
Vol. 154, No. 2JOURNAL OF BACTERIOLOGY, May 1983, p. 1005-1008
0021-9193/83/051005-04$02.00/0
Copyright C 1983, American Society for Microbiology

Positive-selection Cloning Vehicle Useful for Overproduction
of Hybrid Proteins

SOO-CHEN CHENG AND PAUL MODRICH*
Department ofBiochemistry, Duke University Medical Center, Durham, North Carolina 27710

Received 15 November 1982/Accepted 3 March 1983

Plasmid pSCC31 contains the EcoRI endonuclease gene downstream from
lambda PL. It does not yield transformants upon introduction into Escherichia coli
unless the structural integrity of the endonuclease is destroyed. This makes it
useful as a positive-selection cloning vehicle which can be employed for regulated
overproduction of hybrid proteins.

The structural genes for EcoRI restriction and
modification enzymes have been localized to a
2,200-base pair segment of DNA, and the se-
quence of this region has been determined (4,
11). We recently constructed several new plas-
mids carrying the EcoRI genes, as well as deriv-
atives which contain large deletions within the
gene for methylase. We describe here the con-
struction and properties of one such r+ m-
plasmid in which expression of the endonuclease
gene is under control of the bacteriophage A PL
promoter. The properties of this plasmid indi-
cate that it may prove useful as a positive-
selection cloning vehicle.
The construction and structure of the EcoRI

r+ m- plasmid pSCC31 is presented in Fig. 1 to
3. As shown in Table 1, the transformation
efficiency of this plasmid into a X lysogen was
about five orders of magnitude less than that for
pAN4, an r+ m+ derivative of pBR322 (11).
However, transformation efficiency was re-
stored to high levels if the host contained a
functional EcoRI methylase gene or if the integ-
rity of the endonuclease gene within pSCC31
was destroyed by an insertion, as in the case of
pSCC5076 and pSCC5077. As described below,
these latter plasmids contain an 0.5-kilobase
segment inserted in the two possible orientations
into the BglII site of pSCC31. These properties
suggest that failure to obtain transformants of
EcoRI m- hosts with pSCC31 is due to lethal
effects of endonuclease production upon cell
entry. The expression of endonuclease under
such conditions could reflect low-level tran-
scription from PL in the repressing host used,
transcription from an EcoRI promoter within the
insert, or both.
The nature of transformants obtained upon

introduction of pSCC31 or BglII linears of the
plasmid into EcoRI m- hosts (Table 1) was also
examined. Only one Apr clone was recovered
from several experiments with intact pSCC31.

Plasmid preparations derived from this strain
indicated it to be a rare double transformant
containing both r+ m- pSCC31 and r- m+ pJC1,
the latter being a contaminant due to method of
isolation of pSCC31 (see legend to Fig. 3). A
total of 15 Apr transformants were recovered
from four experiments with BglII linears of
pSCC31. In all cases, these strains contained
pSCC31 derivatives which had lost the BglII site
and contained deletions of variable size (data not
shown).
As in the case of the BglII site, the HindIII

site of pSCC31 can be employed for positive
selection of plasmids containing inserts within
the endonuclease gene, with the background
being on the order of 1 to 2%. Although not
shown, these experiments also demonstrated
stable maintenance of a 3.19-kilobase insert
within the HindIII site of the plasmid.
We also tested the possibility that in-phase

insertions would yield hybrid proteins in model
experiments in which a 507-base pair segment
from phage fl gene 3 was inserted into the
endonuclease gene of pSCC31. This segment,
corresponding to nucleotides 1,716 through
2,222 of the fl sequence (1), was generated by
DpnI cleavage of viral replicative form I
and coupled to d(CpCpGpGpApTpCpCpGpG)
BamHI linkers with T4 DNA ligase. After cleav-
age with BamHI, the segment was inserted into
the BglII site of pSCC31 (Fig. 3). Inspection of
EcoRI (4, 11) and fl gene 3 (1) DNA sequences
indicated that in one orientation the inserted
gene 3 segment would be in phase with the
amino-terminal sequence of the endonuclease
gene to yield a 319-residue polypeptide with an
Mr of 35,000. In this protein, amino acids 1
through 146 are expected to be identical to the
amino-terminal sequence of the endonuclease,
whereas residues 148 through 316 are from the fl
gene 3 product (corresponding to amino acids 47
through 215 of the gene 3 polypeptide). The
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FIG. 1. Restriction map ofEcoRI structural gene region. Adapted from Newman et al. (11) and Greene et al.
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FIG. 2. Construction of pSCC301 and pSCC3011.
The lambda-pBR322 hybrid plasmid pKC30 (14) was
cleaved with BgllI and EcoRI, and DNA termini were
repaired with T4 DNA polymerase. After closure with
T4 DNA ligase, plasmid pSCC301 was obtained upon
transformation (6). Plasmid pSCC3011 was derived
from pSCC301 by enzymatic deletion of the small
HpaI-BamHI fragment, attachment of BamHI linkers
to the blunt HpaI termini (8), and covalent closure
with T4 ligase. Both plasmids were propagated in E.
coli N99 (Smr XA). The aim of these modifications of
pKC30 was to facilitate insertion downstream from OL
PL as well as elimination of HindIII and BgllI sites so
that, upon insertion of EcoRI structural genes (Fig. 1),
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FIG. 3. Structure of EcoRI r+ m- plasmid
pSCC31. The EcoRl structural gene region (Fig. 1)
was isolated from plasmid pAN4 (11) as a product of
PvuII cleavage and partial HindIlI hydrolysis. After
repair of HindIII termini with T4 DNA polymerase
and attachment of BamHI linkers, the DNA segment
was inserted into the BamHI site ofpSCC3011 (Fig. 2).
Resulting plasmids were screened for orientation of
the insert, and a plasmid with the desired orientation
relative to PL was isolated. Hydrolysis with AvaI and
closure with T4 ligase yielded pSCC31, which is
deleted for the COOH-terminal portion of the methyl-
ase gene rightward from the AvaI site (Fig. 1). This
Apr, EcoRI r+ m- plasmid was propagated in E. coli
JC4588 (endA recA56 gal his322 thi X+) (provided by
A. J. Clark, University of California, Berkeley) har-
boring the compatible Cm', EcoRI, r- m+ plasmid
pJC1. The latter plasmid was constructed by transfer-
ing the HindIII fragment spanning the methylase gene
(Fig. 1) into the HindlIl site of pACYC184 (2). Total
plasmid DNA was isolated from this strain (10), and
pJC1 was eliminted by exhaustive hydrolysis with Sall
endonuclease followed by banding in cesium chloride-
ethidium bromide gradients.

the Hindlll and BgIl sites within the endonuclease
gene would be unique. Sequences deleted from pKC30
by these manipulations are indicated by crosshatching
and bold face. Crosshatched sequences between the
HindIII and BglII sites and bold-faced sequences
between HpaI and BamHI sites of pKC30 are derived
from bacteriophage lambda (14). Crosshatched se-
quences between EcoRI and Hindlll sites are denrved
from pBR322, which was used to construct pKC30.
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TABLE 1. Transformation efficiency of pSCC31 and
derivatives

No. of Apr
DNA Hosta transform-

ants per Fg

pAN4 r+ m+ N99(A+) 1.4 x 105
pSCC31 r m N99(X+) 3b
BgIII linear of pSCC31 N99(X+) 40c
pSCC31 r+ m- N99(X+ pJC1) 0.7 x 105
pSCC5076 r- m- N99(A+) 4.6 x 105d
pSCC5077 r- m- N99(X+) 5.5 x 105d

a As described in the legend to Fig. 3, plasmid pJC1
specifies a functional EcoRI methylase and is compati-
ble with pSCC31, which is a derivative of pBR322 (14).

b One transformant was recovered from four experi-
ments with a total of 0.37 ,ug of DNA. Since this isolate
was resistant to both ampicillin and chloramphenicol
and was EcoRI r+, it evidently had been transformed
by both pSCC31 and pJC1, the latter being a contami-
nant due to the method of isolation of pSCC31 (see the
legend to Fig. 3).

c A total of 15 transformants were recovered from
four experiments with a total of 0.37 ,ug of DNA.
Plasmid DNA recovered from these isolates was resis-
tant to BgIII and contained deletions of variable size.

d Plasmids pSCC5076 and pSCC5077 were derived
from pSCC31 by insertion of a segment of fl gene 3
into the BglII site of pSCC31. Gene 3 and EcoRI
sequences are in phase in pSCC5077, resulting in
production of a hybrid protein. In pSCC5076, fl se-
quences are present in the opposite orientation, result-
ing in production of a truncated EcoRI polypeptide.

opposite orientation should result in the produc-
tion of a 149-amino acid polypeptide with an Mr
of 17,000 of which the first 146 residues are

identical to the amino terminus of the endonu-
clease.

Figure 4 shows immunological blot analysis of
a sodium dodecyl sulfate gel loaded with total
lysates derived from cells harboring plasmids
containing the fl insert in either orientation. The
host employed, M5248, harbors a defective
cl857 lysogen permitting thermal induction of
the PL promoter of the pSCC31 vector. Results
obtained with anti-EcoRI endonuclease
immunoglobulin G (IgG) are shown in the left
panel. Extracts of thermally induced cells con-
tained a cross-reacting protein of Mr 39,000 in
the case of the in-phase fl insert, whereas a
17,000 species was found when the insert was in
the opposite orientation (Fig. 4, lanes B and D).
No detectable cross-reacting material was ob-
served in either case in the absence of thermal
induction (Fig. 4, lanes A and C). The right panel
shows results of an identical experiment, except
that in this case, blotting was performed with
anti-fl gene 3 protein IgG. Although cross-reac-
tion of this antiserum with two cellular compo-
nents was observed in all cases, thermal induc-
tion of the plasmid containing the in-phase insert

yielded a major component ofMr 39,000 and two
minor components of Mr 35,000 and 28,000.
(The apparent Mr 39,000, of the major cross-
reacting component is somewhat higher than the
expected value of 35,000. This does not reflect
the presence of multiple BamHI linkers of the fl
insert, since plasmid pSCC5077 contains only
one BamHI site corresponding to that in the
pSCC31 vector [Fig. 3]. It seems likely that the
anomalous mobility of the hybrid protein re-
flects the hydrophobic nature of the fl gene 3
product, which is a structural component of the
filamentous phage. Previous analyses of the
intact gene 3 polypeptide by sodium dodecyl
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FIG. 4. Immune blot analysis of proteins produced
upon insertion of fl gene 3 sequences into the EcoRI
endonuclease gene of pSCC31. Plasmid pSCC5077
contains the fl insert in phase with the endonuclease
gene, whereas in pSCC5076, the insert is present in the
incorrect orientation. These plasmids were introduced
into M5248 X bio275 c1857 AHI (provided by M. Rosen-
berg, National Institutes of Health, Bethesda, Md.).
Cells were propagated at 30°C in Luria broth (9) to an
absorbance at 590 nm of 1 and were then shifted to
42°C for 4 h. Extracts were prepared (18) and subject-
ed to sodium dodecyl sulfate gel electrophoresis (7,
15). Proteins were transferred to nitrocellulose strips
(16) which were probed with the indicated IgG and
staphylococcal 125I-labeled protein A (17). Lanes A
and B were derived from M5248(pSCC5077), unin-
duced and thermally induced by PL expression, re-
spectively. Lanes C and D contained comparable
samples derived from M5248(pSCC5076). The immune
blot shown in the left panel was prepared with anti-
EcoRI endonuclease IgG (13), whereas that in the right
panel was prepared with anti-gene 3 protein IgG
(generously provided by R. Webster, Duke University
Medical Center, Durham, N.C.). The ordinate shows
apparent Mr, with the arrow indicating the position of
migration of intact EcoRI endonuclease.
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sulfate gel electrophoresis have indicated Mr
values 36 to 61% greater than that predicted
from the gene sequence [5].) The latter proteins
may represent proteolytic products of the 39,000
Mr form since extensive hydrolysis of this poly-
peptide was observed upon storage of cell ly-
sates at 0°C for several days (data not shown). In
contrast, no new species appeared upon thermal
induction of cells harboring the fl insert in the
wrong orientation. These results have led us to
conclude that pSCC31 can be employed for
regulated synthesis of hybrid proteins.
Two positive-selection cloning vectors have

been previously described. Roberts et al. (12)
have described the plasmid pTR262 (Apr Tcr
cI+) in which expression of the tet gene of
pBR322 was placed under lambda cI control.
This plasmid is phenotypically Tc' but becomes
Tcr upon inactivation of cI function by insertion
of DNA segments. More recently, Dean (3) has
constructed a derivative of pBR322 (Apr Smi)
containing the wild-type Escherichia coli rpsL
gene. Host strains which are altered in rpsL
function, and hence phenotypically Smr, be-
come Sms upon transformation with this plas-
mid. However, transformants derived from plas-
mids carrying inserts within the rpsL gene
remain Smr and can be identified by virtue of
this behavior. Although the EcoRI r+ m- plas-
mid pSCC31 described here is similar in terms of
its positive selection properties, it may offer
advantages over previous vectors of this type.
For example, we have demonstrated the utility
of this vector for regulated production of hybrid
proteins under control of a strong promoter.
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