1211,  4, 157, 

229, −1570, −1158,
−169, −152, 8, 106, 

138, 147, 162

105, 148, −3637, 
−2963

−2397, −2348, −1263, 
63, 211, 202

TFIID TATAAA, 
TATATA 

−2771, −2802, −1701,
−1701

−3709, −1742 −3479, −529, −1900, 
−1900

USF CATGTG −3692 −3624, −2544 −2931, −1969, −1462, 
−481

Zeste CACTCC, 
TGAGAT, 
TGAGCG, 
TGAGTC 

−3629, −1372, −968, 
−733, −2474, −2279, 
−1388, −436, −2212, 

−1670, −407

−3466, −3074, −1438, 
−837, 296

−3046, −2121, −3515, 
−1998, −1571, −1419, 

−958, −493, −1839, 355
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Fig. 1 
 

 
 
Figure 1. Cloning of p4.1BACEP-SEAP and p2.4BACEP-SEAP from the human genomic library. A 2.4 kb 
fragment of the human BACE 5' flanking region was isolated from the RP1146 library via PCR with primers that provided 
BglII and SalI restriction enzyme sites. This was cloned into pBC12/PL/SEAP to produce p2.4BACEP-SEAP. A second 
fragment was isolated by PCR from the RP1146 library and cloned into the AatII and BglII sites of p2.4BACEP-SEAP to 
produce p4.1BACEP-SEAP. 
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Fig. 2 
 

 
 
Figure 2. Diagram of BACE genomic organization and partial restriction map of the 5'-flanking region. A) BACE 
genomic organization for mouse, human, and human mRNA. Vertical hash indicates 5' flanking region containing the 
promoter. Rising cross-hatch indicates 5' UTR. Gray boxes indicate exons. Black line indicates introns. Falling cross-
hatch indicates 3' UTR. B) Partial restriction map of BACE 5' flanking region. Vertical hash represents the promoter 
region and rising cross-hatch the 5' UTR. TSS is at +1, and arrow indicates the direction of transcription. Thick line 
arrows at 5' end of sequence represents a tandem repeat, and thick dotted lines represent an inverted repeat. Narrow lines 
represent triple repeat, and a narrow dashed line at the far upstream end represents a fourth sequence with lesser 
homology to the triple repeat. Solid bent arrow indicates TSS derived from mRNA sequences. Dotted bent arrow indicates 
alternate TSS from primer extension. 
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Fig. 3 
 

 
 
Figure 3. Genomic BLAST search. The genomic BLAST homology search against the human genome at NCBI 
revealed that the BACEP sequence was most homologous to a region immediately upstream of the BACE gene on 
chromosome 11, between approximately 116728.55 kb and 116724.25 kb. “gbDNA” indicates nine sequenes in GenBank 
homologous to this region but not used to assemble the genomic contig. The BACEP sequence produced two genomic 
BLAST hits, corresponding to two segments of genomic contig separated by a highly repetitive 163 bp gap (described in 
the text). The open bar at the beginning of the “BACE” feature corresponds to the 5' UTR of the BACE gene in the 
genomic contig, and the closed bar represents the first exon of the BACE gene. 
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Fig. 4 
 

 
 
Figure 4. DNA sequencing strategy for BACE 5' flanking region. Primers complementary to forward and reverse 
sections of pBLCAT3 were used to generate initial sequences, which were then used to generate further primers. Primer 
names are adjacent to their locations, with respective arrows indicating either a forward-orientation primer or a reverse-
orientation primer. Individual sequence results are indicated beneath the complete contig diagram. BACEP sequence is 
covered from end to end in both orientations. *Primers BSP3R and CAT-R were also used to sequence part of the 
p2.4BACE-SEAP clone, and these two arrows indicate the position of that sequence data. 
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Fig. 5 
 

 
 
Figure 5. Nucleotide sequence of BACE 5' flanking region. DNA was sequenced by the primer walking strategy 
(Figure 4). The thymidine at +1 represents the major transcription start site. The positions of some of the restriction 
enzymes that were used for subcloning are indicated in italics. The putative sites for binding selected transcription factors 
are bold if in forward orientation and underlined if in reverse orientation. GenBank accession number is AY542689. 
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Fig. 6 
 

 
 
Figure 6. Sequences of BACEP internal repeats. A) Sequence from both segments of a 160 bp (−3765/−3606 and 
−3607/−3449) tandem repeat (83.6% homology between segments). B) Sequence from both 277 bp (−3668/−3392 and 
−1606/−1329) segments of an inverted repeat (85% homology between segments). C) ClustalX alignment of all three 
segments (−2480/−2216, −1596/−1326, −1187/−919) of a triple repeat (74% homology among segments) with the limited 
homology far upstream sequence (−3671/−3400) (dropping overall homology to 67% among four segments) on the 
bottom. 
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Fig. 7 
 

 
 
Figure 7. GC content of BACEP. Chart displays a running 50-base average of percent GC content for the 4129 bp 
fragment of BACEP. Bent arrow indicates TSS. 
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Fig. 8 
 

 
 
Figure 8. Alignment of the BACEP sequence against mouse and rat sequences. A) Homology of rat sequence vs. 
human. Variable height line indicates percent homology of rat sequence to human sequence in a 50-base window. Black 
gapped horizontal line above 100% indicates the human sequence. Arrow on uppermost line indicates human +1. Arrow 
on variable line indicates rat +1. Dashed vertical line indicates the borders of the “proximal region” of greatest homology. 
B) Homology of mouse sequence vs. human. Variable height line indicates divergent homology of mouse to human. 
Arrow on uppermost line indicates human +1. Arrow on variable line indicates mouse +1. Dashed vertical line indicates 
the borders of the “proximal region” of greatest homology. In most cases, mouse and rat share the same homology as the 
human sequence. Greater than 90% homology in a 50-base window only appears in either comparison very near the +1 
transcription start site. 
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