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A human genomic DNA segment containing the gene for the
corticotropin-releasing factor precursor has been isolated by
screening a gene library with an ovine cDNA probe. The clon-
ed DNA segment has been subjected to restriction endo-
nuclease mapping and nucleotide sequence analysis. Com-
parison of the nucleotide sequence of the gene with that of the
ovine cDNA indicates that an intron of 800 bp is inserted in
the segment encoding the 5' -untranslated region of the
mRNA. The segment corresponding to the protein-coding
and the 3'-untranslated region of the mRNA is uninter-
rupted. The mRNA and amino acid sequences of the human
corticotropin-releasing factor precursor have been deduced
from the corresponding gene sequence. The deduced amino
acid sequence of human corticotropin-releasing factor ex-
hibits seven amino acid substitutions in comparison with the
ovine counterpart.
Key words: corticotropin-releasing factor precursor gene/
human corticotropin-releasing factor/intron/nucleotide se-
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Introduction
Corticotropin-releasing factor (CRF), which was found to

exist in the hypothalamus (Guillemin and Rosenberg, 1955;
Saffran and Schally, 1955), mediates the neural control of the
pituitary-adrenocortical system and plays a critical role in the
endocrine response to stress. Vale's group (Vale et al., 1981;
Spiess et al., 1981) has isolated and sequenced a 41 amino
acid ovine hypothalamic peptide with corticotropin-releasing
activity, and this peptide is believed to represent the major
physiological CRF (for reviews, see Fink, 1981; Yasuda et al.,
1982). Recently, we have elucidated the primary structure of
the biosynthetic precurser of ovine CRF (hereafter referred to
as prepro-CRF) by determining the nucleotide sequence of
cloned DNA complementary to the mRNA encoding the
precursor (Furutani et al., 1983). To understand the
molecular mechanism responsible for the hypothalamic-
pituitary-adrenocortical response to stress, it is essential to
isolate and characterize the gene encoding prepro-CRF and to
study the regulation of expression of this gene. We have now
cloned a human genomic DNA segment containing the
prepro-CRF gene and have analysed the structural organiza-
tion of the gene by restriction endonuclease mapping and
DNA sequencing. The mRNA and amino acid sequences of
human prepro-CRF have been deduced from the correspon-
ding gene sequence.

*To whom reprint requests should be sent.

IRL Press Limited, Oxford, England.

Results and Discussion
Cloning of the human prepro-CRF gene
A human genomic DNA library, kindly provided by

T.Maniatis (Lawn et al., 1978), was screened for phage carry-
ing prepro-CRF gene sequences by hybridization in situ with
an ovine cDNA probe. From - 5 x 105 plaques, three
hybridization-positive clones were isolated. One of these
clones (first type) carried a DNA insert containing three
EcoRI fragments with approximate lengths of 1.2, 1.5 and
11.0 kb, and only the 11.0-kb fragment hybridized with the
cDNA probe. The remaining two clones (second type) con-
tained two EcoRI fragments with approximate lengths of
6.1 kb and 8.0 kb, and only the 8.0-kb fragment was
hybridization-positive. Restriction endonuclease mapping
and blot hybridization analysis with cDNA probes indicated
that the 8.0-kb EcoRI fragment in the clones of the second
type corresponds to the upstream 8.0-kb portion of the
11.0-kb EcoRI fragment in the clone of the first type. Figure
lA shows a restriction map thus constructed for this 11.0-kb
EcoRI fragment. The 8.0-kb EcoRI fragment and the
hybridization-positive 3.8-kb HindlII fragment derived from
the 11.0-kb EcoRI fragment were subcloned in plasmid
pBR322 for further analysis.

Blot hybridization analysis of human placental cellular
DNA exhibited hybridization-positive fragments anticipated
from the restriction map of the cloned genomic DNA (Figure
2). No additional distinct hybridization-positive bands were
detected even when hybridization was carried out at 50°C.
These results indicate that the cloned DNA segment contain-
ing the prepro-CRF gene retains the sequence organization
found in the cellular DNA. They further suggest that there
are no other closely related genes or pseudogenes in the
human genome.
Structural analysis of the human prepro-CRF gene
The cloned human genomic DNA segment containing ex-

ons was subjected to detailed restriction endonuclease mapp-
ing and to nucleotide sequence analysis, which was carried
out by the procedure of Maxam and Gilbert (1980) according
to the strategy indicated (Figure iB). Comparison of the
human genomic DNA sequence (Figure 3) with the ovine
cDNA sequence (Furutani et al., 1983) has enabled us to
locate an intron of 800 bp in the segment encoding the
5'-untranslated region of the mRNA 15 bp upstream of the
translational initiation site. The intron begins with a GT and
ends with an AG dinucleotide, following the general rule for
exon-intron boundaries (Breathnach et al., 1978). Further-
more, the sequences found at the boundaries are consistent
with the splice junction sequences observed for other genes
(Mount, 1982). Because additional potential donor and ac-

ceptor sequences (for example, residues -712 to - 704 and
- 250 to - 242 as donors; residues - 350 to - 335 and - 205
to - 190 as acceptors) are found in the intron, a possibility of
alternative splicing (Early et al., 1980; DeNoto et al., 1981;
Noda et al., 1982; Amara et al., 1982; Crabtree and Kant,
1982) cannot be excluded. The segment corresponding to the
protein-coding and the 3'-untranslated region of the mRNA
is uninterrupted.
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Fig. 1. Restriction mapping of the cloned human genomic DNA segment containing the prepro-CRF gene and sequencing strategy. Restriction maps with

scales on the right side are given for the 1.0-kb EcoRI fragment (A) and a portion of this fragment containing exonic sequences (B). The direction of

transcription is from left to right. For reference, the locations of exons are indicated by closed boxes. All existing sites for the endonucleases shown are

displayed in A, but only the relevant restriction sites are given in B and they are identified by numbers indicating the 5'-terminal nucleotide generated by

cleavage (for the nucleotide numbers, see Figure 3). The horizontal arrows beneath the restriction map in B indicate the direction and extent of sequence

determinations; the sites of 5' end-labelling are shown by short vertical lines at the end of the arrows.

Fig. 2. Autoradiogram of blot hybridization analysis of human placental
DNA. Samples of human placental DNA (1 5 ug each) were digested with

the following endonucleases: (A and B) HindIII (lane 1), SstI (lane 2) or

HindlII plus Sstl (lane 3); (C) Hindlll (lane 1) or EcoRI (lane 2). The

digestion products were electrophoresed on a 1 (A and B) or 0.7% (C)

agarose gel, transferred to a nitrocellulose filter and hybridized at 60'C (A
and B) or 50'C (C) to the following cloned human genomic DNA probes

(see Figure IB): (A) the Hinf[( I163)-Pstl( 857) fragment containing
128 bp of the upstream exon; (B and C) the HinfI(30)-HinJI(614) fragment

containing 584 bp of the downstream exon. The size markers, the lengths
of which are given in kb, were a mixture of XcI857S7 DNA (Philippsen et

al., 1978) digested with HindlII and pBR322 DNA (Sutcliffe, 1978)

digested with Pstl and Hinfl. On lanes 2 and 3 in B, the 600-bp SstI frag-
ment was not detectable, probably because only 73 bp of this fragment are

homologous with the probe used.

Attempts to identify the 5' terminus of prepro-CRF
mRNA on the cloned DNA by the SI nuclease mapping pro-

cedure or by a primer elongation experiment were unsuc-

cessful, apparently because of the very low content of this

mRNA in hypothalamic poly(A) RNA (Furutani et at., 1983).

We tentatively assign the capping site to the A residue at posi-

tion 985, which is located 55 bp upstream of the site cor-

responding to the 5' end of the cloned ovine cDNA (Furutani

et at., 1983), because a putative TATA box (for review, see

Breathnach and Chambon, 1981) and a putative CAAT box

(Benoist et at., 1980) are found 23 bp and 58 bp upstream of

the putative capping site, respectively, and because eukaryotic

mRNAs generally start with an A residue (for review, see

Breathnach and Chambon, 1981). The translational initiation

site is assigned to the AUG codon at positions -3 by com-

parison with the ovine cDNA sequence (Furutani et at.,

1983). This assignment is corroborated by the finding that

this site represents the first AUG triplet that appears down-

stream of the nonsense codon UAA (residues 911 to 909)

found in-frame. The 3'-untranslated region of human

prepro-CRF mRNA contains two copies of the sequence

AAUAAA (residues 1010 1015 and 1077-1082), which are

probably involved in poly(A) addition after transcription

(Proudfoot and Brownlee, 1976). It is possible that human

prepro-CRF mRNA, like the ovine counterpart (Furutani et

at., 1983), is polyadenylated at multiple sites. The poly-

adenylation sites are assigned to residues 1036 and 1094 by

comparison with the ovine cDNA sequence.

Primary structure of human prepro-CRF and its comparison
with ovine prepro-CRF

The primary structure of human prepro-CRF has been

deduced from the corresponding gene sequence (Figure 3).
Human prepro-CRF consists of 196 amino acid residues. The

sequence of the amino-terminal 24 amino acid residues ex-

hibits a feature characteristic of the signal peptide of secretory

proteins (Blobel and Dobberstein, 1975), which generally
contains a region rich in hydrophobic amino acids with large
side chains in its central portion and terminates in a residue

having a small neutral side chain (for example, Ala, Gly or

Ser) (Steiner et at., 1980). Therefore, a possible site for

cleavage of the signal peptide of human prepro-CRF seems to

be located after the alanine residue at position 24 (alternative-
ly after the serine residue at position 27).
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Human corticotropin-releasing factor precursor gene

Human gene 5'---GGCCTTTCATAGTAAGAGGTCAATATGTTTTCACACTTGGGAAATCTCATTCAAGAATTTTTGTCAATGGACAAGTCATAAGA
Ovine cDNA -1300oo -1H0 -1260 -1240

AGCCCTTCCATTTTAGGGCTCGTTGACGTCACCAAGAGGCGATAAATATCTGTTGATATAATTGGATGTGAGATTCAGTGTTGAGATAGCAAAATTCTGC
-1220 -1200 -1180 -1160 -1140

CCCTCGTTCCTTGGCAGGGCCCTATGATTTATGCAGGAGCAGAGGCAGCACGCAATCGAGCTGTCAAGAGAGCGTCAGCTATTA GGCAAATGQTGCGTGG
-1120 -1100 -1080 -1060 -1040

+
TTTTTGAAGAGGGTCGACACUTAAA|CCACTCCAGGCTCTGGAGTGGAGAAACTCAGAGACCAAGTCCATTGAGAGACTGAGGGGAAAGAGAGGAGA

-1020 -1000 -980 -960 -940

GAAAGAAAAAGAGAGTGGGAACAGTAAAGAGAAAGGAAGACAA:: CCTCCAGAGAAAGCCCCCGGAGACGTCTCTCTGCAGAGAGGCGGCAGCACCCGGC
G C -9s o G A G G G TC GA AA A T: -e80 A T G TC

TCACCTGC: GAAGCGCCTGGGAAG|TAGGGAGCGCCTGGACGGAACACGCCACCAACTTTGCGTTGCCTGAGCTGCCGCGATGTGCGCCGCGGAGCCGGC
A A CA tIntron- -800 -780 -760 -740

TGCCCCTGCCTGTGTACGTGTGTATGCATGTGTGTGCGTGCGTGTGTGTGTGTGTATGCATGTGTGTATGCGTATGTGTGTGTGTGTATGCGCGCGTGCG
-720 -700 -680 -660 -640

TGCGTGTGTGTGTGCGCGCGTGTTCGCGGACTATTCCTTAAGATTACAATAGTAGCTGGGATGTGGCAAAAGCAAACTTAGACGGCTGCTCTTCGTTACC
-620 -600 -580 -560 -540

CGTGCTGCCAGTTGCTCCTTGCTGGCTGTGTAAAGGAGCTCCCCCACCCCCTTCTATCCTAACCCCCGAGATAAGGCAGCAAGGGCAGAAGTGGAGAGGG
-520 -500 -480 -460 -440

AGGACCATGAGGCAGTAGTTCTCAATTTGGAAGAAAATGCTGAAATATCCGGAAGGGAGGTAGTCAGCGCGGGTGGGATCTTAAATCTGTGGCTCTTCTC
-420 -400 -380 -360 -340

TAGGATCGGGAAAATTAGTTTTGAGGATCGTTAGGAAGAGGACGCAGGGACCGTCCTTTCAGAGTCTAGAAAGAAGGGTCACTCCTGGCCGGTGAGCGCA
-320 -300 -280 -260 -240

TGAGCTTAGGTGCGGAGCCTGCAGGCGCCCCCTTTCCCCGCTCCCCAGGCGCTTCAGCACCGCGGACAGCGCCCATCCGACTCACTGAGGCCAAAGCCCA
-220 -200 -180 -160 -140

GCACGTCTAAGGCAGTCCCGTAGGAAGACCCCGTGTGCACCTCCCAGCTGAGCGAACTCTAACCAACTCTTTCTTTCTCTCTTCCCCTCTCTCATTCCGC
-120 -100 -80 -60 -40

1 10 20
MetArgLeuProLeuLeuVal SerAl aGl yVal LeuLeuVa l Al aLeuLeuProCys ProPr

CCTCCGCCCACCTCTGTGCCGCA IGAGTGCCCCTAACATGCGGCTGCCGCTGCTTGTGTCCGCGGGAGTCCTGCTGGTGGCTCTCCTGCCCTGCCCGCC
--Intronj :::C -ii A C o T C 40 G C 610

Val Ser
30 40 50

oCysArgAlaLeuLeuSerArgGlyProVal ProGlyAlaArgGlnAlaProGlnHisProGlnProLeuAspPhePheGlnProProProGlnSerGlu
ATGCAGGGCGC TCCTGAGCC GC GGGCCGGTC CCGGGAGC TCGGCAGGCGCCGCAGCACCCTCAGCCC TTGGATTTC TTCCAGCCGC CGC CGCAGTCC GAG

C C eo G CA T C AT ik C C AG 140 T
Ile Ser Ser Leu

60 70 80
Gl nProGl nGl nProGl nAl aArgProVa lLeuLeuArgMetGl yGl uGl uTyrPheLeuArgLeuGl yAs nLeuAs nLys SerProAl aAl aProLeuS
CAGCCCCAGCAGCCGCAGGCTCGGCCGGTCCTGCTCCGCATGGGAGAGGAGTACTTCCTCCGCCTGGGGAACCTCAA ,AAGAGCCCGGCCGCTCCCCTTT

G A C1i o T CAC A 200G T G A 220 T G TG C G T C
Glu Leu Thr Val AspGluThrArg

90 100 110 120
erProAlaSerSerLeuLeuAlaGlyGlySerGlySerArgProSerProGluGlnAlaThrAlaAsnPhePheArgValLeuLeuGlnGlnLeuLeuLe
CGCCCGCCTCCTCGCTCCTCGCCGGAGGCAGCGGCAGCCGCCCTTCGCCGGAACAGGCGACCGCCAACTTTTTCCGCGTGTTGCTGCAGCAGCTGCTGCT
T G CT A CA A A TT T CA TG A C C

Ala Pro SerArg Ser Leu AspLysValAla Ala

130 140 150
uProArgArgSerLeuAspSerProAlaAlaLeuAlaGluArgGlyAlaArgAsnAlaLeuGlyGlyHisGlnGluAlaPro GluArgGluArgArg
GCCTCGGCGCTCGCTCGACAGCCCCGCGGCTCTCGCGGAGCGCGGCGCTAGGAATGCCCTCGGCGGCCACCAGGAGGCACCG: :GAGAGAGAAAGGCGG
:C C A 380 A (T)G C (A)A A GGA C 42o A G G AGCC CC GA G A

Pro GlyPro (Lys) ThrGlu SerArg AlaAla Lys
160 170 180

SerGluGIuProPro I 1eSerLeuAspLeuThrPheHisLeuLeuArgGluValLeuGluMetAlaArgAlaGl uGlnLeuAl aGlnGlnAlaHisSerA
SCCGAGGAGCCTCCCATCTCCCTGGATCTCACCTTCCACCTCCTCCGGGAAGTCTTGGAAATGGCCAGGGCCGAGCAGTTAGCACAGCAAGCTCACAGCA
460 C A T 480 (T) A 52o A A T 540 G T

Gln ThrLys Asp
190

snArgLysLeuMetGlulIeI lyLys
ACAGGAAACTCATGGAGATTATTGGAAATAAAACGGTGCGTTTGGCCAAAAAGAATCTGCATTTAGCACAAAA:::::::::AAAATTTAAAAA:::::
T GT C GC G (:)e6o0 T T T GTGAATTTA C TTAAA

LeuAsp Ala

:::::: AATACAGTATTCTGTACCATAGCGCTGCTCTTATGCCATTTGTTTATTTTTATATAGCTTGAAACATAGAGGGAG :AGAGGGAGAGAGCCTAT
AAATAAA A AT G G A 700 A G TG ATITC CA C C G
ACCCCTTACTTAGCATGCACAAAGTGTATTCACGTGCAG::: CAGCAACACAATGTTATTCGTTTTGTCTACGTTTAGTTTCCGTTTCCAGGTGTTTATA

T A C TA TAA G 'G AT A T CA CC A T C TAC C T

GTGGTGTTTTAAAGAGAATGTAGACCTGTGAGAAAACGTTTTGTTTGAAAAAGCAGACAGAAGTCACTCAATTGTTTTTGTTGTGGTCTGAGCCAAAGAG
ACA 840 T G A CAG G T :::: 8eo G T T s6oCAT C A A f T T A
AATGCCATTCTCTTGGGTGGGTAAGACTAAA: TCTGTAAGCTCTTTGAAACAACTTTCTCTTGTAAACGTTTCAGTAATAAAACATCTTTCCAGTCCTTG

AT A G 4o6A A A 9;o C TC C 1020 A T

GTCAGTTTGGTTGTGTAAGAGAATGTTGAATACTTATATTTTTAATAAAAGTTGCAAAGGTAATCATGACTTTACTGTTTCTCTTCAGTGCTCATACACT
A A C C C' T C 1e80 C 10oo 1120

GGAAATACTCTCTTAGCTTCCTCCAAATTGTCTTCAGCACCAGAAAAGAAAAGCAAAACTTCCTGCATTATATTTTTCCACTAAAMATGCAAACATATGT
1140 1160 1180 1200 1220

CAGTGGCTTACACAGACCCTGCAATCACGTTGGGCTCATCTCTGTGCCATGGACTACTTCTCTGAGGTTGAGTTAATAATTCAGGAAGTTGCTCCCAGCA
1240 1260 1280 1300 1320

GCTCTAAAACATGGTAATTCTAAAAGGGAAGATC---3'
1340 1360

Fig. 3. Nucleotide sequence of the human prepro-CRF gene and its comparison with that of ovine cDNA. The nucleotide sequence of the human message
strand, together with the deduced amino acid sequence, is shown. Nucleotide residues in the human sequence are numbered in the 5' to 3' direction, begin-
ning with the first residue of the ATG triplet encoding the initiative methionine, and the nucleotides on the 5' side of residue 1 are indicated by negative
numbers. Amino acid residues in the human sequence are numbered beginning with the initiative methionine. The nucleotide and amino acid differences
found in the ovine sequences (Furutani et al., 1983) are displayed beneath the human sequences; the absence of a nucleotide or an amino acid in the ovine se-
quence means that the human and ovine sequences are the same; the presence of a colon in either nucleotide sequence indicates a gap; the nucleotide or
amino acid differences in parentheses mean that they apply only to a certain ovine cDNA clone(s), whereas the other clone(s) shows the same sequence as the
human counterpart; at position 920, T (underlined) or C is found in ovine cDNA clones instead of G in the human sequence. The 5' end of the cloned ovine
cDNA is marked with an asterisk. The exon-intron junctions, which are positioned according to the GT/AG rule (Breathnach et al., 1978), are indicated
by vertical lines. The putative sites of capping and poly(A) addition are shown by arrows. The putative TATA box and the putative CAAT box are enclosed
with boxes. The sequence of human CRF, together with the coding nucleotides, is also boxed.
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Fig. 4. Comparison of the amino acid sequences of human CRF, ovine CRF, frog sauvagine, sucker urotensin I and carp urotensin I. The sequence data
have been taken from the following references: ovine CRF (Vale et al., 1981); Phyllomedusa sauvagei sauvagine (Montecucchi et al., 1979); Catostomus com-
mersoni urotensin I (Lederis et al., 1982a); Cyprinus carpio urotensin I (Ichikawa et al., 1982). The one-letter amino acid notation is used. For comparison,
the pyrrolidonecarboxylic acid residue at the amino terminus of sauvagine is regarded as glutamine (marked with an asterisk). The carboxy-terminal residues
of all the peptides are amidated; the carboxy-terminal amidation of human CRF is assumed (see text). Sets of five identical residues are enclosed with solid
lines, and sets of five residues considered to be favoured amino acid substitutions are enclosed with dotted lines. Favoured amino acid substitutions are defin-
ed as pairs of residues belonging to one of the following groups: S, T, P, A and G; N, D, E and Q; H, R and K; M, I, L and V; F, Y and W (Dayhoff et
al., 1978).

The deduced structure of human CRF, which is composed
of 41 amino acids (residues 154-194), exhibits seven amino
acid substitutions in comparison with ovine CRF (Vale et al.,
1981), that is, Glu for Gln (2), Ala for Thr (22), Arg for Lys
(23), Glu for Asp (25), Met for Leu (38), Glu for Asp (39) and
Ile for Ala (41); the numbers in parentheses indicate the
amino acid number of CRF beginning with its amino ter-
minus. All these replacements represent changes among
chemically similar amino acids (Dayhoff et al., 1978) and are
caused by single nucleotide substitutions, except for the
Ile/Ala replacement at the carboxyl terminus of CRF. The se-
quence of human CRF in its precursor, like the ovine
counterpart (Furutani et al., 1983), is preceded by the paired
basic residues Arg-Arg, which apparently represent the site of
proteolytic processing (Steiner et al., 1980), and is followed
by the dipeptide Gly-Lys, which constitutes the carboxyl end
of prepro-CRF. This implies that the carboxy-terminal iso-
leucine residue of human CRF is also amidated (Suchanek
and Kreil, 1977; Nakanishi et al., 1979; Amara et al., 1980;
Shibasaki et al., 1980; Seidah et al., 1981; Land et al., 1982;
Yoo et al., 1982; Bradbury et al., 1982; Furutani et al., 1983).

Comparison of the amino acid sequences of human and
ovine prepro-CRF shows that the CRF and the signal peptide
region are more highly conserved than the remaining regions.
The degree of homology is 83% for CRF (residues 154- 194)
and 92% for the signal peptide (assuming the segment of
residues 1- 24), whereas it is 73%Vo for the region composed of
residues 25-122 and 64'7o for the region composed of
residues 125 - 151; the latter two regions are separated by the
paired basic residues Arg-Arg which may represent a site of
proteolytic processing. These less conserved regions exhibit
seven amino acid additions (Ser-Glu-Gln at positions 53 - 55
and Gln-Leu-Leu-Leu at positions 118-121) and one amino
acid deletion (Ala between positions 148 and 149) in the
human sequence as compared with the ovine counterpart; for
calculating the degree of homology, these gaps have been
counted as one substitution regardless of their length.

Figure 4 compares the amino acid sequences of human and
ovine CRF, sauvagine from frog skin (Montecucchi et al.,
1979) and urotensin I from sucker and carp urophysis
(Lederis et al., 1982a; Ichikawa et al., 1982). The two non-
mammalian peptides also stimulate the release of cortico-
tropin and exhibit potent vasodilatory, hypotensive activity
(Lederis et al., 1982a, 1982b); the vasodilatory activity of
CRF is considerably weaker than those of urotensin I and
sauvagine (Lederis et al., 1982b). The regions near the amino

and the carboxyl termini are highly conserved among the five
peptides and may be essentially involved in corticotropin-
releasing activity. Computer analysis of the amino acid se-
quences for secondary structure (Chou and Fasman, 1978)
shows that the segments extending from position 7 to position
31 of these peptides share a predicted a-helical structure.
Secondary structure predictions of ovine CRF and sauvagine
have been reported (Montecucchi and Gozzini, 1982).

Materials and methods
Screening of the human genomic DNA library
The gene library used was a collection of recombinant phage that carried

human fetal liver DNA fragments generated by partial digestion with HaeIII
and AluI and joined to the X Charon 4A arms with EcoRI linkers (Lawn et
al., 1978). Phage were screened by hybridization in situ according to the pro-
cedure of Benton and Davis (1977) modified by Woo et al. (1978). The
hybridization probe used was the RsaI fragment of -650 bp containing
nucleotide residues 110-724 of ovine prepro-CRF cDNA, which was excised
from clone pCRF31 (Furutani et al., 1983) and was labelled with [a-3ZP]dCTP
by nick-translation (Weinstook et al., 1978); one of the RsaI sites was located
on the vector DNA (Okayama and Berg, 1982) 22 bp upstream of the PstI site
flanking the cDNA insert. Hybridization-positive phage clones were isolated
by repeated plaque purification.
Restriction mapping, blot hybridization and nucleotide sequence analysis

Restriction endonucleases were purchased from Takara Shuzo Co.,
Bethesda Research Laboratories and New England BioLabs. Reactions were
carried out under the conditions recommended by the suppliers. Separation of
the restriction fragments was carried out by electrophoresis on agarose gel
(Polsky et al., 1978) or on polyacrylamide gel (Nakanishi et al., 1979). Blot
hybridization analysis of human placental DNA, isolated by the procedure of
Polsky et al. (1978), and of cloned genomic DNA was conducted according to
the methods described by Southern (1975) and Smith and Summers (1980),
respectively. The ovine cDNA probes used were the RsaI fragment described
for screening phage (see above) and the AluI-AvaI fragment containing
nucleotide residues - 127 to 93 of prepro-CRF cDNA derived from pCRF43
(Furutani et al., 1983); the AluI site is located on the vector DNA (Sutciffe,
1978) 48 bp upstream of the PstI site flanking the cDNA insert. For the
human genomic DNA probes used, see the legend to Figure 2. The hybridiza-
tion probes were labelled by nick-translation (see above). 5' End-labelling of
restriction fragments and DNA sequencing were carried out by the procedure
of Maxam and Gilbert (1980). Subcloning of genomic DNA fragments in
plasmid pBR322 was performed as described by Frischauf et al. (1980).
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