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A recB2J derivative (CLB7) of an Escherichia coliIknd-19 pnp-7 strain (PR7)
was constructed for use in examining the in vitro coupled transcription-translation
of linear DNA. The expression of linearized DNAs in CL137 (recB21 rna-19 pnp-7)
lysates was enhanced significantly when compared with expression of the same
DNAs in lysates prepared from the PR7 or the original recB21 (CF300) strains. In
addition, the endogenous incorporation of [35S]methionine into protein was
considerably reduced in CLB7 lysates relative to lysates derived from the original
recB21 strain.

In vitro DNA-dependent coupled transcrip-
tion-translation systems prepared from Esche-
richia coli have proven useful for identifying
DNA sequences that have the potential to en-
code specific polypeptides (3, 12). However, the
expression of DNA in commonly used RNase-
deficiett strains is limited to either circular or
relatively large linear DNAs. This problem is
largely due to the presence in these lysates, of
exonuclease V, which degrades small linear
DNA molecules (11). If one eliminates exonucle-
ase V (recB recC) activity by using lysates
prepared from the strain CF300 (recB21), the
expression of linear DNAs is greatly enhanced
(11). On the other hand, the high level of ehdoge-
nous incorporation of [35S]methiorline into pro-
tein in CF300 lysates may obscure the identifica-
tion of polypeptides encoded by added DNA
(11). Since RNase-deficient straihs (rna) show a
much lower level of endogenous incorporation
of radioactive amino acids and inactivation of
polynucleotide phosphorylase (pnp) activity has
been shown to enhance the expression of several
genes in vivo (4, 5), lysates were prepared from
a recB21 rna-19 pnp-7 strain (CLB7) and were
used to examine the in vitro expression of linear
plasmid DNAs.

Construction of E. coli CLB7 was as follows.
A Thy- derivative of PR7 (rna-19 pnp-7), ob-
tained by trimethoprim selection (8), was trans-
duced with P1 phage which had been grown on
CF300. The Thy' transductants were selected
on minimal media containing no added thymine
and were tested for sensitivity to UV light by
replica plating (2). Strain CLB7 was one of the
Thy' UV' transductants resulting from this
cross. Inheritance of the recB21 mutation was

confirmed by marker rescue analysis with E. coli
JC5422 (thyA325 argE3 his4 thri leu6 proA2
thil) as the recipient for P1 phage grown on
CLB7. The cotransduction frequency between
recB and thyA was 46 to 51%, which is in good
agreement with previously reported frequencies
of 34 to 50% (10).

Cell free lysates were prepared from E. coli
PR7, CLB7, and CF300 by the method of Zubay
et al. (12) as modified by Andrews and Rawson
(1). Each lysate was used to examine the expres-
sion of several different plasmid DNAs that were
either in the supercoiled or linear form. Figure 1
shows the results of an experiment in which the
plasmid pBR325 was digested with either
BamHI or PstI and expressed in either the PR7,
CLB7, or CF300 lysate. Digestion of pBR325
DNA with PstI inactivates the ampicillin resist-
ance gene, resulting in the disappearance of the
32-kilodalton (kd) 3-lactamase polypeptide but
the continued synthesis in CF300 and CLB7
lysates of chloramphenicol transacetylase (24
kd) from the chloramphenicol determinant and
several of the gene products (32, 13.5, and 8.2
kd) from the tetracycline resistance gene (Fig. 1,
lanes C and E). When pBR325 DNA digested
with BamHI was added to either the CF300 or
the CLB7 lysate, the chloramphenicol transace-
tylase and P-lactamase polypeptides were effec-
tively expressed (Fig. 1, lanes D and F). Lysates
derived from PR7 showed a dramatic reduction
in the expression of pBR325 DNA linearized
with either BamHI or PstI (Fig. 1, lanes A and
B). Expression of supercoiled pBR325 DNA was
similar in all three lysates and was generally
more efficient than expression of linear plasmid
DNA (data not shown). Lysates from strain
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FIG. 1. Autoradiographs of SDS-polyacrylamide gels showing the [35S]methionine-labeled polypeptides
synthesized in vitro from linear pBR325 DNA in E. coli PR7, CLB7, and CF300 lysates. The pBR325 DNA was
digested with either BamHI or Pstl. The digested DNAs were precipitated with 2 volumes of ethanol and
suspended in TE buffer (50 mM Tris-hydrochloride [pH 8], 1 mM EDTA). The linearized DNAs (12 ,g of pBR325
DNA digested with PstI or 3 ,ug of pBR325 digested with BamHI) were resuspended in 40 ,ul of translation
cocktail (11) containing [35S]methionine (48 p.Ci, 1,280 Ci/mmol). Lysate (10 j±l) prepared from either PR7,
CLB7, or CF300 was added to these mixtures and incubated for 1 h at 37°C. The reaction mixtures were then
precipitated with 20 volumes of acetone at -20°C for 12 to 16 h. The precipitates were suspended in
electrophoresis buffer (6) and equal volumes of each mixture were loaded onto an SDS-polyacrylamide (15%
[wt/vol]) gel. Electrophoresis was carried out, and autoradiographs were prepared as described by Andrews and
Rawson (1). These autoradiographs show polypeptides made in vitro from: lane A, pBR325 DNA digested with
PstI in the PR7 lysate; lane B, pBR325 DNA digested with BamHI in the PR7 lysate; lane C, pBR325 DNA
digested with PstI in the CLB7 lysate; lane D, pBR325 DNA digested with BamHI in the CLB7 lysate; lane E,
pBR325 DNA digested with PstI in the CF300 lysate; and lane F, pBR325 DNA digested with BamHI in the
CF300 lysate.

CF300 routinely showed a three- to sixfold
greater endogenous incorporation of [35S]meth-
ionine when compared with lysates from strains
PR7 and CLB7. When lysates from strains PR7
and CLB7 were examined for endogenous incor-
poration of [35S]methionine into protein on sodi-
um dodecyl sulfate (SDS)-polyacrylamide gels, a
single distinct polypeptide (68 kd) was detected
in both lysates (see Fig. 3, lane A), whereas a
smear and numerous distinct polypeptides were
observed with the lysate from strain CF300 (data
not shown).
The expression of two recombinant plasmids

containing specific bacterial genes was also ex-
amined in these different lysates. The plasmid
pDPK15 contained a BamHI-EcoRI DNA frag-
ment carrying the E. coli sbcB region inserted
into the vector pMOB45 (9). Among the prod-
ucts expressed in minicells from this plasmid
was a 53-kd polypeptide identified as exonucle-

ase I (sbcB) (9). When supercoiled pDPK15
DNA was used to program lysates from strains
PR7, CLB7, and CF300, we saw the 53-kd
polypeptide in all cases (data not shown). When
this plasmid was digested with BamHI and ex-
pressed in the CLB7 lysate, the 53-kd product
and several unidentified polypeptides were ob-
served (Fig. 2). These same unidentified poly-
peptides were also observed when supercoiled
pDPK15 DNA was expressed in vitro (data not
shown). Similar polypeptides were seen when
this plasmid was expressed in vivo in E. coli
minicells (9). When pDPK15 DNA linearized
with BamHI was expressed in the PR7 lysate,
we did not see the synthesis of the 53-kd poly-
peptide. The detection of the expression of the
53-kd polypeptide from pDK15 DNA digested
with BamHI in the CF300 lysate was variable
and seemed to depend on the relative stimula-
tion of protein synthesis in the system due to the
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addition of exogenous DNA over that of endoge-
nous protein synthesis.
The second recombinant plasmid examined in

these lysates was pVMK52, which carries the E.
coli uvrD region inserted into the PvuII site of
pBR325 (7). The DNA fragment carrying the
uvrD region contains a PstI and a BamHI site.
When this plasmid was expressed in minicells, a
76-kd polypeptide corresponding to the uvrD
product was observed (7). Expression of super-
coiled pVMK52 DNA in CLB7 lysates also
yielded a 78-kd polypeptide (Fig. 3, lane B).
When pVMK52 DNA was digested with PstI
and was used to program the CLB7 lysate, as
expected, neither the 78-kd polypeptide nor j-
lactamase was synthesized. Instead, a new and
significantly smaller polypeptide (40 kd) was
observed (Fig. 3, lane C). This new polypeptide
was considerably smaller than the expected
truncated polypeptide (58 kd) predicted from the
restriction endonuclease map of this gene (7).
Since the PvuII DNA fragment contained in this
plasmid is only 2.9 kilobase pairs, it is unlikely
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FIG. 2. Autoradiograph of an SDS-polyacrylamide
gel showing the [35S]methionine-labeled polypeptides
synthesized in vitro from linear pDPK15 DNA in an E.
coli CLB7 lysate. The in vitro expression in CLB7
lysate of pDPK15 DNA (10 jig) digested with BamHI
was the same as that described in the legend to Fig. 1,
except that 37 pCi of [YS]methionine (1,100 Ci/mmol)
was added. The sample was prepared for electrophore-
sis as described in the legend to Fig. 1 and 50,000 cpm
was loaded onto the gel (12.5% [wt/vol] polyacryl-
amide).

FIG. 3. Autoradiographs of SDS-polyacrylamide
gels showing the [35S]methionine-labeled polypeptides
synthesized in vitro from linear pVMK52 DNA in an
E. coli CLB7 lysate. In vitro expression of the DNA (3
jig) in the CLB7 lysate was the same as that described
in the legend to Fig. 1, except that 23 ,uCi of [35S]meth-
ionine (1,490 Ci/mmol) was added. The samples were
prepared for electrophoresis as previously described
(legend to Fig. 1) and 200,000 cpm was loaded per
well. The 12.5% (wt/vol) polyacrylamide gel was ana-
lyzed as described in the legend to Fig. 1. These
autoradiographs show the polypeptides expressed
from various forms of pVMK52 DNA in the CLB7
lysate. Lanes: A, No DNA; B, supercoiled pVMK52
DNA; C, pVMK52 DNA digested with PstI; and D,
pVMK52 DNA digested with BamHI.

that the 40-kd polypeptide is anything other than
some form of an abbreviated truncated polypep-
tide originating from the uvrD gene. When
pVMK52 DNA was linearized with BamHI and
expressed in the CLB7 lysates, j-lactamase
expression was unaffected and neither the syn-
thesis of the 78-kd polypeptide nor the predicted
30-kd truncated polypeptide from this DNA was
observed. The absence of the 30-kd truncated
polypeptide may be due to one of several rea-
sons. It could have been obscured by the P-
lactamase polypeptide (30 to 32 kd) in that
region of the gel, or it may have been more
susceptible to proteolytic degradation. Alterna-
tively, digesting the DNA with BamHI close to
the 5' end of the gene may have affected the
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ability of RNA polymerase to initiate transcrip-
tion. These experiments illustrate two pdints.
First, when only the recombinant DNA insert in
a plasmid is cut with a restriction endonuclease,
the expression in the CLB7 lysate of the intact
antibiotic determinants on the vector is not
altered. Secondly, in some cases various forms
of truncated polypeptides can be expressed from
a DNA sequence that has been cut internally
with a restriction endonuclease.

Finally, E. coli CLB7 appears to yield a lysate
that is capable of being used as an in vitro
coupled transcription-translation system to ex-
press small lineair DNA fragments. The same
lysate shows a minimal endogenous incorpo-
ration of radioactive amino acids into proteins.
These two properties of a lysate prepared from
strain CLB7 make it particularly useful in identi-
fying and mapping gene products contained on
small linear DNA.
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