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A strategy based on a vector host-dependent for autonomous replication, pSA3182, was utilized
both for the rapid screening f@taphylococcus aurewgenes essential for cell viability and for the
introduction of specific polarity-neutral deletions in nonessential genes. The results obtained support
the use of pSA3182 for both purposes 1999 Academic Press

Recently, the complete sequence of severahd at its 3 end, where the insertion does not
bacterial genomes has been determined (Blatifect the structural gene but might have a pola
neret al.,1997; Bultet al.,1996; Fleishmanet effect on the downstream genes. Comparing th
al., 1995; Fraseret al., 1996; Kunstet al., frequency of insertions at these two locations ir
1997). Based on this information a variety ok gene should give a good estimate on th
studies, both fundamental and applied, nowssential character of the respective gene.
have become possible. In the case of a patho-For each studied gene, defined fragments Ic
genic microorganism, such &taphylococcus cated either in the middle of the coding se-
aureus,the availability of the genome sequencguence or at its '3end were cloned into a vector
makes possible studies attempting to identifyjost-dependent for autonomous replication
genes that are essential either for viability of th95A3182. pSA3182 (Fig. 1) was obtained by
microorganismin vitro or for its ability to cause |igation of three distinct fragments: (i) a region
infections. The products of both classes o plasmid pT181 (coordinates 1-1687) (Khan
genes can be considered as potential targetsgRg Novick, 1983) containing the plasmid ori-
the effort to develop new classes of antimicrogins of replication for both the leading (Gennaro
bial agents. et al.,1989) and the lagging strand (Gruetsal.,

The aim of the present work was to_develoa%?)' but not theepC gene encoding the es-
a protocol that allowed for the screening 8f  gontia| plasmid replication initiator, RepC
aureusgenes essential for viability. The syste Novick et al., 1982); (i) a 2.9-kb fragment
was also suitable for the introduction of deﬁne’&ontaining thetetA gene conferring tetracycline
polarity-neutral deletions in genes that are NQLgistance (Nesiret al., 1990); and (iii) the

essential for viability but might be involved in 1.1-kb EcoRl L fragment of phage #11 which
pathogenicity. The approach used to evaluage . . )
the essential character of a gene was based }ﬁcludes the phage DNA packaging site (Nov

the insertion by a single crossover of a s ecifi@iz et al., 1986). As a result of its structure,
y 9 P SA3182 can replicate autonomously only in

Do et o ot e RepC s proviedans Such 3
gene, 9 permissive strain, SA3528, has been con
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Sacl 2683

FIG. 1. Restriction map of plasmid pSA3182.

nescu, 1989) has been inserted into transposp8A3182 derivatives carrying specific gene
Tn917 carried by the delivery vector pTV1(Ts)fragments, due to their ability to integrate into
(Youngman, 1987). Several transpositions dhe chromosome based on the homology pro
this engineered Tn917 into the chromosome ofided by the cloned fragment, as long as this
strain RN4220 (Kreiswirthet al., 1983) have insertion does not lead to the inactivation of ar
been selected and found to provide similar levessential gene.
els of RepC activity. One of these isolates, The approach outlined above was used to te:
SA3528, was used in the present study. A sinthe essential character of fo8r aureugyenes:
ilar strategy was recently reported in the conausG, diviB, dbpAand dbpB, selected as po-
struction of a vector used in another gramtential targets for the development of new anti-
positive organism,Lactococcus lactisfor a microbial agents. For each gene, internal (note
different purpose (Leenhouts al., 1998). K, for knockout) and 3terminal (noted P, for
Due to the presence of the phage @11 fragolar) fragments were generated by PCR usin
ment, pSA3182 could be transduced by @11 inthmpliTag DNA polymerase (Perkin Elmer Ce-
SA3528 at a very high frequency (over 5%) butus) under the conditions specified by the man
could not be established in strains that do naffacturer. The size of all fragments was in the
provide RepC. However, transduction int@350 to 550 bp range. The primers used wer
RepC recipients might occur in the case ofdesigned in such a way as to proviéanHl|
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sites at both ends of each fragment. After am- TABLE 1
plification, the fragments were digested by Relative Transduction Frequencies
BamHI and cloned into the uniquBanHl site of pSA3182 Derivatives

of pSA3182, using SA3528 as a host. Whenever

possible, both orientations of the insert in._ Fragment Tfrraegi‘licct)'?o”
pSA3182 were isolated. In pSA3182, transcrip-
tion of tetA is toward the uniquBanH| site  — - <3.0%x 107
(Fig. 1) and was shown to proceed beyond theisG K+ 6.8x10°
end of thetetA fragment (lordanescu, unpub- K= 2.8 1Oj
. : ! P+ 1.0% 10
lished results). As a result, for one orientation of p_ 31%10°
the insert, noted-, the integration of the hybrid giv1g K+ 1.0x 10°®
into the chromosome by a crossover at the level K- 7.8x 107
of the cloned fragment will be such that tran- P 5.8x 10"
scription oftetAwill be in the same direction as o i;r i:ii 18’6
that of the disrupted gene. Under these condi- K1— 1.2% 107
tions, tetA transcription should extend down- K2+ 4.8x 107
stream and might alleviate possible polar effects K2- 58x 10"
of the insertion. This would not occur for the P 1.2 10::
. . . dbpB K1+ 4.4x% 10
opposite orientation, noted. K1 17%10°
The transduction frequency of each hybrid to K2+ 7.8%x 1078
RepC recipient RN4220 was determined and K2- 1.6x 107
the values were normalized against the trans- E+ Iii igiz

duction frequency of the same hybrid to the
RepC' recipient SA3528. For all hybrids tested = transduction frequencies were expressed as a ratio
the absolute value of transduction frequency teansductants/ml obtained in RN4220 relative to SA3528
SA3528 was in the range of 5-10%. pSA3182Il values are the average of at least three experiments.
without any insert was used as a control. The
values obtained are presenteq n Taple L Nog?ructural genes have, at least, some deleteriol
that for dbpA and dbpB two distinct internal fects
fragments (K1 and K2) were used to avoid rq a0k hybrid, 1-2 transductants isolated i
misinterpretations due to the possible residugdy 4220 were selected and analyzed to establis
activity of truncated gene products.. _ that they carry the hybrid specifically inserted
For all constructs the efficiency of integrationiq the chromosome due to the homology pro
into the chromosome seems rather low, as Igjged by the cloned fragment. In a first step, the
flected by a transduction frequency at least 1Qpecificity of the insertion was evaluated by
times lower to RN4220 than to SA3528. Thispcr amplification using as template chromo.
might reflect a less efficient homologous recomsomal DNA isolated from a transductant and
bination in S. aureusNo Significant effect of two primers: one Comp|ementary to a sequenc
the orientation of the cloned fragments wag tetA and the other Corresponding to a se-
observed for the hybrids tested. The results oluence in the respective gene outside the clone
tained (Table 1) suggest that the genes test@@dgment. For all transductants studied, sucl
fall into two classes. FonusGand dbpBthe PCR amplifications generated fragments of th
transduction frequency was about the same fgize expected (data not shown), indicating tha
hybrids with internal or 83end fragments, while indeed integration into the chromosome oc:
for the other two genes, the hybrids with the 3curred in a specific way. A second step involvec
end had a transduction frequency at least 5- @ Southern analysis of the chromosomal regio
10-fold higher than that of those with internalexpected to carry the insert. Probes specific bot
fragments, suggesting that insertions in theder pSA3182 and for the studied gene were
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used. Two types of results were obtained. Fdrave been reported to be essential in yea:
all hybrids carrying 3end fragments as well as(Schmidt and Linder, 1992).
for those with internal fragments efusGand pSA3182 could also be used as part of ¢
dbpB, the Southern analysis indicated that theystem for the generation of unmarked deletion
structure of the chromosomal region carryingn the S. aureuschromosome. Such systems
the insert was as expected, and no signal corralow for the delivery of precise polarity-neutral
sponding to the wild-type gene could be demutations into bacterial chromosomes in a site
tected. These results confirm that the inactivapecific fashion (Reyratt al., 1998). The test
tion of these genes does not affect viabilitylocus in this approach was tliesDE response
Multiple, tandem insertions of a hybrid wereregulator pair fronS. aureusA 679-bp region
observed in some of these transductants. Thi§ upstream homology together with a 716-bg
can be explained by the presence of the hybriadsgion of downstream homology was generate
as long concatemers in transducing particldsy crossover PCR as described (Liek al.,
(Novick et al., 1986). 1997), except that in addition an in-frame ter-
The chromosomal structure of clones carrymination codon was included directly before the
ing insertions into the structural geneé&/1B overlap region. The final deletion was 201 bp
and dbpA did not correspond to that expectecand removed a C-terminal portion of the re-
and a signal corresponding to the wild-typesponse regulator along with an N-terminal re-
gene was always present regardless of the rgion of the histidine kinase component. The
striction enzyme used. These data suggest thddletion disrupted the translational coupling of
divliB and dbpAare essential genes and inserthe pair and, together with the in-frame termi-
tions disrupting their structure can occur only imation codon, assured inactivation of the locus
cells carrying also a wild-type copy of the geneThe final PCR product contained terminal
as part of a duplication of the respective chroBanHI sites for insertion into pSA3182. The
mosomal region. Such duplications should natesulting construct, pHR321, was introducec
necessarily change the size of the diagnostinto RN4220 by electroporation, and single in-
PCR fragments generated by a single pair afertion clones generated by homologous recon
primers, as presented above for these insertiorsnation with one of the two chromosomal frag-
The presence of duplications in the genome afents were isolated and analyzed by diagnosti
many bacteria is well documented (Romero anBCR with appropriate primers as describec
Palacios, 1997). More studies are required tabove (Fig. 2A). The second step involved the
understand the nature of the duplications postisolation of clones in which a second crossove
lated based on the experiments reported herehas occurred resulting in the loss of the inte-
The conclusions, based on the results pregrated pSA3182. The procedure used took ac
sented, on the essential character of the fowantage of the fact that a pT181 origin cannot be
studied genes are in good agreement with dataaintained in the presence of a source of Rep
available from other organismsusG known to in excess (lordanescu, 1995). Plasmid pSA759
be involved in rho-dependent transcription tereverproducing RepC and conferring erythromy-
mination, was recently shown to be nonessentialn resistance was introduced into clones carry
in B. subtilis(Inghamet al.,1999). The product ing the original pHR321 insertion and the trans-
of divlB, an homolog ofE. coli FtsQ, is in- ductants screened for the loss of the pSA318
volved in the initiation of cell division. Al- tetracycline-resistance marker (Fig. 2B). The
thoughdiviB is not essential irB. subtilisat resulting tetracycline-sensitive clones were ex
temperatures under 30°C (Beall and Lutkenamined for either abortive allelic exchange (re-
horn, 1989), it is essential for the normal rate ofjeneration of the wild-type locus) or successfu
growth and cell division at all temperaturesallelic exchange (introduction of the 201-bp de-
(Rowland et al., 1997). dbpA and dbpB are letion) (Bloomfieldet al., 1991) (Fig. 2C) by
postulated to encode RNA helicases of thdiagnostic PCR and Southern hybridization. A
DEAD protein family. Some of these enzymeslone containing the specific deletion was iso-
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FIG. 2. Generation of an unmarked deletion in ttesDE response-regulator pair. (A) Initial integration of

pHR321 into the locus via homology block 1. Not shown is integration at homology block 2. Both events were
possible and generated identical results. The deleted targeting cassette also contained an in-frame terminatio

codon (TAA). (B) Structure of the plasmid cointegrant. Upon activation of the pBti8ily the introduction of
pSA7592, excision of pSA3182 could occur via homology blocks 1 (pattayay homology block 2 (pathway
b). Pathwaya would regenerate the wild-type locus and yield an abortive mutation event. Pathmayid yield

a successful deletion event. (C) Loss of pSA7592 due to segregational instability to produce an unmarked

plasmid-free deletion mutant.
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lated in this way. Subsequently, plasmid Staphylococcus aureydasmids pT181 and pC22Mol.
PSA7592 was lost from this strain by growth in C(;e”- Geneéﬂ(?l’ ;;351)‘457- 4 oT181 reslication i d

. . - .. lordanescu, S. . Plasmid p replication is de:
nonsele_cnve medu_im. The resulting antibiotic creased at high levels of RepC per plasmid cdigl.
susceptible, plasmid-free clone could be testedyicrobiol. 16, 477—484.
for the effect of the specific deletion on growthkhan, S. A., and Novick, R. P. (1983). Complete nucleotide
and virulence. sequence of pT181, a tetracycline-resistance plasmi

The results reported show that the system de_from Staphylococcus aureus. Plasniil, 251-259.

- - - ._Kreiswirth, B., Lofdahl, S., Betley, M., O'Reilly, M., Schlie-
VelOped 1S eﬁl(_:lent_ F’Oth as a rapld_ Screenm,g vert, P., Bergdoll, M., and Novick, R. P. (1983). The toxic
method for the identification of essential 9ENES IN shock syndrome exotoxin structural gene is not detectabl
S. aureusand as a way to generate specific, po- transmitted by a prophaghlature 305, 709—712.

larity-neutral deletions in genes that are not esseliunst, F..et al. (1997). The complete genome sequence of

tial but might be involved in pathogenicity. the gram-positive bacteriunBacillus subtilis. Nature
390,249-256.
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