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The human CRY¥-binding protein gene has heen
cloned and mapped to the distal region of chromosome
13 and loci 5q in the mouse and human genomes, respec-
tively, The gene consists of 7 exons and 6 introns. The
mature protein has 10 cysteines and 5 tandem disulfide
bridges 4 of which are contained within exons 3, 5, 6,
and 7. One bridge is shared by exons 3 and 4. The signal
peptide and the first 3 amino acids of the mature pro-
tein were coded for by an extreme 5 exon. Primer ex-
tension analyses revealed the transcriptional initiation
site to be located 32 bp downstream from a consensus
TATA box. The promoter sequence contained a number
of putative promoter elements including an AP-1 site,
three ER-half sites, the immunoglobulin enhancer ele-
ments NF-«B and INF-1, and the liver-specific en-
hancers LFA1 and LFB1. © 1893 Academic Press, Inc.

INTRODUCTION

A 37-kDa protein (CRF-BP) capable of binding the
neuropeptide corticotrophin releasing factor (CRF)
with high affinity (Linton and Lowry, 1986; Orth and
Mount, 1987; Linton et al., 1988, 1989; Suda et al., 1988)
has been purified from human plasma (Behan et al,
1989), partially sequenced and cloned (Potter et al,
1991) from both human liver and rat brain libraries. We
have recently found that the protein is widely distrib-
uted throughout the rat brain and have been successful
in localizing its expression in many brain areas including
the cortex and pituitary corticotropes (Potter ef al,
1992}, We have also determined that the protein is ex-
pressed in primate brain and in human liver {Potter et
al., 1991). The hCRF-BP primary amino acid sequence
contains 11 ¢ysteines, thus predicting the presence of 5
disulfide bonds in the mature protein after cleavage of
the signal peptide, which contains 1 cysteine (Potter et
al., 1991). Recently, we reported that the secondary

! To whom correspondence should be addressed. Telephone: (619}
453-4100, ext. 510, Fax: {619) 552-15486.

structure of the hCRF-BP consisted of five loops formed
by the sequential bonding of adjacent cysteines (Fischer
et al., 1991). To understand more about the CRF-BP’s
structure and its tissue-specific expression, we have
cloned the human CRF-BP gene and identified 949 bp of
its extreme 5' sequence that is likely to be responsible for
the regulation of CRF-BP gene expression.

MATERIALS AND METHODS

Construction of the human genomic library. A number of commer-
cial genomic libraries were first screened for the CRF-BP gene with-
out success; therefore, we decided to construct our own library from
human liver DNA. Fifteen micrograms of human liver DNA was sub-
jected to partial digestion with 7.5 units of BamHI1 for 1 h at 37°C. The
DNA was then ethanol precipitated and phosphatased with 10 units of
alkaline phosphatase for 30 min at 37°C. SDS and EDTA were then
added to final concentrations of 0.5% and 5 mM, respectively. The
reaction was then mixed and incubated for a further 30 min with pro-
teinase K at 56°C. The digested DNA was ethanol precipitated and
reconstituted in 20 ul of sterile water. Approximately 2 ug (3 ul) of this
DNA was ligated to 600 ng of BarmHI-digested A phage arms (Strata-
gene, La Jolla, CA) in a total reaction volume of 15 ul. The ligated
DNA was then packaged using the Gigapack Il gold packaging extract
(Stratagene). Briefly, 15 pl of the ligated DNA was mixed with 18 ul of
packaging mix and 30 ul of sonic extract. This was incubated at 22°C
for 2 h and subsequently diluted in 1 ml SM buffer. The estimated
titer of the unamplified library (using P2PLK-17 as the host bacterial
strain) was 2 X 10° PFU/ml.

Gene cloning and mapping. One million plaque-forming units of a
human genomic library were screened using a P randomly labeled
(Amersham multiprime labeling kit) Pstl DNA fragment that con-
tained the first 500 bp of the human ¢cDNA coding sequence. Duplicate
nitrocellulose filters were hybridized in 5x SSC, 1X Denhart’s solu-
tion, 0.1% SDS, 100 ug/ml salmon sperm DNA, and 1% 10° cpm/ml of
#2p.labeled cDNA probe. Filters were washed in 2x S8C, 0.1% SDS
for 2 X 15 min at 65°C. One clone obtained from the primary screen
was plagque purified and used to make pure phage DNA. The DNA was
digested with BamHI and ligated directly into BamHI-digested pBlue-
script KS (Stratagene). After transformation of XL1-blues, two sub-
clones that harbored 10- and 8-kb BamHI fragments upon digestion
with BamHI were obtained. The entire gene was subcloned as an 18-
kb Saqll fragment (utilizing the Sall sites on either side of the BamHI
sites in the polylinker of the A phage clone} into Sall-digested pBlue-
script in the same manner. Sense and antisense primers, made to
correspond to evenly spaced cDNA coding sequences, were used to
prime and obtain sequence from the three subclones using the Sanger
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dideoxy termination method (IB1). When intron/exon junctions were
identified, oligonucleotide primers were made to the exonic side of the
junction and sequence was then primed across the exon to the oppos-
ing intron/exon junction. Thus, sense oligonuclectides were used to
prime and obtain sequence at the 3’ end of an exon and/or 5' end of an
intron and antisense oligonucleotides were used to prime and obtain
sequence at the 3’ end of an intron and/or at the 5' end of an exon.
With this strategy we could account for all of the coding sequence, and
all intron/exon junctions were located. The extreme 5 putative pro-
moter stretch was sequenced on both strands and all intron/exon
junctions were sequenced on one strand.

Restriction mapping of the gene was performed by exposing the
three different subclones to various restriction enzymes and analyzing
the products after separation on 0.5-1% agarose gels. The DNA from
the gels was transferred onto nitrocellulose {as described by Maniatis})
and then probed with **P-end-labeled oligonuclectides corresponding
to exons 2, 4, 6, and 7. The oligonucleotides were end labeled by the
kinase method described for oligonucleotide 48 in the primer exten-
sion method below. The Southern blot of human genomic DNA was
probed using a 3P randomly labeled PCR fragment corresponding to
the first 377 bp of coding sequence, which spanned exons 1-4.

Chromosomal mapping. Interspecific backcross progeny were gen-
erated by mating [C57BL/6J. X Mus spretus] F, females and C57BL/
6J males as described (Copeland and Jenkins, 1991). A total of 205 N,
mice were used to map the CRF-BP locus (see text for details). DNA
isolation, restriction enzyme digestion, agarose gel electrophoresis,
Southern blot transfer, and hybridization were performed essentially
as described {Jenkins et al,, 1982). All blots were prepared with Zeta-
bind nylon membrane {AMF-Cuno). The probe, a 630-bp rat cDNA
clone, was labeled with [a-32P]dCTP using a random prime labeling
kit {Amersham): washing was done to a final stringency of 0.5X SSCP,
0.1% SDS, 65°C. Major fragments of 3.8, 1.1, and 0.6 kb were detected
in Tagl-digested M. spretus DNA. The presence or absence of the 2.8-
and 1.2-kb M. spretus-specific Taql fragments, which cosegregated,
was followed in backcross mice.

A description of the probes and RFLPs for the loci linked CRF-BP
incluading neuroendocrine convertase-1 {NEC-1), RAS p21 protein ac-
tivator (RASA), dihydrofelate reductase (DHFR), and cytotoxic T
iymphocyte-associated protein-3 (CTLA-3) has been given previously
{Copeland et al., 1992). Recombination distances were calculated as
described (Green, 1981) using the computer program SPRETUS
MADNESS. Gene order was determined by minimizing the number of
recombination events required to explain the allele distribution pat-
terns.

The human CRF-BP chromosomal lecation was obtained by prob-
ing a Southern blot of DNA obtained from somatic cell hybrids.
Briefly, a panel of DINA was isolated from 24 human/rodent somatic
cell hybrids retaining one or two human chromosomes. All but 2 of the
hybrids retained a single intact human chromosome. They are either
human/mouse or human/Chinese hamster ovary cell (CHO) hybrids.
The DNAs (Coriell Cell Repositories, NJ) were digested with EcoRI,
separated on a 1% agarose gel, and then Southern blotted. The blot
was then probed with a randomly ¥P-labeled PCR fragment to the
first 377 bp of the hCRF-BP ¢DNA. The Southern blot was kindly
provided by Dr. Makel Djabali of the Salk Institute.

Primer extension analysis. Antisense oligonucleotide DOM 48
(100 ug) was purified from free label on a 12% urea sequencing gel.
The purified oligonucleotide (400 ng} was then kinased in a mixture
containing 10 gl of [y-**P]ATP and 1 ul polynucleotide kinase for 30
min at 37°C. Free label was then separated from labeled oligonucleo-
tide by Sephadex G-50 chromatography {(0.75 X 5-¢m column) in TE
buffer, collecting 300-x] fractions throughout.

Human fetal liver RNA (100 ug of each) was ethanol precipitated
and resuspended in 7 ul sterile TE, 2 pyl 5X annealing buffer (1X TE
containing 1.25 M KCI) and 1 gl of *P-end-labeled primer (total vol-
ume = 10 ul). The oligonucleotide was annealed at 55°C for 1 h and
primer extension was subsequently performed by the addition of 23 ul
of extension mix {20 mM Tris-HCY, pH 8.7, 10 mM MzgCl,, 100 ug/ml
actinomycin I, 5 mM DTT, 0.33 mM dN'TPs) and 10 units of AMV
reverse transcriptase followed by further incubated at 50°C for 1 h.

The RNA was then ethanol precipitated and resuspended in 4 ul of
sterile water and 4 pl of sequenase stop solution. Two controls were
used for this analysis: first yeast tRNA [100 pgl was subjected to
primer extension in the same manner and second an identical reaction
was performed without the addition of any RINA. Reaction products
were then analyzed on an 8% gequencing gel.

RESULTS

The human CRF-BP gene was found to consist of 7
exons and 6 introns that spanned 16 kb of the cloned
18-kb Sall fragment (Fig. 1). The intron/exon bound-
aries all contained consensus splice donor and acceptor
sequences following the donor and acceptor rules previ-
ously reported (Breathnach et al., 1987; Table 1). To
generate the full-length genomic clone {Sall BP), Sall
sites external to the BamHI sites of the phage polylinker
were used; i.e., the Sall sites do not represent sites in
genomic DNA (see gene cloning section under Materials
and Methods}. The signal peptide was located on a sepa-
rate exon on the extreme &' end of the gene, and the
polyadenylation signal sequence AATAAA was found to
be contained on the 3’ untranslated region at the end of
exon 7 {Fig. 1). The restriction map of the purified geno-
mic clone shown in Fig. 1 predicted all the EcoRI, Pstl,
and HindIll fragments shown on the Southern blot of
human genomic DNA (Fig. 2). Interestingly, exons 5, 6,
and 7 each contained two cysteines which we have previ-
ously reported to be linked to form sequential disulfide
loops in the purified recombinant CRF-BP molecule
(Fischer et al, 1991; Fig. 1). Three cysteines are provided
by exon 3 and one by exon 4 such that disulfide bonded
loops 1 and 2 of the CRF-BP sequence are coded for by
exons 3 and 4, respectively (Fig. 1).

Chromosomal mapping revealed the human gene to
be present on chromosome 5 and the mouse locus to
be located in the distal region of chromosome 13
{Fig. 3), which is indeed synonymous with human chro-
mosome 5g.

Examination of the CRF-BP promoter sequence re-
vealed a conserved TATA box 122 bp upstream from the
first methionine of the N-terminal signal peptide (Fig.
4). To ensure that the 849-bp putative promoter se-
quence was not simply an extreme 5 intron, primer ex-
tension analyses were performed on human fetal liver
RNA. One major extended fragment was generated from
human fetal liver RNA but not from veast tRNA or
when the reaction proceeded without the addition of
RNA (Fig. 5). This identified a putative transcriptional
start site to be the adenosine of the cap site found 32 bp
downstream from the conserved TATA box (Fig. 4). The
first methionine of the protein sequence was thus lo-
cated at +91 bp and the N-terminal tyrosine codon of
the reported CRF-BP sequence (Potter ef al., 1991) was
positioned at +163 bp (Fig. 4). The extreme 5 exon thus
coded for the signal peptide plus YLE of the extreme
amino terminus of the mature protein, with the first
exon/intron junction being located at +171 bp.
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FIG. 1.

Diagram showing the complete restriction map of the human CRF-BP gene. The introns are represented by solid lines and the

exons are represented by black boxes. The exon number is marked next to each black box. Restriction mapping was performed by digesting the
three subclones (Sail BP, CL8 BP, CL1 BP) with various restriction enzymes (Pstl, HindlIIl, and EcoRI) and analyzing the fragments on a
Southern blot after probing with 32P-labeled oligonucleotides directed to each exon. The disulfide-bonded loops, positioned relative to their
respective exons, are indicated by cys—cys and the residue number of each cysteine in the protein seguence is indicated by the number
underneath. The hatched bars represent both 5 and 3’ untranslated sequences present in the CRF-BP mRNA.

DISCUSSION

In this study we present the genomic structure and
extreme 5 nucleotide sequence of the human CRF-BP
gene. The gene was found to have a multiple intronic/
exonic structure consisting of seven exons and six in-
trons. Exons 5, 6, and 7 each contained two cysteines,
which are bonded to form disulfide loops in the purified
recombinant CRF-BP molecule (Fischer et al., 1991; Fig.
1). The four cysteines which form the first and second
disulfide loops in the sequence are provided by exons 3
and 4, with three of the c¢ysteines being provided by exon
3 and one by exon 4. Exon 1 codes for one cysteine in the

TABLE 1

Sequences for Each Intron/Exon Junction
in the CRF-BP Gene

Exon-intron junction

Codon
Exon interupted 5 Donor 3" Acceptor
1 Glu™ CTAGAGgtgage....... tgecagCTGAGG
2 Arg®® CTCTGCgtgagt ....... ccecagGGTGCC
3 Val'*? CTGAAGgtgagg....... tcaaagGTATTT
4 Pro'®? TCTTTCgtaagg. ...... acaaagCTTGCA
5 Lys*! TTAAAGgtgagt....... ccttagAAATCC
6 Ala® GCCCGGgtgage. . ..... ttatagCCCAGA

Note. Capital letters indicate exons and lowercase letters indicate
introns.

signal peptide, which is cleaved in the mature secreted
protein. Since exons can code for functional domains
within proteins (Gilbert, 1978; Tonegawa, 1983} it is pos-
sible that these disulfide loops form domains in the ma-
ture CRF-BP. This structure was of particular interest
since it resembled the genomic organization of genes
from the IgG family, many of which have exons that
code for disulfide-bonded loops (Barclay et al., 1988).
Furthermore, exons coding for domains in the [gG mole-
cule have been reported to undergo somatic rearrange-
ment and thus to generate antibody diversity by exon
shuffling (Tonegawa, 1983). It is, therefore, possible that
alternate splicing of the CRF-BP primary mRNA tran-
script may result in the expression of a different mole-
cule(s) from the same gene by a reorganization of the
disulfide loop domains.

In this study we provide evidence for only one human
CRF-BP gene since all the sizes of restricted bands iden-
tified on a Scuthern blot of human genomic DNA were
identical to those generated from the human CRF-BP
genomic clones (Fig. 2).

The mouse chromosomal location of CRF-BP was de-
termined by interspecific backcross analysis using prog-
eny derived from matings of [(CR7TBL/6J X M. spretus)
F, x C575BL/6J] mice. This interspecific backcross
mapping panel has been typed for over 1100 loci that are
well distributed among all autosomes as well as the X
chromosome (Copeland and Jenkins, 1991). C57BL/6J
and M. spretus DNAs were digested with several en-
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FIG. 2. Diagram showing a Southern blot of human genomic
DNA after digestion with Pstl, HindIIl, and EcoRI. The blot was
probed with a 377-bp PCR fragment (1 X 10° cpm/ml) spanning exons
2, 3, and 4 of the genomic map. Prehybridizations and hybridizations
were carried out in a solution of 5x S8C, 1xX Denhart’s solution, 0.1%
SDS, 100 pg/ml salmon sperm DNA. All the bands seen on the South-
ern blot were predicted from the genomic restriction map shown in
Fig. 1.

zymes and analyzed by Southern blot hybridization for
informative restriction fragment length polymorphisms
{RFLPs) using a rat cDNA CRF-BP probe. The 2.8- and
1.2-kb M. spetus Tagl RFLPs (see Materials and Meth-
ods) were used to follow the segregation of the CRF-BP
locus in backeross mice. The mapping results indicated
that CRF-BP is located in the distal region of mouse
chromosome 13 linked to NEC-1, RASA, DHFR, and
CTLA-3. Although 98 mice were analyzed for every
marker and are shown in the segregation analysis (Fig.
3), up to 161 mice were typed for some pairs of markers.
Each locus was analyzed in pairwise combinations for
recombination frequencies using the additional data.
The ratios of the total number of mice exhibiting recom-
binant chromosomes to the total number of mice ana-
lyzed for each pair of loci and the most likely gene order
are centromere-NEC-1-2/161-RASA-3/116-DHFR-0/
115-CRF-BP-14/137-CTLA-3. The recombinants were
detected between DHFR and CRF-BP in 115 animals
typed in common, suggesting that the two loci are within
2.6 c¢cM of each other (upper 95% confidence limit),

We have compared our interspecific map of chromo-
some 13 with a composite mouse linkage map that re-
ports the map location of many uncloned mouse muta-
tions (compiled by M. T. Davisson, T. H. Roderick, A. L.
Hillyard, and D. P. Doolittle and provided from GBASE,
a computerized database maintained at The Jackson

Laboratory, Bar Harbor, ME). CRF-BP mapped in the
region of the composite map that lacks mouse mutations
with a phenotype that might be expected for an alter-
ation in this locus (data not shown).

The distal region of mouse chromosome 13 shares ho-
mology with human chromosome 5q (summarized in Fig.
3). In particular, DHFR has been placed on human
5g11.2-5¢q13.3. The tight linkage between DHFR and
CRF-BP suggests that CRF-BP will reside on 5q as well.

To test this hypothesis we also determined the human
chromosomal location of CRF-BP, which was indeed
found to be present on human chromosome 5 by South-
ern blotting DNA from human-rodent hybrid cells and
subsequently probing for the human CRF-BP gene with
a labeled CRF-BP cDNA fragment.

Interestingly, the previously reported rat ¢DNA se-
quence (Potter et al, 1991) started only 3 bp from the
consensus TATA box of the human CRF-BP gene in-
stead of the expected 32 bp downstream as predicted
from the primer extension analyses (Fig. 4). This may
suggest that there is some translational regulation of the
CRF-BP gene expression so that the published 5 rat
cDNA sequence may be accounted for by the utilization
of TATA boxes further upstream in the CRF-BP pro-
moter (e.g., at positions —286 and --556; Fig. 4). Indeed,
since the rat CRF-BP ¢cDNA was cloned from a brain
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FIG. 3. CRF-BP maps in the distal region of mouse chromosome
13. CRF-BP was placed on mouse chromosome 13 by interspecific
backcross analysis and the segregation patterns of CRF-BP and
flanking genes in 98 backcross animals that were typed (see text).
Each column represents the chromosome identified in the backcross
progeny that was inherited from the (C57BL/6J X M. spretus) F, par-
ent. The shaded boxzes represent the presence of a C57BL/6J allele
and white boxes represent the presence of a M. spretus allele. The
number of offspring inheriting each type of chromosome is listed at
the bottom of each column. A partial chromosome 13 linkage map
showing the location of CRF-BP in relation to linked genes is shown
at the bottom of the figure. Recombination distances between loci in
centimorgans are shown to the left of the chromosome and the posi-
tions of loci mapped in this study can be obtained from GDB (Genome
Data Base), a computerized database of human linkage information
maintained by The William H. Welch Medical Library of The Johns
Hopkins University (Baltimore, MD}.
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GGATCCCTAAGTCATCTTTTTAGCCCTGCAAATTTGCTGGTGAGCAGTTA -849
BAM H1 SITE
CAATAAAGCTTCCTGGCAGTTCCTTCTACCAGAGTGTTAAAGTARTCCAG  -79%
GTATTTGAAGGCACGAAATGGAATAGCTTAATCTCATCTCTCAGTGGTTC -74¢
AGATGGATGCGAAGGTCATCECTACAGCTACCTGGTCTAGGAGTGTGTAC  ~69%
ER HALF SI>
ATCATGTAAACATCCAGGTCAAGTGACAGAGCTCAGCTAAAATCCAGAAG  -64%
ER HALF SI> INF-1>
TCCCCTGACACCAGAGTTAGTTTTCCATGARAGAAATGCCTATAAGAAAC  -599
TGGACCAGGATAAAGC AARGAGTAAGGGGCAGGAAGAMAGCTTATBATTG -549
LF-Al> TATA BOX>
CATTACTGCAATCTTCTGCAAAATCAGACTTCTGCTTCTGTTCCACCTCT  -499
TTAAAGCTGAAAATGCCTCAAGTTTC TTACTGAGAGACATGAGAARTTCC  -449
ATGAATACTAAATTCTTTGACAAPTTCTAGCATGGTTTCATCCARGGTTA  -399
TGTGATGAGGCTGCATAATATAGGCTCTATATGTTTGGGTATTTTATGCG  -349
TGTATGTAACTTTGTCACTTTGATTTGCARAATGGAAMATTCCCTGRATG  -299
<NF-kB CS1
CCCACAGARAAGTATAATGTAGCATTTAGCAGGTCAACAAAATGCACTCC  -249
TATA BOX> ER HALF SI>
CTTATTCTTTGTCTCCGCCTCATTCTCCAACACTTTAGTGCACTAAGTTG  ~199
TAGTGACTGAAATCATTCTTGGIGAATAATGC TGGGCCACGCTGARAATT  -149
APLl CS53>
PGTGGCTGAGAGCTGGACCCTCGTCATCGCCACGTACTCTGTCAATGAGA  -99
LF-Al>
CAGGGTAACCCATGGTTACTGAGCTCCGATCAGTTAAGGGGCAGAGAGCC  -49
TCCOCTCCCCACTGCTCTATAARAGAGACCCAGC AAAGGGACCCTACCAG  +2
TATA BOX> CAP SITE>
CITCTAGCTC TCAGTCTGCGUGAGGGTGTAGGAAGGAAAGCCCAGGACCT  +52
MET
CCGGAGCAGAGCACAGCAGCTGCAGAGGCAAGGCCAGCATGTCGCCCAAL  +102
<OLIGO DOM 48
TTCAARCTTCAGTGTCACTTCATTCTCATCTTCCTGACGGCTCTAAGAGG  +152
SPLICE JUNCTION
GGAAAGCCGGTACCTAGAGGTGAGCCACCCCTGGACTGACCCATCTCAC  +203
Y L E
N-TERMINAL AMINO ACIDS

FIG. 4. Diagram showing the extreme 5 sequence of the human
CRF-BP gene up to the 5' BamHI site of CL. BP 8. The position of the
conserved TATA box is shown underlined as TATA and the tran-
scriptional initiation site is indicated by +1. The first methionine is
indicated by MET and the first three N-terminal amino acids of the
mature protein are indicated by YLE. The first exon/intron splice
junction and the oligonucleotide, Dom 48, used for the primer exten-
sion analyses are also marked. All putative promoter elements are
underlined.

library it is possible that the CRF-BP message starts
from different places depending on if it is expressed in
the brain or in the liver. It still must be noted, however,
that the rat promoter sequence may differ in this re-
spect, which would account for the longer 5 untrans-
lated region of the rat cDNA (Potter et al., 1991). Clarifi-
cation of this awaits the cloning and characterization of
the rat CRF-BP promoter sequence.

The promoter sequence was screened for promoter ele-
ments using the computer program Macvector. A num-
ber of putative promoter elements were found, which
may explain to some degree the proteins tissue distribu-
tion and give clues to its transcriptional regulation.
There is an AP1 site at —176 bp, which is known to hind
the general transcription factors fos and jun (Lee et al.,,
1987), but there was no evidence for a cyclic AMP re-
sponse element (CRE) in the extreme 5 sequence (Fig.
4). We have previously reported that the human CRF-
BP is expressed in the liver (Potter et al., 1992) and that
this tissue is likely to be the main source of the circulat-

ing protein in normal human plasma. In our search for
tissue-specific elements we were therefore interested in
finding sequences corresponding to the core motif of
TG[GA][AC]CC at —135 and —598 bp, which has been
reported to bind two distinct liver-specific enhancer
proteins LFA1 and LFB1 (Hardon et al., 1988; Fig. 4). In
light of the structural similarities between the hCRF-BP
gene and the immunoglobulin family of genes it was in-
triguing to find a number of immunoglobulin-like en-
hancer elements in the extreme &' flanking region. The
immunoglobulin enhancer element for NF-«B, a tran-
scription factor known to regulate immunoglobulins and
interleukins, was located at —305 bp (Lenardo and Bal-
timore, 1989; Fig. 4). This was of particular interest
since NF-«B has been shown to bind to the acute-phase
response element (AFPE) of the angiotensin gene and is
thought to be important in activating liver-specific
genes in response to inflammation or injury (Ron et al,,
1989). Indeed one other immune-type enhancer element

human fetal liver RNA
yeast transfer RNA
no RNA
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FIG. 5. Diagram showing primer extension analyses of human
fetal liver RNA. Human fetal liver RNA (100 ug) was ethanol precipi-
tated and resuspended in 7 xl sterile TE, 2 ul 5 annealing buffer (1x
TE containing 1.25 M KCi) and 1 gl of **P-end-labeled primer Dom 48
(total volume = 10 ul). The reaction was annealed at 55°C for 1 h after
which time 23 ] of extension mix (20 mM Tris-HCI, pH 8.7, 10 mM
MgCl,, 100 pg/ml actinomycin D, 5 mM DTT, 0.33 mM dNTPs} and
10 units of AMV reverse transcriptase were added. The reaction was
then further incubated at 50°C for 1 h and the RNA was precipitated
and resuspended in 4 ul of Sequenase stop solution. Two controls were
used for this analysis: first yeast tRNA was subjected to primer exten-
sion in the same manner and second the reaction was allowed to pro-
ceed without the addition of RNA. All reaction products were then
analyzed on 8% urea sequencing gels, Sequence was primed from sub-
clone CL. BP8 using the oligonucleotide Dom 48, which identified the
first base in the primary transcript to be the thyamine adjacent to the
arrowhead. In the sense orientation this identified the transcriptional
initiation site to be the adencsine of the putative CAP site at +1 (see
Fig. 4).
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that binds INF-1, a transcription factor known to regu-
late the interferon gene {(Fujita et al., 1987), was located
at —676 bp (Fig. 4). Finally, a number of estrogen recep-
tor half-sites (Vaccaro et al., 1990; Fig. 4) were also iden-
tified at positions —735, —682, and 267 bp. Further stud-
ies are needed to ascertain if any of these putative pro-
moter elements within the 849-bp flanking region are
important in the control CRF-BP gene expression,

In summary, we have cloned the human CRF-BP
gene, mapped its location to human chromosome 5, and
isolated and characterized 898 bp of its extreme 5" se-
quence. Primer extension analyses located the position
of a potential transcriptional start site to be 32 bp from a
conserved TATA box. The gene consists of 7exons and 6
introns. The mature protein has 10 cysteines and 5 tan-
dem disulfide bridges 4 of which are contained within
exons 3, 5, 6, and 7. One bridge is shared by exons 3 and
4. Furthermore, this multiple-intronic/exonic structure
of the human CRF-BP gene may provide the potential
for an alternate splicing event.
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