Proc. Natl. Acad. Sci. USA
Vol. 80, pp. 6838-6842, November 1983
Biochemistry

Isolation of a genomic clone for bovine pancreatic trypsin inhibitor
by using a unique-sequence synthetic DNA probe
(genomic libraries /synthetic oligonucleotides /hybridization with single-stranded probes)

STEPHEN ANDERSON* AND I. BARRY KINGSTON

Medical Research Council, Laboratory of Molecular Biology, Hills Road, Cambridge, CB2 2QH England

Communicated by F. Sanger, August 10, 1983

ABSTRACT  Unique-sequence synthetic DNA probes, based
on the known amino acid sequence of bovine pancreatic trypsin
inhibitor, were constructed from oligodeoxynucleotides. In ge-
nomic Southern blot experiments, these probes were shown to hy-
bridize specifically to discrete restriction fragments. A synthetic
probe also was used to isolate a cloned BPTI gene from a bovine
genomic library. DNA sequence analysis of this clone indicated
that the BPTI coding region was neither preceded by a start codon
nor immediately followed by a termination codon. This suggests
that the mature form of BPTI may be produced through proteo-
lytic processing from a larger polypeptide precursor.

Bovine pancreatic trypsin inhibitor (BPTI) is a small 58-amino-
acid basic protein found in a variety of bovine tissues, including
lung, parotid gland, spleen, liver, and pancreas (1, 2). Although
its exact physiological role and site of synthesis are unclear, its
interactions with trypsin and other serine proteases such as kal-
likrein, chymotrypsin, and plasmin have been well character-
ized (1, 2). The refolding pathway, involving disulfide bond
rearrangements, is better understood for BPTI than for any other
protein (3). Moreover, because of its small size, high solubility,
and stability, BPTI has been an object of intense physical and
theoretical study as a model globular polypeptide (4-6).

The availability of a cloned gene for BPTI would enable us
to learn more about the properties of the protein in vivo, in-
cluding the site and mode of its synthesis, and its evolutionary
relationship to other homologous proteins. Moreover, by cou-
pling the BPTI gene to a suitable expression system, it would
be possible to engineer BPTI variants genetically and, thus, to
test the structure~function relationships of an extremely well-
studied polypeptide. For these reasons we undertook the iso-
lation of the gene for BPTIL

Our initial approach was to isolate mRNA with the intention
of synthesizing a cDNA copy. However, we were unable to
demonstrate the presence of BPTI in in vitro translations of
mRNA prepared from bovine parotid gland or lung despite the
fact that these tissues are good sources of the native protein.
In view of the uncertainty regarding its site of synthesis and the
abundance of its mRNA, we decided to adopt an approach us-
ing synthetic probes to isolate a genomic clone.

Unique-sequence synthetic oligodeoxynucleotide probes have
been used previously to isolate genomic clones for protein genes
from lower eukaryotes (7, 8). However, in these cases prior data
from frameshift mutants allowed the exact sequences of the genes
to be inferred. More generally, mixed-sequence oligodeoxynu-
cleotide probes have been used to isolate protein genes of un-
known sequence from cDNA libraries (9). Such probes are typ-
ically mixtures of 8-32 oligonucleotides, 14-17 nucleotides in
length, representing every possible codon combination for a
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small stretch (5-6 residues) of amino acid sequence. Under
stringent hybridization conditions that discriminate against in-
correctly base-paired probes, these mixtures are capable of lo-
cating specific gene sequences in clone libraries of low-to-mod-
erate complexity (9-12). Nevertheless, because of their short
length and heterogeneity, mixed probes often lack the speci-
ficity required for probing sequences as complex as a mam-
malian genome. This makes such a method impractical for the
isolation of mammalian protein genes when the corresponding
mRNAs are unavailable.

We describe here a novel method of gene isolation that uses
unique-sequence synthetic gene fragments as specific probes.
We have used this method to isolate a gene for BPTI from a
bovine genomic library. A similar approach also has been used
recently by Jaye et al. (13) to isolate a cDNA clone for human
factor IX.

MATERIALS AND METHODS

Materials. Protected nucleotide monomers were purchased
from Cruachem (Bend, OR); Klenow DNA polymerase, from
Boehringer Mannheim; proteinase K, from British Drug House;
restriction enzymes, from New England BioLabs; T4 polynu-
cleotide kinase and deoxynucleoside and dideoxynucleoside
triphosphates, from P-L Biochemicals; r[ y-*2P]JATP and d[ o-3*P]-
ATP (10 mCi/ml, aqueous; 1 Ci = 37 GBq), from Amersham;
and Escherichia coli DNA, from Sigma.

Oligonucleotide Synthesis. DNA oligonucleotides were syn-
thesized by using the phosphotriester method with monomer
addition on a solid-phase support (14, 15). Oligonucleotides were
purified by HPLC or by polyacrylamide gel electrophoresis in
7 M urea. The oligonucleotides synthesized and their se-
quences were as follows:

P1 C-T-A-G-G-C-A-C-C-A-C-C-G-C

P2 C-G-T-A-C-C-T-G-C-G-G-T-G-G

P3  A-G-G-T-A-C-G-C-A-T-A-C-A-G

P4 C-C-G-A-G-G-A-C-T-G-T-A-T-G

P5 T-C-C-T-C-G-G-C-G-C-T-C-T-T

P6 A-A-C-T-T-C-A-A-G-A-G-C-G

P7 G-A-A-G-T-T-G-T-T-G-C-G-C-T-T-G-G-C

P8 T-G-T-C-G-C-G-C-C-A-A-G-C-G-C-A-A-C
P9 G-C-G-A-C-A-G-C-C-A-C-C-G-T-A-C-A-C-G

P10 A-A-A-C-C-T-T-C-G-T-G-T-A-C-G-G-T-G-G-C

Probe Construction. Probes were assembled by annealing
together the oligonucleotides to form a duplex structure, then
joining these in a ligation reaction (16). Full-length strands were
purified by polyacrylamide gel electrophoresis under denatur-
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ing conditions (17), then reannealed and treated with 40 units
of avian myeloblastosis virus (AMV) reverse transcriptase in a
buffer containing 50 mM Tris"HCI (pH 7.8), 50 mM KCI, 7 mM
MgCl,, 2 mM dithiothreitol, and 200 uM dNTP (dATP, dCTP,
dGTP, and dTTP) (final volume, 50 ul) for 60 min at 23°C. The
flush-ended DNA produced by this treatment was cloned into
the Sma I site of the vector M13mp8 (18), and the sequence was
verified by the dideoxynucleotide chain termination method
(19).

Probe Labeling. Probes were labeled by annealing 20 ug of
single-stranded DNA from each M13 recombinant with 1.5 pmol
of “sequencing” primer (14), then carrying out a DNA synthesis
reaction in the presence of radioactive deoxynucleoside tri-
phosphates. Reactions were carried out in 20 mM Tris-HCI, pH
7.8/7 mM MgCly/50 uM dNTP (dCTP, dGTP, and dTTP) con-
taining 100 uCi of d[a-32P]ATP (at a specific radioactivity of
800 Ci/mmol) and 10 units of Klenow DNA polymerase in a
volume of 120 ul for 30 min at 23°C. Reactions were “chased”
for a further 15 min by the addition of 12 ul of 500 uM dATP;
then 14 pl of 1.0 M Tris'HCI (pH 7.8) and 6 ul of 1.0 M NaCl
were added, and the polymerase was inactivated by heating the
reaction mixture for 15 min at 70°C. The DNA in the cooled
reaction mixture was digested with 100 units of EcoRI, and then
the solution was adjusted to contain 0.2% Sarkosyl, 12 mM
EDTA, and 250 ug of proteinase K per ml and was incubated
for 30 min at 50°C. The DNA was extracted with phenol/chlo-
roform, precipitated with ethanol, and redissolved in 50 ul of
10 mM Tris-HCI, pH 7.8/1 mM EDTA, then heat-denatured
in 98% formamide/10 mM EDTA, and electrophoresed for 2
hrat 1.6 kV ona40 cm X 20 cm X 0.4 mm 6% polyacrylamide/
7 M urea gel. The region of the gel containing the radioactive
probe was detected by a 3-min autoradiographic exposure, ex-
cised, and soaked overnight in 3 ml of 0.2 M sodium phosphate,
pH 6.2/0.67 M NaCl/6.7 mM EDTA, to elute the probe.

DNA Preparation. High molecular weight DNA was isolated
from bovine kidney nuclei (20) with a homogenization buffer
of 15 mM Tris'HCl, pH 7.8/15 mM NaCl/60 mM KCl/5
mM EDTA/0.5 mM spermidine/0.34 M sucrose. DNA from
NaDodSO4-lysed nuclei was deproteinized by proteinase K
treatment and phenol/chloroform extraction and then purified
by equilibrium density gradient centrifugation in CsCl; the size
of the DNA was >100 kilobase pairs (kbp) as analyzed by agar-
ose gel electrophoresis with intact phage A DNA as a marker.

Blot Hybridizations. Bovine DNA was digested with restric-
tion enzymes, subjected to agarose gel electrophoresis, and
blotted onto nitrocellulose filters by a modification of the method
of Southern (21, 22). Filters were pretreated with 0.2 M so-
dium phosphate, pH 6.2/0.67 M NaCl/6.7 mM EDTA con-
taining 100 ug of sonicated denatured E. coli DNA and 20 ug
of sonicated denatured M13mp8 DNA per ml, 10X Denhardt’s
solution (1X Denhardt’s solution is 0.02% Ficoll, 0.02% poly-
vinylpyrollidone, and 0.02% bovine serum albumin), and 1%
Sarkosyl for 1 hr at 65°C. Hybridizations were performed at
65°C for 48 hr in a solution identical to that used for prehy-
bridization except that dextran sulfate was also present at a con-
centration of 10% and the probe was present at a concentration
of 10° cpm/ml. After hybridization, filters were washed twice
at room temperature in 400 ml of 0.2 M sodium phosphate, pH
6.2/0.67 M NaCl/6.7 mM EDTA/1% Sarkosyl and then four
times at 65°C in 250 ml of the same solution. Autoradiographic
exposures of the filters were performed with preflashed film
and an intensifying screen (23) for 2 days at —70°C.

Genomic Library Construction. A bovine genomic library
was constructed by the method of Karn et al. (24). Briefly, bo-
vine genomic DNA was partially digested with Sau3A I, frac-
tionated by agarose gel electrophoresis, and a size fraction cor-
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responding to fragments of 11-24 kbp was recovered from the
gel by electroelution. This was ligated to BamHI-digested A1059,
and the resultant chains were packaged by using extracts from
the phage A lysogens NS428 and NS433 (25). The library, con-
taining =2 X 10° independent recombinants, was amplified on
strain Q359 [r, mY, su’y, 80%, P2] (24) and stored over CHCl,
at 4°C.

Library Probing. Recombinant phage were plated on strain
D91 [r}, m}, A lac-pro] (24) at a density of 2 X 10? plaque-forming
units per 90-mm dish; a total of 10° plaque-forming units (50
dishes) were screened by the plaque hybridization method of
Benton and Davis (26). Duplicate nitrocellulose filters were lifted
from each dish, and these were hybridized to the probe exactly
as described above for the blot hybridization.

DNA Sequence Determination. After plaque purification of
the positive clones, phage stocks were prepared, and the DNA
from one of these was subjected to sequence analysis. Fifteen
micrograms of DNA from the recombinant phage was frag-
mented with DNase I in the presence of Mn®* (27) or by son-
ication (28), size-fractionated by agarose gel electrophoresis,
electroeluted, and cloned by blunt-end ligation with T4 DNA
ligase into Sma I-cut, phosphatase-treated M13mp8 (18); ~900
independent subclones were obtained. These were picked into
a fresh lawn of JM101 (29), transferred to nitrocellulose filters,
and hybridized with the probe by a modification of the method
of Hu and Messing (30, 31). The sequences of positively hy-
bridizing subclones were determined by the dideoxynucleotide
chain termination method (19).

RESULTS

Probe Design. Synthetic gene fragments were designed by
using the known amino acid sequence for BPTI (32) and con-
sensus codon usage data compiled from the sequences of 26
mammalian genes (33). Initially, a synthetic gene sequence (in-
cluding a termination codon) was written by using, for each amino
acid, the most likely codon from the mammalian consensus data.
This sequence was then compared with its complement by us-
ing the computer program DIAGON (34) to detect any highly
self-complementary regions that might interfere with the con-
struction of the probe. Each such region greater than four nu-
cleotides in length and within 50 nucleotides of its complement
was removed from the sequence by substituting, where ap-
propriate, the next most likely codon. Only a few substitutions
were required to reduce the probe self-complementarity to within
the stated limits.

Probe Construction. Ten DNA oligonucleotides (P1 through
P10), corresponding to overlapping portions of both the syn-
thetic BPTI gene sequence and its complement, were made by
the solid-phase phosphotriester method. These oligonucleo-
tides were annealed and ligated to form a longer double-stranded
DNA fragment and then were converted to the fully duplex form
by “filling-in” the ends. An 86-base-pair (bp) synthetic BPTI
gene fragment was made in this manner and cloned in both ori-
entations by using the vector M13mp8 (Fig. 1A4). A single-
stranded probe was prepared by primed DNA synthesis across
the insert in the M13 recombinant, followed by EcoRI digestion
of the partially duplex DNA and isolation of the probe fragment
by polyacrylamide gel electrophoresis under denaturing con-
ditions (Fig. 1B). Shorter probes, made from fewer oligonu-
cleotides, also were constructed in a similar manner.

Genomic Southern Blots. High molecular weight DNA pre-
pared from bovine kidney nuclei was digested with various re-
striction enzymes, and then the resulting fragments were sep-
arated by agarose gel electrophoresis and probed by Southern
blot hybridization (Fig. 2). The hybridization and washing tem-
peratures were adjusted until several specific bands were clearly
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Fic. 1. Construction of the synthetic probes. (A) Two mixtures of oligonucleotides, P1-P6 and P7-P10, were separately annealed and ligated,
and the resultant products were purified by polyacrylamide gel electrophoresis (PAGE) under denaturing conditions. These products, P1-P6 and
P7-P10, were mixed, annealed, and ligated again. The result of this ligation, P1-P10, was purified by gel electrophoresis, “filled-in” by treatment
with AMV reverse transcriptase to produce an 86-bp fragment, and cloned into the Sma I site of M13mp8. M13 recombinants with the P1-P10
sequence in each orientation, X2 and X6, were obtained. A 66-bp synthetic gene fragment composed of oligonucleotides P1-P8 also was assembled
and cloned using the same procedures. (B) A standard DNA sequence assay primer (14) was annealed to single-stranded DNA from the M13 re-
combinant, and a DNA synthesis reaction was carried out in the presence of 32P-labeled deoxynucleoside triphosphates. The semiduplex product
of this reaction was cut at the unique EcoRI site distal to the insert (18), and the probe was isolated by polyacrylamide gel electrophoresis under
denatunng conditions. SCP buffer (1), 30 mM sodium phosphate, pH 6.2/100 mM NaCl/1 mM EDTA (22); [, synthetic BPTI gene fragment
insert; Y, DNA sequence assay primer; s, 2P-labeled DNA; Pol I, DNA polymerase L.

visible over the nonspecific background hybridization. With
the 86-mer probes X2 and X6, only two bands were visible in
the HindIIl and BamHI digests, and a single band of double
intensity was visible in the EcoRI digest. The same bands also
were present in a blot hybridization with a shorter 66-mer probe,
but with this probe the nonspecific background hybridization
was higher and some additional faint bands were evident. No
bands were visible in the control hybridization with a single-
stranded probe prepared from the vector M13mp8 without an
insert (Fig. 2).

Probing a Bovine Genomic Library. A bovine genomic li-
brary containing approximately 2 X 10® independent recom-
binants was prepared by using the vector A1059 (24). Approx-
imately 10° recombinant plaques were screened by hybridization
with the 86-mer probe, and five positively hybridizing clones
were detected. During the plaque hybridizations, which were
carried out under the same conditions as used for the Southern
blot hybridizations, the level of nonspecific binding of the probe
to the filter was extremely low (Fig. 3).

DNA Sequence Analysis. Four of the five positively hy-
bridizing clones were plaque-purified and analyzed further.
Preliminary restriction mapping data (not shown) indicated that
two of the clones represented partially overlapping segments
of one region of the genome, and the other two represented
partially overlapping segments of a second region. The restric-
tion digests contained 3.8- and 4.0-kbp EcoRI fragments and
3.5- and 7.3-kbp BamHI fragments that hybridized to the probe;
these correspond to the sizes of the EcoRI and BamHI frag-

ments that were detected in the genomic Southern blot hy-
bridization with the same probe (Fig. 2). However, for each
clone and for any given digest, there was only a single positively
hybridizing fragment. The simplest interpretation of these data
is that the haploid bovine genome contains only two genes that
hybridize to the 86-mer probe under the conditions used and
that these genes are separated in the genome by at least 11 kbp
(the minimum insert size).

One of the clones (AX6-6B) was chosen for sequence anal-
ysis. Total DNA from the phage A recombinant was randomly
fragmented and “shotgun” cloned into the Sma I site of the vec-
tor M13mp8 (18, 27). Approximately 900 independent M13
subclones were probed with the positive strands of the 86-mer
M13 recombinants X2 and X6 (30, 31). Six positively hybrid-
izing subclones were isolated and their sequences determined
by the dideoxynucleotide chain termination method. A contig-
uous 677 nucleotides of bovine DNA sequence were obtained

. from the overlapping subclone sequences; contained within this

was an open reading frame, the translation of which perfectly
matched the amino acid sequence of BPTI (Fig. 4). However,
the BPTI coding region was neither preceded by a start codon
nor followed by a termination codon but rather was embedded
in a longer open reading frame.

Probe Homology. Fig. 5 shows an alignment of the 86-mer
and 66-mer probes with the BPTI coding region. In each case
the homology between the probe and the actual genomic se-
quence was 74%. Three arginine AG codons were found in
the region of the genomic sequence overlapped by the probe,
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Fic. 2. Genomic Southern blots of bovine DNA. EcoRI (lanes R),
HindII (lanes H), and BamHI (lanes B) restriction digests of bovine
DNA were fractionated by electrophoresis on a 0.5% agarose gel and
blotted onto nitrocellulose. (Center and Right) Results of hybridizations
with probes made from cloned 66-bp and 86-bp synthetic BPTI gene
fragments, respectively (see Fig. 1). (Left) Control, representing a hy-
bridization performed with a probe prepared from the M13mp8 vector
with no insert. Hybridizations and washings were performed as de-
scribed in Materials and Methods except that the temperature of hy-
bridization for the 66-mer probe was 60°C. The faint signal present in
the HindIII lane of the control blot is a nonreproducible artifact of the
hybridization procedure. Numbers in the margin are the lengths (in bp)
of several restriction fragments of bovine mitochondrial DNA that were
coelectrophoresed as size standards.

whereas the probe codons used to specify arginine were all
CC-E-. This indicates that occasional grossly incorrect codon
choices do not affect seriously the specificity of the probe.

DISCUSSION

In this paper we describe the isolation of a gene for bovine pan-
creatic trypsin inhibitor with a unique-sequence synthetic DNA
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Fic. 3. Plaque hybridizations. Duplicate filters (A and B) were lifted
from a 90-mm Petri dish (containing 20,000 confluent plaques from the
bovine genomic library), hybridized with the synthetic 86-mer probe
under the same conditions used for the Southern blots shown in Fig. 2,
and autoradiographed. Arrows indicate signals from two positively hy-
bridizing clones. Note that the circular outline of the filter, due to non-
specific background hybridization, is virtually invisible.

probe. The translated DNA sequence of the BPTI genomic clone
contains a region that exactly matches the amino acid sequence
of BPTI (Fig. 4), but definitive proof that this is an active gene
will require the isolation of a BPTI cDNA clone. The BPTI gene
is located on a 4.0-kbp EcoRI fragment and a 3.5-kbp BamHI
fragment, and we have also cloned a positively hybridizing gene
located on a 3.8-kbp EcoRI fragment and a 7.3-kbp BamHI
fragment. Together, these two cloned genes can account for all
of the bands detected by the 86-mer probe on the genomic
Southern blot (Fig. 2). DNA sequence analysis of the second
gene (unpublished data) indicates that it codes for a protein similar
but not identical to bovine serum trypsin inhibitor (36).

The DNA sequence upstream of the BPTI coding region
contains two in-frame termination codons but no in-frame ini-
tiation codons (Fig. 4). In between the two termination codons
and the start of the BPTI coding region, there are two long py-
rimidine stretches, each of which is followed by the dinucleo-
tide A-G; both of these closely match a consensus intron/exon
boundary sequence (35). Downstream, an in-frame termination
codon exists 52 nucleotides from the end of the BPTI coding
region. This stretch is very purine-rich and also contains a pos-
sible exon/intron junction (Fig. 4). Therefore, it is likely that

AATAATGTCCTGGAAAGCAGGGTGTCAAAAGGCCTTTTCACGTTTCACACTTCTGCCCACCCCCCATCACTCTCTATCACAAACTGGTGG
10 20 30 40 50 60 70 80 90

BPTI —

* * proSerLeuPheAsnArgAspProProlleProAlaAlaGinArgProAspPhe
TTTTAGTTGTTCATCTTGTAGACTGAGCTGTGATGACCTTCCCTCTTTAACCGAGATCCTCCCATCCCTGCAGCCCAGCGGCCTGACTTC
100

110 120 130 140 : 150

170 180

CysLeuGluProProTyrThrGl yProCysLysAlaArgllelleArgTyrPheTyrAsnAl aLysAl aGlyLeuCysGinThrPheval
TGCCTAGAGCCTCCATATACGGGTCCCTGCAAGGCCAGAATTATCAGATACTTCTACAACGCCAAGGCTGGGCTCTGCCAGACCTTTGTA
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260 270

TyrG1yG1yCysArgAlalLysArgAsnAsnPneLysSerAlaGluAspCysMetArgThrCysGlyGlyAl a'l 1eGlyProTrpGliyLys
TATGGCGGCTGCAGAGCTAAAAGAAACAATTTCAAGAGCGCAGAGGACTGCATGAGGACCTGTGGTGGTGCTATTGGGCCCTGGGGTAAG

280 290 300 310 320 330

ThrGlyGlyArgAl aGluGlyGluGlyLysGly *

350 A 360
D

ACAGGGGGCAGGGCAGAGGGAGAGGGGAAGGGCTAGGGAAAGTGGTGGCGCTCAGAAE%CACACACE;BTCCAMAMGTGATTTTZS
370

380 390 400 410

CCCTTGTTGCCTCCCAAGAGAAGTTGCAGAAGTATCCGTGGATTGAGCATGTCCTCCATGGACCAGCTTGGTGAAAGGCCACCCCCTAGA
510 520 530 540

460 470 480 490 500.

AGCCCTGTCATCATAATGTCAGCCTACTCACATGCTCCCATTTTTCAGATGGGAACACTGAGTCAGTCACTCTGCAGAGCAAGTCTGGAG
50 560 £70 s 600 5 0 630
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TGCTCCTCAGTGCCCCACCTCAGCCTGGAAAACTCCCTTGTTTATTG
650 660 670

440

Fic. 4. BPTI gene sequence. Shown is a
partial sequence of the bovine genomic clone
AX6-6B, representing the region of the cloned
DNA that hybridizes to the synthetic 86-mer
probe. Overlined is the portion of the trans-
lated DNA sequence that matches the amino
acid sequence of BPTI. *, In-frame termina-
tion codons; A, potential intron/exon (“Ac-
ceptor”) and exon/intron (“Donor”) splice
junctions (35).
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260 270 280 290 300
GInThrPheValTyrGlyGlyCysArgAlalLysArgAsnAsnPheLysSer
.+ .CAGACCTTTGTATATGGCGGCTGCAGAGCTAAAAGAAACAATTTCAAGAGC
* kkkkk kk kk kk kkkkk Kk kk kk Kk hhkkkk khkkkkhhkk

ARACCTTCGTGTACGGTGGCTGTCGCGCCAAGCGCAACAACTTCAAGAGC
— 86-mer F— 66-mer

310 320 330 340
Al1aG1uAspCysMetArgThrCysGlyGlyAla
GCAGAGGACTGCATGAGGACCTGTGGTGGTGCTATT.

Kk KARKKKAK KAk K Kkkkk kkkkkhkk
GCCGAGGACTGTATGCGTACCTGCGGTGGTGCCTAG

—

.. gene sequence
probe sequence

Fig. 5. Probe homology. The sequences of the synthetic BPTI gene
fragment probes and the actual BPTI gene sequence (Fig. 4) are shown
aligned. Homology is indicated by asterisks. The 86-mer probe and the
66-mer probe are homologous to nucleotides 260-345 and 280345 (Fig.
4), respectively.

the BPTI coding region exists as part of an exon in the gene for
a larger polypeptide and that BPTI is released through pro-
teolytic processing at both its NH; and COOH termini from
this primary translation product. The nature of such a precursor
is unknown, however.

The synthetic gene fragment probing procedure given here
is a general one that can be used to isolate the gene for any pro-
tein, as long as sufficient amino acid sequence information is
available and it is possible to prepare a genomic DNA library
from the organism making that protein. This cloning approach
should prove especially useful in those cases where the site of
synthesis of a particular protein is unknown or when it is dif-
ficult to isolate mRNA from the relevant tissue. The minimum
probe length that will work at the expected 70-80% homology
level has not been established and must vary somewhat de-
pending on the amino acid sequence, codon choice, and whether
or not an intron interrupts the coding region being sought.
Nevertheless, 20-25 residues of reliable, contiguous amino acid
sequence for a given protein should render its gene a candidate
for cloning by this method. In general, the proper hybridiza-
tion/washing conditions can be found and the effectiveness of
a given probe tested by performing a simple genomic Southern
blot hybridization (Fig. 2).

At present, the only reliable way to determine splice junc-
tions is to compare the cDNA sequence for a gene with its cor-
responding genomic sequence. Hence, in order to fully char-
acterize the information content of a gene, it is necessary to
isolate both cDNA and genomic clones. The unique-sequence
synthetic DNA probes discussed here and elsewhere (13) should
be capable of isolating cDNA clones of even extremely low-
abundance mRNAs from any ¢cDNA library, as long as it is large
enough to contain at least one copy of the desired clone. Al-
ternatively, a genomic clone for the gene of interest could be
isolated’ and subcloned into a retroviral or simian virus 40
expression vector; subsequent transfection of an appropriate
host cell should then produce correctly spliced transcripts of
the cloned gene (37-39), from which cDNA could be prepared.
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