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Summary. - We describe an in vivo cloning method using mini-Mu
phage for genes, which cannot be cloned on multicopy vectors,
mainly for their toxicity. We have successfully cloned succinate
dehydrogenase (sdh) gene E. coli which was inactivated with defined
insertion of fragment Km® by this method. The most of obtained
Kmr clones of mini-Mu transductants have contained the sequence
of whole sdh gene. The intact gene of sdh can be reconstructed by
site-directed mutagenesis.
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Introduction

Cloning of DNA sequences has become an important step in many biological
studies. It usually involves the joining to vector of DNA sequences capable of
replication when introduced into an appropriate host. An alternative to in vitro
DNA cloning systems is the use of transposons in cloning of genes (Berg ef al.,
1989).

Bacteriophage Mu was discovered as a temperate phage which upon lysogeni-
zation generated mutations in the host with a high frequency. Mu can grow in E.
coli as well as in many species of Enterobacteriaceae family. The host range of Mu
was extended further by preparation a recombinant of Mu with the related tail
genes of phage P1 (MuhP1) (Csonka er al., 1981). Only products of two phage
genes, A and B, and short sequences of the both ends of phage linear genome
are needed for its transposition. These features make bacteriophage Mu and its
deletion derivatives (mini-Mu) the transposable element of choice to carry out in
vivo genetic engineering.

Mu is especially suitable for in vive cloning due to ifs very intensive
transposition ~ more than 100-times per cell within its lytic cycle. Groisman et al.
(1984) have used the Mu vectors for in vive cloning for the first time. They have
constructed mini-Mu derivatives with different antibiotic markers and replicons.
These derivatives carry also a segment of Jac operon which enables to construct
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Media. E. coli was grown either in liquid or solid LB medium (Maniatis et al., 1982). The
concentrations of antibiotics were: ampicillin (Ap) 50 mg/l, chloramphenicol (Cm) 30 mg/l,
kanamycin (Km) 25 mg/l. Minimal medium was prepared according Maniatis et a/. (1982), and as
a source of carbon sodium succinate (40 mmol/l) was used.

DNA biochemistry. Restriction enzymes BamHI, FcoRV, T4 DNA ligase and A DNA was from the
Realization Center of Comenius University, Bratislava. Other enzymes were from Boehringer
Mannheim, FRG. Plasmid DNA was isolated as described by Birnboim and Doly (1979). The other
protocols were used according Maniatis er al. (1982).

Preparation and using of Mu lysates. The lysates of mini-Mu/Mucts62 double lysogens were
prepared by a modified method of Groisman and Casadaban (1986) with thermal induction of the
donor strain. Overnight culture grown at 28 ©C in liquid LB medium with Cm was dituted 1:100in 10
mi LB medium without Cm, but with MgS80O, (10 mmol/1) in 250 ml Erlenmeyer flask and incubated
at 28 °C with good aeration until Agy, reached approximately 0.5. Then CaCl, was added to the
culture to final concentration 5 mmol/l and the culture was shifted to 42 °C for 20 min and then to
37 oC until visible lysis was observed. Chloroform (1 % of the volume) was added to the Iysate and
vortexed for 10 sec. Cell debris were removed by centrifugation and the supernatant was used for
determination of the phage titer (PFU/ml).

In vivo cloning with mini-Mu replicons. To infect the recipient cells 100 ul of lysate was mixed with
200 ul of cells from overnight culture and incubated at 20 °C for 45 min without shaking. 1 m! LB
medium was then added to the tube and incubation was carried out for 1 hr at 28 °C with shaking to
allow for expression of the drug resistance marker in the mini-Mu. Cells were plated in appropriate
medium containing the corresponding antibiotic and incubated overnight at 28 oC.

Bacterial genetic technigues. Transformation of E. coli was done according Cohen er al. (1973). P1
transduction and preparation of P1 lysate were carried out according Silhavy er al. (1984).

Results
Construction of JT4 and JT110 strains
The JT4 and JT110 strains were constructed by Pl transduction of a Afhr

mutation from SM1 into TG1 and from DW33 into JT6 respectively and by
subsequent lysogenization with Mucts62.

onT

Fig. 1
Physical map of mini-Mu pJT2
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Fig. 3
Gel electrophoresis of plasmids from in
vivo cloning of sdh::Km
pJT2 plasmid (lane 1); plasmids from Km
resistant clones (lanes 2-10).

succinate and Cm. The obtained results are shown in Table 2. However, we
found out after restriction analysis, that all the positive clones contain Hindlll
fragment of approximately 5.1 kb, which is characteristic for the frd gene (Fig. 2).
These results fit those of Guest (1981) indicating that the frd gene is able replace
the sdh function in multicopy plasmids.

In vivo cloning of sdh::Km

We used E. coli JT110 (pTJ2) for the in vivo cloning of the sdh::Km fragment.
Using thermal induction a lytic cycle and transposition of Mu phage and mini-
Mu derivative pJT2 were induced. The lysate was prepared and its titer was
estimated. This lysate was used for the transfer of Cm resistance gene and
sdh::Km fragment into JT4 recipient strain (Table 2). From 5 positive clones,
which grew on LB medium with Cm and Km, preparations of plasmid DNA
were analyzed (Fig. 3). After cleavage with BamHI in three of them there were
fragments, which were as large as sdh gene with insertion of Km cassette from
Tn903. From a chosen clone, which was designated pJTSDHKm4, the mentio-
ned fragment was removed using BamHI and recloned into pTZ19R plasmid.
Selection was carried out on the medium containing Ap and Km. The recombi-
nant plasmid was designated pTZSDHKm3 (Fig. 4).

Discussion

Mini derivatives of Mu bacteriophage were successfully used for in vivo
cloning of several genes (Sirko et al., 1987; Sirko and Hulanicka, 1988; Groisman
and Casadaban, 1987; Wang et al., 1987; Gramajo et al. 1988; Srivastava et al.,
1989; Strauch et al., 1989; Roncero and Casadaban, 1992). In vivo cloning is
convenient provided there is a possibility of selection of recombinants using
suitable selective medium. This method can considerably shorten the time,
especially in cloning of analogous genes, when it is not necessary to isolate DNA
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Fig. 4
Physical map of plasmid pTZSDHKmM4

and to construct genomic library. Preparation of Mu phage lysates on a compe-
tent donor is incomparably simpler than the in vitro library construction.

Our primary aim was to clone the sdh: gene from several strains of
Enterobacteriaceae. After Mu transduction we have received several clones
which grew on the minimal medium with sodium succinate, The analysis of
clones has shown that only the frd gene was in all recombinant plasmids. It is
known that frd gene in high copy number can compensate for the sdh function
(Gruest, 1981). £. coli was chosen as a donor of sdh gene for the analysis of this
problem because the sequences of both genes are known and it considerably
simplifies the restriction analysis of transductants. In this case we analyzed 14
transductants growing on the minimal medium with succinate as a sole source of
carbon. Only the frd sequences was found in all recombinants. The ratio frd:sdh



CLONING OF TOXIC GENES WITH MINI-MU PHAGES 375

14:0 indicates some principal reason, why the clones with sdk have not been
cloned. E. coli sdh gene has been cloned using A transduction bacteriophage
(Spencer and Guest, 1982). Because of that we supposed that sdh gene present
on multicopy plasmid can be toxic for the cell or there could be other toxic
determinants flanking this gene. Therefore in the next work we used nonfuncti-
onal sdh gene split with Km cassette. In this case we selected clones with Km
resistance.

We supposed that sdh sequence would be present in the most of Km resistant
clones which containing fragments 14 kb in average. Using this method we were
able to clone the whole sdh gene sequence, that was confirmed by restriction
analysis as well. The fragment with sdh::Km was recloned into the pTZ19R
plasmid, in which it is possible to reconstruct the functional sdh gene by directed
mutagenesis.

Our results show that difficulties with sdh gene cloning are probably connec-
ted with higher level of gene product using multicopy plasmids and not directly
with the in vivo cloning. Similar results were obtained in cloning the determinant
for tellurite resistance (Burian ez al., personal communication). We assume that
the use of low copy number replicon in mini-Mu represents one way how to
solve the problem of direct in vivo cloning of toxic genes. The method used in
our work can be also applied in the in vive cloning of other toxic genes.
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strains SM1 and DW33.
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