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ABSTRACT  mRNA that encodes the common peptide pre-
cursor for the hormones corticotropin and S-lipotropin was
purified from the neurointermediate lobe of bovine pituitaries,
and double-stranded cDNA species synthesized from this tem-
plate were cloned in Escherichia coli x1776 by inserting them
into the Pst I endonuclease cleavage site of the pBR322 plasmid
using poly(dG)poly(dC) homopolymeric extensions. Certain of
the cloned cDNA inserts contain nucleotides corresponding to
the complete amino acid sequence of bovine corticotropin and
a coding sequence that corresponds to at least the first portion
of bovine f-lipotropin. The nucleotide sequences coding for
corticotropin and g-lipotropin are separated on the cDNA by
a 6-base-pair sequence encoding lysine and arginine, indicating
that the carboxyl terminus of corticotropin is connected on the
precursor peptide with the amino terminus of g-lipotropin by
these two amino acids. In addition, the cloned cDNA insert is
characterized by an unusually high C+G nucleotide base con-
tent as well as by a number of DNA sequence duplications.

The pituitary hormones corticotropin (ACTH) and S-lipotropin
(B-LPH), which consist of 39 and 91 amino acids, respectively,
are formed from a large common polypeptide having a mo-
lecular weight of 28,500-41,000 (1-7). These two hormones
themselves contain several small component peptides that have
biological activities: a-melanotropin (a-MSH) and cortico-
tropin-like intermediate-lobe peptide (CLIP) derived from
corticotropin (8), and y-LPH, 8-melanotropin (6-MSH), en-
dorphins, and [Met]enkephalin elaborated from 8-LPH (9, 10).
However, neither the precise locations of ACTH and 8-LPH
in the precursor molecule nor the primary structure or bio-
logical function of its remaining portion have been deter-
mined.

Nakanishi et al. (11) and Nakamura et al. (12) have dem-
onstrated that glucocorticoids depress the intracellular level of
the mRNA coding for the precursor. The effects of various
steriods on the level of precursor mRNA correlate well with the
binding specificity of the glucocorticoid receptor, suggesting
that this receptor plays an essential role in regulating expression
of the ACTH-B-LPH gene. Thus, the ACTH-S-LPH coding
sequence provides an attractive system for studying the struc-
ture and regulation of hormonally regulated eukaryotic
genes.

This report describes the construction and preliminary
analysis of bacterial plasmids that carry a cDNA sequence
transcribed from bovine ACTH-G-LPH mRNA.
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MATERIALS AND METHODS -

Synthesis of cDNA and Addition of Homopolymeric Tails.
ACTH-B-LPH mRNA was purified from the neurointer-
mediate lobes of bovine pituitaries as described (13); its mo-
lecular weight was estimated from its electrophoretic mobility
to be approximately 450,000, which corresponds to 1360 nu-
cleotides. Single-stranded cDNA was synthesized as described
(14) using precursor mRNA template and avian myeloblastosis
virus reverse transcriptase. The product was treated with NaOH
to remove the mRNA template (15) and the second DNA strand
was synthesized (16) by using avian myeloblastosis virus reverse
transcriptase. The double-stranded cDNA product was treated
with Aspergillus oryzae S1 nuclease (17) and Escherichia coli
DNA polymerase I (15) and then was fractionated by agarose
gel electrophoresis (17, 18). cDNA located in gels by autora-
diography was extracted by electrophoretic elution (19) or by
maceration of frozen gels (20).

Homopolymeric poly(dC) or poly(dG) tails were added, re-
spectively, to the fractionated double-stranded cDNA and to
Pst I-cleaved pBR322 plasmid DNA, respectively, by terminal
deoxynucleotidyl transferase (Bethesda Research Laboratories,
Bethesda, MD) (21, 22, %). Under the conditions used, terminal
transferase added approximately 15-30 pmol of dCMP or
dGMP per pmol of end double-stranded ¢cDNA or vector
DNA.

Construction and Analysis of Chimeric Plasmids. An-
nealing of poly(dG)-terminated pBR322 plasmid DNA (0.5
ug/ml) to 5.5-7.5 ng of poly(dC)-terminated synthetic DNA
was carried out as described (21, %) at a molar ratio of vector to
synthetic DNA of approximately 1.3. Under the conditions
used, approximately 20% of the linear form of pBR322 DNA
was converted to the circular form as monitored by electron
microscopy (23) and gel electrophoresis.

E. coli x1776 (24) was transformed by chimeric plasmids by
using a modification (21) of a previously described transfection
procedure (25). Tetracycline-resistant transformants were tested
for sensitivity to ampicillin (25 ug/ml). Bacterial colonies
containing ACTH-8-LPH DNA were identified by using an
in situ colony hybridization procedure (21, 26). The 32P-labeled
mRNA used as a probe was labeled with [y-32P]JATP (700 Ci/
mmol) and polynucleotide kinase (27).

Plasmid DNA in bacterial colonies that showed a positive
reaction by in situ hybridization with ACTH-8-LPH mRNA
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was amplified by the addition of chloramphenicol (120 ug/ml)
to cultures, isolated as described (28), and dialyzed. Digestion
with other restriction enzymes was carried out under conditions
described by the vendnrs. DNA sequence analysis was per-
formed as described by Maxam and Gilbert (29).

Containment. Work with recombinant plasmids was carried
out under the P3 level of physical containment and EK2 level
of biological containment as specified in the National Institutes
of Health Guidelines on Recombinant DNA Research (June
1976).

RESULTS

Construction of Plasmids Carrying ACTH-8-LPH cDNA.
Purified mRNA containing the precursor sequences from the
neurointermediate lobe of bovine pituitaries was used in the
preparation of single-stranded and double-stranded cDNA, and
the DNA preparations were analyzed by electrophoresis on
alkaline agarose gels under denaturing conditions; typical results
are presented in Fig. 1A. 32P-Labeled single-stranded cDNA
appeared as discrete size classes (lane 1), the largest of which
had a length of about 1200 base pairs (bp), which approximates
the size of ACTH-8-LPH mRNA (12).

Attempts to optimize experimental conditions to increase the
fraction of large single-stranded cDNA species [e.g., alteration
of incubation time or temperature; modification of concen-
trations of KCl, oligo(dT);2_1s, deoxynucleotide triphosphates,
or reverse transcriptase] had little effect on the size distribution
of the ACTH-B-LPH precursor single-stranded cDNA product,
although the optimal conditions used in the present study did
yield a high proportion of full-length ovalbumin cDNA (un-
published data). We used total single-stranded cDNA, freed
from mRNA by alkaline treatment, as a template for the second
reverse transcriptase reaction.

The product of the second reverse transcriptase reaction
contained a larger fraction of high molecular weight material
than did the single-stranded preparation (lane 2). Electropho-
resis of the S1 nuclease-treated product under denaturing

A B
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FIG. 1. Autoradiograms of 32P-labeled ACTH-8-LPH DNA
electrophoresed on 1.5% agarose gels. Enzymatic synthesis and la-
beling of single-stranded and double-stranded cDNA with [a-32P]-
dCTP were carried out as described (14-17). (A) Under denaturing
conditions (30). Lanes: 1, [32P]cDNA synthesized by the first reverse
transcriptase reaction; 2, products of the second reverse transcriptase
reaction (only the second strand was labeled with 32P); 3, as lane 2 but
after treatment with S1 nuclease. The HindlIII cleavage products of
simian virus 40 DNA were used as molecular size standards. (B) Under
native conditions. Lanes were as in A.
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conditions (lane 3) showed that it contained several discrete
bands, including one approximately 1200 bp in length. The
32P-labeled second strand of the double-stranded ¢cDNA
product showed an electrophoretic pattern similar to that seen
for the single-stranded cDNA, suggesting that the various sin-
gle-stranded cDNA species were converted to corresponding
lengths of double-stranded cDNA in the second reverse tran-
scriptase reaction.

Single-stranded cDNA, double-stranded cDNA, and S1 nu-
clease-treated double-stranded cDNA were analyzed also by
electrophoresis on neutral agarose gels (Fig. 1B). The single-
stranded cDNA of different size classes (lane 1) migrated faster
than the corresponding double-stranded ¢cDNA species (lane
2). Treatment of double-stranded cDNA with S1 nuclease did
not affect its migration in gels (lane 3), indicating that the
material was converted to an S1-resistant form and confirming
that the product was, in fact, double-stranded.

Isolation of Bacterial Clones Carrying the ACTH-8-LPH
DNA Sequence. In order to maximize the likelihood of ob-
taining clones that carry double-stranded cDNA corresponding
to the full-size ACTH-B-LPH precursor message, S1 nu-
clease-treated total double-stranded cDNA was fractionated
by neutral agarose gel electrophoresis, and zones of the gel
containing double-stranded cDNA species estimated to have
950-1300 or 750-950 bp were excised and eluted. Hybrid DNA
molecules were constructed by annealing Pst I-cleaved dG-
tailed pBR322 (31) vector DNA to dC-tailed sized double-
stranded cDNA species and were introduced into E. coli strain
x1776 by transformation.

Tetracycline-resistant transformant colonies were selected
and tested by an in situ colony hybridization method (28) for
the presence of DNA complementary to ACTH-6-LPH mRNA
(Fig. 2). Fourteen clones that were positive by this procedure
were identified; all were found to be sensitive to ampicillin,
consistent with the presumed integration of a cDNA fragment
at the Pst I site located within the 8-lactamase gene of the
pBR322 vector plasmid. Plasmid DNA obtained from these
clones was purified for further study. Because use of the
poly(dG)-poly(dC) joining procedure results in regeneration
of Pst I cleavage sites at both ends of the insert (21, 32), the
length of the cDNA can be determined readily by gel analysis
of Pst I-cleaved chimeric plasmid DNA. As shown in Table 1,
such inserts varied in length from 190 to 1220 bp; the two largest
inserts, which were estimated by gel electrophoresis to contain
1200 and 1220 bp, were obtained from hybrid plasmids con-
structed by using double-stranded cDNA isolated from the 950-
to 1300-bp section of agarose gels (see above).

Table 1 shows also that one EcoRI cleavage site is present
within 10 of the 12 inserts that are at least 535 bp in length. One
of the two EcoRI/Pst I fragments identified in eight inserts of
various lengths had an almost identical molecular size (about

FiG. 2. Identification of bacterial colonies carrying ACTH-8-LPH
DNA by in situ hybridization. (A) Autoradiogram of colonies fixed
to a nitrocellulose filter and subjected to in situ colony-hybridization
test. (B) Control photograph of the same nitrocellulose filter stained
for DNA with ethidium bromide, indicating the retention of DNA by
the filter at locations occupied by nonreacting colonies as well as those
occupied by reacting colonies.
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Table 1. Characterization of plasmids derived from clones
identified by in situ colony hybridization :

. Size of Size of
inserted  EcoRI EcoRI/Pst1  Orientation of

Plasmid DNA, bp site fragments, bp cDNA insert*
pSNAC

18 810 + 540/270 A

20 1220 + 540/680 A

21 730 - ND

38 1200 + 1120/80 ND

26 815 + 540/275 A

31 825 + 540/285 B

34 590 + 350/240 ND

35 590 + 375/215 ND

36 860 + 460/400 ND

37 860 + 500/360 B

39 535 + 520/[15] B

40 310 - — ND

41 190 - —_ ND

42 820 + 510/310 B

The plasmids pSNAC 18, 20, 21, and 38 were constructed by using
synthetic cDNA inserts having 950-1300 bp; the other plasmids in-
cluded a cDNA insert that was isolated from the region of the gel oc-
cupied by DNA fragments 750-950 bp long. The synthetic DNA used
for all plasmids except pSNAC 40, 41, and 42 received poly(dC) tails
before size fractionation. Addition of dC tails to cDNA from the
950~1300 bp gel region after size fractionation did not yield positive
colonies by the in situ hybridization procedure. Purified plasmid
DNA was treated with either Pst I alone (for estimation of the size
of the DNA insert) or with Pst I and EcoRI sequentially (for esti-
mation of the size of the EcoRI/Pst I fragments). The length of DNA
fragments was estimated by electrophoresis on 1.5% neutral agarose
or 5% polyacrylamide gels, with Hae III cleavage products of CoE1
plasmid DNA as molecular weight standards (33).

* cDNA inserts in orientation A (e.g., pPSNAC 20) have the ACTH
coding sequence nearest the proximal end of the §-lactamase gene.
The opposite orientation is orientation B. ND, not determined.

t The fragment of pPSNAC 39 shown in brackets was not observed
directly in the gels used for present studies, but its presence and size
were inferred from other measurements. The estimated length of
fragments from different fractions may be affected by the length
of dGC tails on the cDNA molecule cloned.

460-540 bp) in each of the inserts. This fragment is similar in
size to an EcoRI fragment present in the total double-stranded
cDNA preparation (data not shown), suggesting that most of
the cDNA inserts that we have cloned are derived from tran-
scripts of a single species of mRNA and that the cloned inserts
of various lengths correspond to sequences that start from the
3’ end of mRNA. Cleavage of the inserts of different plasmids
with other restriction enzymes yielded results consistent with
this interpretation.

We thus conclude that most if not all of the clones that gave

a positive reaction by the in situ hybridization procedure
contain at least part of the ACTH-B-LPH coding sequence. The
presence of the entire sequence coding for ACTH, and of nu-
cleotides comprising at least the proximal end of the 5-LPH
coding sequence was established directly by sequence analysis

in the case of the pSNAC 20 plasmid.

Analysis of Cloned cDNA Insert in pSNAC 20 Plasmid.
Computer analysis (34, 35) of the amino acid sequences of
ACTH (36) and g-LPH (37) indicated that the cDNA sequence
encoding glutamic acid and phenylalanine, which are situated
poear the carboxyl terminus of ACTH, represents the only pos-
stble locus within these two proteins for an EcoRI cleavage site.
We therefore expected that the EcoRlI site we had identified
within the cDNA insert would be strategically located; nucle-
otide sequence analysis of the DNA region in the vicinity of this
restriction site was performed by labeling the EcoRI-generated
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termini with [y-32P]ATP and subsequently cleaving the end-
labeled fragments with Pst I. The two resulting fragments
(fragment 1, consisting of 540 bp, and fragment 2, consisting
of 680 bp) were isolated by polyacrylamide gel electrophoresis,
and their nucleotide sequence was determined.

The nucleotide sequence that extends in both directions from
the EcoRI cleavage site located within the cDNA insert corre-
sponds to the amino acid sequences determining ACTH and
B-LPH (Fig. 3). The 5’ end-labeled strand of fragment 1 shows
a proximal nucleotide sequence corresponding to the two amino
acids located at the carboxyl terminus of ACTH (thus verifying
the location assigned by computer analysis for the EcoRI
cleavage site), followed closely by the amino-terminal sequence
of 8-LPH. A short sequence of nucleotides encoding the amino
acids lysine and arginine separates the coding sequences for the
two peptide hormones.

The complement of the 5’ end-labeled strand of fragment
2 determines an amino acid sequence that corresponds to the
remainder of the ACTH peptide. We conclude from these re-
sults that the complete coding sequence for ACTH is contained
on the pSNAC 20 plasmid and, furthermore, that the carboxyl
terminus of ACTH and the amino terminus of 8-LPH are
connected on the common precursor peptide by the sequence
Lys-Arg. Because only the first 24 amino acids of ACTH are
required for full biological activity of the hormone (38, 39) and
because bovine and human ACTH are identical in amino acid
sequence throughout this segment of the peptide (40, 41), we
conclude that the pSNAC 20 plasmid carries a nucleotide se-
quence that encodes a peptide capable of functioning as human
ACTH. Substitution of a dC for the dG at DNA position 97 of
the coding strand for bovine ACTH (see Fig. 3) would substitute
glutamic acid for glutamine in the peptide encoded by the
cDNA insert, making the peptide identical to intact human
ACTH.

Analysis of the sequenced segment of the cDNA inserted into
the pSNAC 20 plasmid indicates that this segment is highly rich
in G+C base pairs (68%). Cesium chloride equilibrium gradient
centrifugation of Pst I-cleaved pSNAC 20 DNA suggests that
the remainder of the insert is also rich in G+C nucleotides,
because the average buoyant density of the cloned cDNA seg-
ment is 1.733 g/cm3 (data not shown), which corresponds to a
G+C composition of 72%. The high G+C content of the
mRNA, as inferred from the buoyant density of the double-
stranded cDNA, is consistent with the previously observed high
melting temperature of ACTH-8-LPH mRNA-cDNA hybrids
(unpublished data).

When subjected to computer analysis (34, 35), the data shown
in Fig. 3 indicate also that the coding sequences for ACTH and
at least the first segment of 3-LPH contain an unusually large
number of DNA sequence duplications (for example, nucleo-
tides 93-101 and 165-173; 166-177 and 187-198; 46-55 and
73-81; 48-57 and 155-163; 139-147 and 191-202).

Treatment of the pSNAC 20 plasmid DNA with certain other
site-specific endonucleases, either individually or in pairs, en-
abled construction of the map shown in Fig. 4. The locations
of endonuclease cleavage sites were determined by gel elec-
trophoresis carried out after simultaneous or sequential diges-
tion of either the intact plasmid or of fragments isolated from
gels after prior digestions. Cleavage sites situated within the
c¢DNA coding sequences for ACTH and 8-LPH were initially
correlated with specific amino acid positions by computer de-
termination of nucleotide sequences that could serve both as
the endonuclease cleavage site and as codons that specify amino
acids located in the vicinity of the cleavage site. The predicted
locations for sites within those segments studied by nucleotide
sequence analysis were confirmed directly. Locations of the
endonuclease cleavage sites were used also in orienting the
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5
Glu

GAA
CTT

10
Trp Gly Lys Pro

TGG GGC AAG CCG
ACC CCG TTC GGC

Ser

.TCT
.AGA
1

His

CAC
GTG

Ser Met

TCC ATG
AGG TAC

Tyr

TAC
ATG

Phe
TTC

Arg

CGC
GCG

Val

GTG
CAC

Gly

GGC
CCG

5'.
3'.

31
Ser

TCG

AGC
91

35
Phe

TTT

39 1
Phe|Lys Arg|Glu

GaA_TTC| AAG AGG| GAG
cTT ARGl TTC TCC) CTC
EcoRI

Ala

GCC
CGG

Gln Ala

CAG GCC
GTC*CGG

Pro

ccc
GGG

Leu Glu

CTC
GAG

Thr

ACC
TGG

Leu

CTG
GAC

20
Ala

GCG
CGC

25
Ala Glu

GCT GAG
CGA CTC

Ala

GCC
CGG

Ala Arg

GCC GG
CGG GCC
Smal

Leu

CTG
GAC

Glu Tyr

GAG TAT---3'
CTC ATA---5"

15
Lys

AAG
TTC

Gly

GGG
ccc

TTC

Glu

GAG
CTC
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20
Val

GTG
CAC

25
Asn

AAC
TTG

30
Glu

GAG
CTC
90

Lys
AAG

Pro

ccc
GGG

Arg Arg Pro

CGG CGC CCG
GCC GCG GGC

Val Tyr

GTG TAC
CAC ATG

Lys

AAG
TTC

Gly

GGC
CCG

Ala Glu Asp

GCC GAG GAC
CGG CTC CTG

10
Ala

GCG
CGC

15
Ala

GCC
CGG

19
Ser

AGT

TCA
180

Gln

CAG
GTC

Arg Leu Glu
AGG CTC GAG
TCC GAG CTC

XhoI !

Arg Gly

CGC GGC
GCG CCG

Glu

GAG
CTC

Gln Ala Glu

C*AG GCT GAG
GTC CGACTC

Pro

ccc
GGG

F1G. 3. Partial nucleotide sequence of the inserted ACTH-3-LPH cDNA. The sequence has been determined by 5’ end-labeling of EcoRI-
generated fragments 1 and 2. The coding region for the two amino acids that link ACTH and 8-LPH is enclosed in the box, and experimentally
determined cleavage sites within the sequenced region for site-specific endonucleases are indicated. Other cleavage sites within this region,
identified by computer analysis are: Alu I, nucleotides 125-128 and 197-200; Hinfl, 88-92; Taq I, 110-113. C* (i.e., the second C residue in the
sequence C-C-T-G-G or C-C-A-G-G) was not seen on the analytical gels because this residue is methylated in E. coli x1776 (24) and hence is
not cleaved during the chemical modification and cleavage reactions; however, the presence of this nucleotide was inferred from the amino acid
sequence. The numbers (upper numbers) before and after the boxed region indicate the amino acid residues of ACTH and 8-LPH, respectively.
Nucleotide positions (lower numbers) are numbered from the start of the ACTH coding sequence.

amino acid sequence of the ACTH and 8-LPH with regard to
the B-lactamase sequence of the pBR322 vector, as shown in
Fig. 4. '

DISCUSSION

Bacterial plasmids carrying cDNA transcribed from bovine
ACTH-3-LPH mRNA have been shown to carry a complete
ACTH coding sequence that is separated by six nucleotide base
pairs from the coding sequence for 3-LPH. Because the dou-
ble-stranded cDNA insert present in pSNAC 20 contains about
1220 bp, it appears likely that this chimeric plasmid includes
most, if not all, of the 950-1120 coding nucleotides known to
be required for the bovine ACTH-3-LPH precursor (1, 2). Al-
though the nucleotide sequence analysis reported in the present
experiments extends only partially into the 8-LPH coding se-
quence, the length of the insert and the observation that various
clones containing structurally different hybrid plasmids all have
a common DNA fragment that corresponds to the 3’ end of the
mRNA used as template for the cDNA insert together suggest
that the entire 8-LPH sequence is present on the pSNAC 20
plasmid. The map distances between the various site-specific
endonuclease cleavage sites shown in Fig. 4 and the Pst I sites
that bracket the cDNA insert are consistent with this inter-
pretation.

Although polysome run-off experiments (6) have suggested
that 8-LPH is located close to ACTH and somewhere near the
carboxyl terminus of the precursor molecule, the structure of
the peptide connecting the two hormones has not been reported.
Our analysis of the nucleotide sequence of the pPSNAC 20 cDNA
insert in the vicinity of the EcoRI site at amino acids 38 and 39
of ACTH indicates that the ACTH peptide is connected to
B-LPH by the sequence Lys-Arg. Because the unique EcoRI
site in the insert has been estimated to be approximately 540
bp from the cDNA end that corresponds to the 3’ terminus of
the mRNA and because this mRNA contains a poly(A) sequence
approximately 70 nucleotides long at the 3’ end (unpublished
data), we conclude that the carboxyl terminus of 8-LPH (which
consists of 91 amino acids, corresponding to 273 nucleotides)
is located about 250 bp from the 3’ end of the coding region of
the largest molecules of precursor mRNA.

It is noteworthy that the pair of basic amino acid residues
found at the junction of bovine ACTH with 8-LPH commonly
connects two peptides in a precursor molecule. For example,
the Lys-Arg sequence links 3-MSH with 8-endorphin (36), and

the C peptide with the A chain of insulin (42). For separation
of the ACTH and 8-LPH peptide hormones, the sequence
Lys-Arg must be specifically eliminated; the enzymatic
mechanism responsible for this proteolytic process remains to
be elucidated.

The observed high G+C content in the ACTH-8-LPH pre-
cursor coding sequence is noteworthy, because the overall G+C
content of bovine DNA is only 39% (43). This observation, plus
the presence of an unusual series of duplicated sequences within

cDNA insert

Eco R1—Pst | Eco R1—Pst |
fragment 2 fragment 1

e [500 bo] —>mf- [s001e] -]

pSNAC 20 Sl
Aval 2| Sst I
vall ;
| ‘] Taq| Hinc tl
Pstia | Avall (Pstlb
| | Il Ledil Ll 2 ]

™ 1
<«+—396 bp —»
[ ]

CORTlCOTROPIN) [ k
(ACTH) Lys-Arg

FIG. 4. Map of cDNA insert of pPSNAC 20 plasmid. The bars
indicate the coding sequences for bovine ACTH and 8-LPH. The lo-
cations of endonuclease cleavage sites were determined from agarose
gel electrophoresis patterns after simultaneous or sequential diges-
tions of either intact plasmid DNA or fragments isolated from gels
after previous digestions. The boxed cleavage sites shown above the
ACTH and 8-LPH genes were assigned to specific amino acid posi-
tions by direct DNA sequence analysis (see Fig. 3). The position of
the Lys-Arg sequence within the 396-bp sequence that corresponds
to the ACTH-B-LPH part of the precursor molecule is shown, as are
the locations of EcoRI fragments 1 and 2 that have been end-labeled
and used for DNA sequence analysis. The sizes of the two segments
of the cDNA insert that are divided by the EcoRI cleavage site be-
tween amino acids 38 and 39 of the ACTH coding sequence have been
estimated from gel electrophoresis data. The orientation of the cDNA
insert in pSNAC 20, with respect to the orientation of the 8-lactamase ,
coding sequence, was determined by using known endonuclease
cleavage sites on the pBR322 vector plasmid. The Xho I site within
the 8-LPH coding sequence is cleaved also by Taq I and Ava 1. The
Sma I site is cleaved also by Ava 1. Additional cleavage sites identified
by computer within the DNA segment studied by sequence analysis
are listed in the legend to Fig. 3.

—
B-lactamase

B—LIPOTROPIN
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the segments of the insert that encode both of its major com-
ponent peptides, may suggest that the coding regions for bovine
ACTH and S-LPH have evolved by a series of genetic dupli-
cations. In certain instances, mismatch between two largely
homologous DNA segments occurs by addition or deletion of
one or two nucleotide base pairs within the segment, resulting
in a shift of translational reading frame. Thus, the amino acid
sequence encoded by such segments may be different, despite
the extensive sequence homology observed at the nucleotide
level.

Double-stranded cDNA coding sequences for mouse dihy-
drofolate reductase (21) and for rat proinsulin (31) recently have
been expressed phenotypically or immunologically when in-
serted into the Pst I cleavage site of pBR322 by the poly(dG)-
poly(dC) joining method. In the case of proinsulin, a fused
protein bearing both insulin and 8-lactamase antigenic deter-
minants was produced and was carried outside of the cell by
a 23-amino acid leader sequence in the S-lactamase (31). In the
current studies, we independently used the same principle for
the construction of clones that are potentially capable of syn-
thesis and excretion of fused proteins that contain the ACTH
or 5-LPH peptide or both. It will thus be of interest to investi-
gate the production of the ACTH-8-LPH precursor and its
component peptides in the clones described here.

Note Added in Proof: Additional DNA sequence analysis confirms that
plasmid pSNAC20 contains the entire coding sequence for 8-LPH as
well as for ACTH.

We thank Drs. M. Takanami and K. Sugimoto for their kind help
in DNA sequencing, Dr. M. P. Wickens, Mr. G. N. Beuell, and Dr. G.
F. Crouse for their helpful advice, and G. Wabhl for providing infor-
mation about his tailing procedure prior to publication. S.N. thanks
the Yoshida Foundation for Science and Technology for a travel grant.
The investigations carried out in Kyoto were supported in part by re-
search grants from the Ministry of Education, Science and Culture of
Japan, the Mitsubishi Foundation, the Foundation for the Promotion
of Research on Medicinal Resources, the Japanese Foundation of
Metabolism and Diseases, and The Kyoshin Foundation. The work at
Stanford was supported by grants from the National Institutes of
Health, the American Cancer Society, and the National Science
Foundation to S.N.C. and R.T.S.

1. Nakanishi, S., Taii, S., Hirata, Y., Matsukura, S., Imura, H. &
Numa, S. (1976) Proc. Natl. Acad. Sci. USA 73, 4319-4323.

2. Nakanishi, S., Inoue, A., Taii, S. & Numa, S. (1977) FEBS Lett.
84, 105-109.

3. Mains, R. E. & Eipper, B. A. (1976) J. Biol. Chem. 251, 4115-
4120.

4. Mains, R. E,, Eipper, B. A. & Ling, N. (1977) Proc. Natl. Acad.
Sci. USA 74, 3014-3018.

5. Roberts, J. L. & Herbert, E. (1977) Proc. Natl. Acad. Sci. USA
74, 4826-4830.

6. Roberts, J. L. & Herbert, E. (1977) Proc. Natl. Acad. Sci. USA
74, 5300-5304.

7. Taii, S., Nakanishi, S. & Numa, S., (1979) Eur. J. Biochem., in
press.

8. Scott, A. P., Ratcliffe, J. G., Rees, L. H., Landon, J., Bennett, H.
P.]., Lowry, P. J. & McMartin, C. (1973) Nature (London) New
Biol. 244, 65-67.

9. Li, C. H. & Chung, D. (1976) Proc. Natl. Acad. Sci. USA 73,
1145-1148.

10. Ling, N., Burgus, R. & Guillemin, R. (1976) Proc. Natl. Acad. Sci.
USA 73, 3942-3946.

11. Nakanishi, S., Kita, T., Taii, S., Imura, H. & Numa, S. (1977) Proc.
Natl. Acad. Sci. USA 74, 3283-3286.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

&

27.

28.

29.

Proc. Natl. Acad. Sci. USA 75 (1978) 6025

Nakamura, M., Nakanishi, S., Sueoka, S., Imura, H. & Numa, S.
(1978) Eur. J. Biochem. 86, 61-66.

Kita, T., Inoue, A., Nakanishi, S. & Numa, S. (1978) Eur. J. Bio-
chem., in press.

Buell, G. N., Wickens, M. P., Payvar, F. & Schimke, R. T. (1978)
J. Biol. Chem. 253, 2471-2482.

Seeburg, P. H., Shine, J., Martial, J. A., Baxter, J. D. & Goodman,
H. M. (1977) Nature (London) 270, 486-494.

Ullrich, A., Shine, J., Chirgwin, J., Pictet, R., Tischer, E., Rutter,
W. J. & Goodman, H. M. (1977) Science 196, 1313-1319.
Wickens, M. P., Buell, G. N. & Schimke, R. T. (1978) J. Biol.
Chem. 253, 2483-2495.

Sharp, P. A., Sugden, B. & Sambrook, J. (1973) Biochemistry 12,
3055-3063

McDonell, M. W., Simon, M. N. & Studier, F. W. (1977) J. Mol.
Biol. 110, 119-146.

Thuring, R. W. J., Sanders, J. P. M. & Borst, P. (1975) Anal.
Biochem. 66, 213-220.

Chang, A. C. Y., Nunberg, J., Kaufman, R. J., Erlich, H. A,,
Schimke, R. T. & Cohen, S. N. (1978) Nature (London) 275,
617-624. :
Roychoudhury, R., Jay, E. & Wu, R. (1976) Nucleic Acids Res.
3, 863-877.

Kleinschmidt, A. K., Lang, D., Jacberts, D. & Zahn, R. K. (1962)
Biochim. Biophys. Acta 61, 856-864.

Curtiss, R., III, Pereiva, D. A., Hsuy, J. C., Hull, S. C,, Clark, J. E.,
Maturin, L. J., Goldschmidt, R., Moody, R., Inoue, M. & Alex-
ander, L. (1977) in Recombinant Molecules, Impact on Science
and Society, eds. Beers, R. F. & Bassett, E. G. (Raven, New York),
pp. 45-56.

Enea, V., Vovis, G. F. & Zinder, N. D. (1975) J. Mol. Biol. 96,
495-509.

Grunstein, M. & Hogness, D. S. (1975) Proc. Natl. Acad. Sci. USA
72, 3961-3965.

Doel, M. T., Houghton, M., Cook, E. A. & Garey, N. H. (1977)
Nucleic Acids Res. 4,3701-3718.

Kuperstock, Y. M. & Helsinki, D. R. (1973) Biochem. Biophys.
Res. Commun. 54, 1451-1459.

Maxam, A. M. & Gilbert, W. (1977) Proc. Natl. Acad. Sci. USA
74, 560-564.

Reddy, V. B.,, Thimmappaya, B., Dhar, R., Subramanian, K. N.,
Zain, B. S, Pan, J., Ghosh, P. K., Celma, M. L. & Weismann, S.
M. (1978) Science 200, 494-502.

Bolivar, F., Rodriguez, R. L., Greene, P. J., Betlach, M. C., Hey-
neker, H. L. & Boyer, H. W. (1977) Gene 2, 95-113.
Villa-Komaroff, L. Efstratiadis, A., Broome, S., Lomedico, P.,
Tizard, R., Naber, S. P., Chick, W. L. & Gilbert, W. (1978) Proc.
Natl. Acad. Sci. USA 75, 3727-3731

Oka, A. & Takanami, M. (1976) Nature (London) 264, 193-
196.

Korn, L. J., Queen, C. L. & Wegman, M. N. (1973) Proc. Natl.
Acad. Sci. USA 74, 4401-4405.

Staden, R. (1977) Nucleic Acids Res. 4, 4037-4051.

Li, C. H. (1972) Biochem. Biophys. Res. Commun. 49, 835-
839.

Li, C. H,, Tan, L. & Chung, D. (1977) Biochem. Biophys. Res.
Commun. 77, 1088-1093.

Wajchenberg, B. L., Pupo, A. A. & Laves, C. M. (1964) J. Clin.
Endocrinol. Metab. 24, 1083-1084.

Danowski, T. S., Hofman, K., Wergard, F. A. & Sunder, J. H.
(1968) J. Clin. Endocrinol. Metab. 28, 1120-1126.

Raniker, B., Sieber, P., Rettel, W. & Zuber, H. (1972) Nature
(London) New Biol. 235, 114-115.

Graf, L., Bajusz, S., Pathy, A. & Baraf, E. (1971) Csek. Acta
Biochim. Biophys. 6, 415-417.

Szybalski, W. (1968) Methods Enzymol. 12B, 330-360.

Nolan, C., Margoliash, E., Peterson, J. D. & Steiner, D. F. (1971)
J. Biol. Chem. 246, 2780-2796.



