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The gene for type 1 neurofibromatosis (NF1) is most
highly expressed in brain and spinal cord, although
low levels of mRNA can be found in nearly all tissues.
As a first step in investigating the regulation of NF1
gene expression, we have cloned and sequenced the
promoter regions of the human and mouse NF1 genes
and mapped the transcriptional start sites in both spe-
cies. We report here that the 5’ ends of the human and
murine NF1I genes are highly conserved. While no dis-
cernable TATA or CCAAT box sequences are seen,
transcription initiates at identical sites in both spe-
cies, 484 nucleotides upstream of the ATG initiation
codon in the human gene. The human and mouse NF1
genes share particularly high sequence homology
(96%) between nucleotides —33 and +261 and contain
several perfectly conserved transcription factor bind-
ing site motifs, including a cAMP response element,
several AP2 consensus binding sites, and a serum re-
sponse element. The high conservation of these se-
quences indicates that they are likely to be significant
in the regulation of NFI gene expression. o© 1984 Academic
Press, Inc.

Neurofibromatosis type 1 (NF1) is one of the most
common human genetic disorders, with an incidence of
approximately 1 in 3000. This disorder is inherited in
an autosomal dominant fashion and primarily affects
tissues derived from the neural crest (17). The gene
responsible for NF1 was identified by a positional clon-
ing approach (6, 18, 19) and was found to encode a
protein with GTPase-activating properties (2, 14, 20).
The NF1I gene is highly conserved in vertebrates (4)
and encodes an 11 to 13-kb-long mRNA (19). While
NF1 mRNA can be detected in nearly all adult tissues

Sequence data from this article have been deposited with the Gen-
Bank Database under Accession Nos. U09106 (human) and L10367
(mouse).
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Institutes of Health, Building 38A, Room 605, 9000 Rockville Pike,
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(19), mRNA and protein levels vary in different cell
types, with highest levels found in brain, spinal cord,
and peripheral nerve (8).

Little is known about the regulatory elements that
contribute to NF1 expression. As a first step toward
identifying such elements, we have compared the se-
quences of the 5’ ends of the human and mouse NF'?
genes to identify regions that have been conserved
through evolution. Such an approach has been success-
ful in identifying protein binding sites in the y-globin
promoter (10) and has been used to identify potential
protein binding sites in the N-CAM (7) and RB1I (21)
promoters. We report here that the 5 ends of the hu-
man and mouse NFI genes have very high sequence
identity, with conservation of transcription start sites
and potential transcriptional regulatory elements.

The nucleotide sequence for the promoter region of
the human NFI gene was obtained by sequencing the
distal half of a No#I linking clone (17L1B) containing
the 5’ end of the human NFI gene (13). The entire 4.0-
kb clone was sequenced with automated DNA sequenc-
ing technology using a previously described ExolIIl uni-
directional approach (15, 16). The corresponding region
of the mouse NF1 promoter was cloned as previously
described (3) and was sequenced from the 3’ end of the
NF1 first exon upstream to the 5’ end of the clone (1011
bp) on both strands by primer walking using Sequenase
Version 2.0 (U.S. Biochemicals). This same region of
the mouse NFI gene has also been sequenced indepen-
dently by Bernards et al. (3).

Comparisons between the mouse and the human se-
quences were performed using the MacVector 3.5 soft-
ware (IBI-Kodak). A portion of the human sequence (nt
2943 to 3953) containing the first 60 bp of the coding
region and 5’ flanking sequences was compared to the
corresponding mouse sequence. We also searched for
potential regulatory elements within the mouse and
human NF1 promoter region using MacVector 3.5 with
a custom-designed database of transcription control el-
ements, based on a previously compiled list of tran-
scriptional control sequences (12). The mouse and hu-
man sequences were also used to search the GenBank
database.
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RNase protection assays were performed using the
ribonuclease protection assay RPA II kit from Ambion,
Inc. following the manufacturer’s instructions. The
templates for the human and mouse antisense ribo-
probes were constructed by subeloning the appropriate
fragment into pBluescript II KS (Stratagene). The hu-
man fragment corresponded to nt —36 to +273 in Fig.
1, while the mouse fragment spanned nt —49 to +234
in Fig. 1. The human template was linearized and then
transcribed using an in vitro transeription kit with T7

human

mouse

human

mouse

human

mouse

human

mouse

human

mouse

human

mouse

humars

mnouse

human

mouse

human

mouse

human

mouse

human

mouse

FIG. 1. Optimized alignment of the sequences at the 5’ end of the human and mouse NF1 genes. This region contains the first 60 bp
of the NF1 coding region {bordered by a dashed box) and approximately 900 bp of upstream flanking sequence, including 5"-untranslated
and promoter regions. The mouse sequence has been previously published independently by Bernards et al. (3). The human sequence from
+274 to +543 has been previously published as the first 270 nucleotides of a human NFI ¢DNA (13). The large arrow indicates the major
transcription initiation site identified by RNase protection, while the two smaller arrows indicate minor transcription start sites (see Fig.
2). The human sequence is numbered relative to the major transcription start site. Dashes indicate where gaps have been placed in the
mouse sequence for optimal alignment. Nucleotides that have been removed from the mouse sequence for optimized alignment are shown
underneath the mouse sequence. Transcription factor binding site motifs found in both the human and the mouse sequences are bordered
by solid boxes, Binding site motifs found in only the human sequence are indicated by brackets above the human sequence, while those
motifs found in only the mouse sequence are indicated by brackets beneath the mouse sequence. Abbreviations for hinding site motifs are
AP2, AP2 consensus binding site; ApoE2, enhancer in Apo2 gene; CRE, cAMP response element; E3BF, binding site found in adenovirus
E3 gene and cellular genes; GT2, binding site in immunoglobulin and §V40 enhancers; ICE, insulin gene enhancer; KBF, binding site in
immunoglobulin enhancer; MMLV/a, ¢, binding sites in Moloney murine leukemia virus enhancer; MT1, metal response element: Oet,
octamer binding motif; PRE, progesterone response element; PRL, enhancer in prelactin gene; SP1, SP1 binding site; SRE, serum response

element.
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polymerase (Promega). The antisense riboprobe con-
sisted of 309 nt complementary to the human NFJ gene
and 24 nt of vector sequence. The mouse template was
also linearized and was transcribed using T3 polymer-
ase (Promega). The resulting antisense riboprobe con-
tained 282 nt complementary to the mouse NFI gene
and 30 nt complementary to vector sequence. The ribo-
probes were hybridized to total RNA isclated from ei-
ther human or mouse brain using RNAzol B (Tel-
Test, Inc.).
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Figure 1 shows an optimized alignment of sequences
from the 5’ end of the human and mouse NF1 genes.
The nucleotides are numbered relative to the major
transcription start site, which is described below. Both
promoters are very G+C-rich and contain a high pro-
portion of CpG dinucleotides, with no obvious TATA or
CCAAT boxes present. These features are characteris-
tic of promoters of typical housekeeping genes (9). The
region of greatest sequence similarity between the hu-
man and mouse genes occurs between nt —33 and
+261, with a sequence identity of 95%. A search of
GenBank using the human and mouse sequences did
not reveal any significant homologies to other genes.

To determine whether sequences conserved between
human and mouse were located in transeribed or non-
transcribed (regulatory) regions, we mapped the tran-
scriptional start sites of the human and mouse NF1
genes by RNase protection. As shown in Fig. 2, the full-
length human riboprobe (333 nt, lane 1) protected a
major fragment of 272 nt (lane 2). Since 24 of the 61
digested nucleotides of the riboprobe are from the vec-
tor sequence, the major transeriptional start site is lo-
cated 36 nt downstream from the 5 end of the ribo-
probe, corresponding to 484 nt upstream of the transla-
tion initiation codon. The location of this site is in
agreement with data from previous primer extension
studies (13). The full-length mouse riboprobe (lane 4)
protects a major fragment of 234 nt (lane 5}, indicating
that the transcription start site lies 48 nucleotides
downstream from the 5’ end of the probe. This start
site corresponds to the same nucleotide as the human
transcriptional start site and is located 476 nucleotides
upstream of the ATG initiation codon in the mouse
gene, Both the human and the mouse genes also show
minor transcription start sites 11 nucleotides upstream
and 1 nueleotide downstream of the major start site
(Fig. 2, arrowheads).

The region of highest conservation in the NFI pro-
moter contains several perfectly conserved potential
regulatory elements (Fig. 1). Among these conserved
elements are Spl binding sites (+416 and +460), sev-
eral consensus AP2 binding sites (+72, +264, +306,
+335, and +463), a cAMP response element (—16), and
a serum response element (—14). In addition, elements
found in the cores of the insulin (+137) and immuno-
globulin (+71) enhancers are also conserved in this re-
gion. No perfectly conserved regulatory elements are
located farther than 20 bp upstream of the transerip-
tion start site, except for an element found in the ade-
novirus E3 gene (—372). An interesting feature of the
predicted 5'-untranslated region in both human and
mouse is the presence of a conserved upstream ATG
(1+189) followed closely by a stop codon (TAG, +210), a
motif that is common in mRNAs that are poorly trans-
lated (5).

In addition to the conserved binding site motifs,
there are several binding site motifs in the NFI pro-
moter region that are not conserved between human
and mouse. For example, the human sequence has non-

651

conserved AP?2 sites (-166 and —139), SP1 sites (—141
and —165), and an octamer binding site {(—94). The
murine sequence has a nonconserved progesterone re-
sponse element (—22), a MMLV/a site (—151), and a
KBF site (—162).

Recently, Bernards et al. (3) have independently re-
ported that the 5" ends of the human and mouse NFI
c¢DNAs share high sequence homcology, This analysis,
however, was performed using only a partial sequence
from the 5' end of the human NF1 gene. Using addi-
tional sequence from the human NF1 gene, we have
confirmed and extended the observations of Bernards
et al. and have determined that the mouse-human ho-
mology in this region is actually much higher than pre-
viously reported. Based on ¢ur structural comparison
of the human and murine NFI promoter, the region
from —13 to +261 seems to be especially interesting
for further investigation. This region is almost identical
in human and mouse, contains several elements that
have been shown to be important in the regulation of
other genes, and also contains the transcriptional start
site of the NF1 gene. Since a large portion of this highly
conserved sequence lies within the predicted 5'-un-
translated region of the NF1 gene, it may be important
in regulating the stability and translation efficiency of
mRNAs (1). For example, myelin basic protein genes,
which are expressed in similar tissues as NF1, have
been shown to contain elements in their 5’ -untrans-
lated regions that control the efficiency of mRNA trans-
lation and mediate post-transcriptional steroid indue-

FIG. 2. RNase protection mapping of the transcription start sites
of the human and mouse NFI genes. Lane 1: human antisense ribo-
probe not treated with RNase. Lane 2: human antisense riboprobe
hybridized to 30 pg total RNA from human brain and treated with
RNase. Lane 3: human antisense riboprobe treated with RNase.
Lane 4: mouse antisense riboprobe not treated with RNase. Lane 5:
mouse antisense riboprobe hybridized to 15 ug total RNA from mouse
and treated with RNase. Lane 5 was exposed on film for approxi-
mately twice as long as the other lanes {7 days). Arrowheads indicate
the protected mousge and human fragments. On the left are indicated
the sizes of the full-length human antisense riboprobe (333 nt) and
fragments protected by this probe (283, 272, and 271 nt). The same
are indicated on the right for the mouse antisense riboprobe (312 nt
full-length probe; 245, 234, and 233 nt protected fragments). Frag-
ment sizes were determined by comparison to a sequencing ladder
of the human and mouse riboprobe templates.
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tion of protein expression (5). In addition, the cAMP
response element in this conserved region is also inter-
esting, since there is evidence that NF! expression in
Schwann cells increases in response to high doses of
cAMP (11).

In summary, we have uncovered rather dramatic se-
quence conservation between the mouse and human
NF1 promoters. This sequence analysis now sets the
stage for a thorough functional analysis of this region.
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