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The mercuric chloride resistance transposon, TnSOJ, was introduced into
Bordetella pertussis by using the chimeric plasmid pUW942, which is unable to
replicate in this species. TnSOJ insertions which conferred a thiamine requirement
were the predominant insertion class. In many cases, the mercuric chloride-
resistant transconjugants were also resistant to the other plasmid markers, but
failure to detect plasmid DNA in these isolates indicated that integration of the
entire plasmid into the chromosome had occurred. One such insertion was further
characterized. Southern hybridization with a Tn501-specific probe indicated that
chromosomal DNA from one strain containing the integrated plasmid had two
copies of Tn501 and an intervening copy of the plasmid associated with the
chromosome. The presence of the plasmid was unstable, and derivatives which
had lost all of the plasmid markers except mercuric chloride resistance were
obtained. These strains had a single copy of TnSOI and had lost all of the rest of
the plasmid-specific sequences. Strains containing the plasmid in the integrated
state could act as genetic donors and mobilize chromosomal genes.

Bordetella pertussis is a fastidious microor-
ganism that causes whooping cough. The orga-
nism synthesizes several determinants of patho-
genicity including an extracellular adenylate
cyclase (26), fimbriae (21), dermonecrotic toxin
(3), and pertussis toxin (lymphocytosis-promot-
ing factor, islet-activating protein) (9), which is
believed to be responsible for the systemic ef-
fects accompanying B. pertussis infection. Al-
though some of these determinants of pathoge-
nicity have been characterized biochemically,
genetic analysis of B. pertussis has not received
much attention, perhaps because it is difficult to
cultivate in vitro and it tends to spontaneously
lose en bloc its determinants of pathogenicity
after in vitro passage (18). It would be useful, if
possible, to develop a reliable means of gene
transfer to understand better the genetic and
molecular basis of virulence in B. pertussis.

Sato et al. (20) have described a chimeric
plasmid pAS8Rep-1, which contains a ColEl
replicon and RP4 (P incompatibility group) con-
jugation genes. The advantage of this system is
that cells containing plasmid RP4 will mate with
a wide variety of bacterial species (5, 7), but
ColEl plasmids will replicate only in a limited
number of species (5). We recently showed that
B. pertussis does not support replication of
plasmid ColEl but can successfully mate with
strains containing plasmid RP4 (25).

In this study, we used plasmid pAS8Rep-1 and
a derivative, plasmid pUW942 containing trans-

poson TnSOl, to introduce transposons into B.
pertussis. One of these transposons, TnSOl, is
able to promote integration of the plasmid into
the B. pertussis chromosome and to create ge-
netic donors.

MATERIALS AND METHODS
Bacterial strains and cultivation conditions. Esche-

richia coli and B. pertussis strains and plasmids used
in this study are listed in Table 1. B. pertussis strains
were cultivated on Bordet-Gengou agar (Difco Labo-
ratories, Detroit, Mich.), Stainer-Scholte broth (11), or
Stainer-Scholte agarose plates (0.6% agarose). E. coli
strains were grown in L-broth or L-agar plates (4).

Conjugation experiments. Plate matings were per-
formed by the method of Bradley et al. (2) on media
suitable for B. pertussis. After mating, the cells were
harvested in Stainer-Scholte salts without supple-
ments and plated on selective media. Antibiotics used
for selection of B. pertussis were incorporated into
Bordet-Gengou (15) plates at the following concentra-
tions: kanamycin, 25 ALg/ml; trimethoprim lactate (a
gift from Lynn Elwell, Wellcome Research Labora-
tories, Research Triangle Park, N.C.), 25 Fig/ml; mer-
curic chloride, 200 ,ug/ml; ampicillin, 100 Rg/ml; strep-
tomycin, 400 ,g/ml; rifampin, 25 FIg/ml; and erythro-
mycin, 0.15 ,g/ml. The high level of mercuric chloride
was necessary for selection on Bordet-Gengou plates,
a medium supplemented with 15% sheep blood. Simi-
lar concentrations of mercuric chloride were neces-
sary to select for resistant E. coli on Bordet-Gengou
plates.

Construction of plasmid pUW942. A derivative of
plasmid pAS8Rep-1 containing the transposon TnSOJ
was obtained by mating pAS8Rep-1 into E. coli
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TABLE 1. Bacterial strains and plasmids
Strain or plasmid Genotype or phenotypea Source or reference

E. coli
AB2463 thr-J leu-6 thi-I lacYl gaIK2 ara-14 xyl-S mtl-l proA2 his4 20

argE3 rpsL31 tsx-33 sup-37 recA13
UW941 pro-22 metF63 gyrA zxx::Tn5Ol G. Dougan, Trinity
UW937 thr-l leu-6 thi-l lacY-1 supE44 tonA21 X- gyrA College

This laboratory
B. pertussis
Tohama I Phase l, Ery' C. Manclark, NIH (21)
Tohama III Phase III, Eryr C. Manclark
BP304 Strr Spontaneous mutation,

Tohama I
BP321 Strr Rifr Spontaneous mutation,

BP304
BP330-1, BP330-2, thi::TnS5O and pUW942 inserted in BP321 This study
and BP330-3

BP331-2 thi::TnSO, from BP3302 This study
BP333 trp-2 trp-2 from reference 11

Plasmids
pAS8Rep-1 RP4-ColE1, Tcs, rep(RP4)::Tn7 20
pUW942 pAS8Rep-1 zxx::TnS5O This study
R388 Tra+ Tp Su 6

a E. coli nomenclature according to Bachmann and Low (1). Erys, erythromycin sensitive; Eryr, erythromycin
resistant; Strr, streptomycin resistant; Rifr, rifampin resistant; Tp, trimethoprim resistant; Su, sulfonamide
resistant.

UW941, which contains Tn501 in the chromosome,
and selecting for kanamycin-resistant transconjugants.
Plasmid derivatives with TnS01 transposed onto
pAS8Rep-1 were obtained by mating the plasmid into
strain UW937 and selecting for kanamycin and mercu-
ric chloride resistance (25 ,ug/ml each) on minimal
plates containing threonine and leucine. One plasmid
containing TnSOI (designated pUW942) was chosen,
and the site of the TnSOI insertion was mapped by
restriction analysis.

Isolation of DNA. Plasmid DNA was isolated by the
method previously described (19) and was either used
as a crude preparation or purified by cesium chloride
density centrifugation. Large fragments of chromo-
somal DNA were prepared by the method of Hull et al.
(8).

Restriction digests and filter hybridization. Restric-
tion endonucleases were used under conditions recom-
mended by the supplier (Bethesda Research Labora-
tories, Gaithersburg, Md.). Electrophoresis of cleaved
DNA was performed in 0.7% agarose gels buffered
with either Tris-borate (14) or Tris-acetate (19). Trans-
fer of DNA to nitrocellulose and hybridization with
32P-labeled DNA probes was performed as previously
described (19).

Preparation of TnSO0-specific DNA probe. The 5.9-
kilobase EcoRI fragment specific to TnS01 was cut
from a Tris-acetate agarose gel, electroeluted, ethanol
precipitated, and nick translated by the method of
Maniatis et al. (12).

RESULTS
Generation of transposon insertions. We decid-

ed to use plasmid pAS8Rep-1, a chimeric plas-
mid containing a ColEl replication region and
incompatibility group P conjugation genes, to

introduce a ColEl replicon into B. pertussis.
The plasmid pAS8Rep-1 contains two transpo-
sons, Tn7 (trimethoprim resistance) and Tnl
(ampicillin resistance). This plasmid also con-
tains a gene encoding resistance to kanamycin,
but this marker does not transpose. By monitor-
ing the acquisition of kanamycin resistance, we
could determine whether the plasmid was main-
tained in the transconjugants. Plate matings
were performed, and we attempted to select for
kanamycin-, ampicillin- or trimethoprim-resis-
tant transconjugants. No kanamycin-resistant B.
pertussis transconjugants were obtained, indi-
cating that pAS8Rep-1, unlike plasmid RP4 (25),
cannot be maintained in B. pertussis. We were
unable to select for ampicillin-resistant trans-
conjugants because the E. coli donors produced
enough 1-lactamase to protect sensitive B. per-
tussis strains. Trimethoprim-resistant transcon-
jugants, however, were obtained at a frequency
of i0-9 per B. pertussis recipient. Two trimetho-
prim-resistant B. pertussis transconjugants from
a mating with E. coli were kanamycin- and
ampicillin-sensitive and did not contain plasmid
DNA, indicating that Tn7 had transposed into
the chromosome and the plasmid was lost.

Next, we used a derivative of pAS8Rep-1,
plasmid pUW942 (Fig. 1), to introduce the trans-
poson TnSOI, encoding mercuric ion resistance,
into B. pertussis. Mercuric ion-resistant trans-
conjugants were obtained at a frequency of 10-7
per B. pertussis recipient. One hundred mercu-
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FIG. 1. Restriction map of plasmid pUW942. The
numbers inside the circle are plasmid coordinates in
kilobases, starting from one of the EcoRI sites joining
RP4 with ColEl. Sequences of the transposons Tn7
and TnSOI are marked by the inside arcs. E marks an
EcoRI cleavage site; B, a BamHI site; and C, a ClaI
site. The coordinates from 0 to the EcoRI site at
approximately 67 kilobases are derived from RP4
(except Tn7); those for the rest of the plasmid (exclud-
ing TnSOI) are from ColEl.

ric ion-resistant insertion mutants were screened
for nutritional requirements by monitoring
growth in Stainer-Scholte broth, a completely
synthetic medium. The most frequent class of
TnSOI insertion mutants (65 of 100) required
thiamine. The rest of the mercuric ion-resistant
transconjugants were prototrophic (34 of 100),
except for 1 which had an uncharacterized nutri-
tional requirement.
Most mercuric ion-resistant transconjugants

that required thiamine for growth (50 of 65) were
also resistant to kanamycin, ampicillin, and tri-
methoprim, indicating that the plasmid genes
were not lost from these strains. However, all
except one of the prototrophic mercuric ion-
resistant transconjugants were sensitive to all of
the other resistance markers on plasmid
pUW942. DNA was prepared from three thia-
mine-requiring transconjugants, but no plasmid
DNA was detected in these isolates (Fig. 2).
Since plasmid DNA was isolated from a B.
pertussis strain containing the low-copy-number
plasmid R388 (Fig. 2E), we believe that these
transconjugants do not maintain plasmid
pUW942 as a replicating plasmid.
To test for the stability of the drug resistance

markers, strain BP330-2, which contained the
plasmid, was streaked for single colonies on

nonselective plates, and 20 individual colonies
were scored for their resistance patterns by
patching the colonies onto Bordet-Gengou
plates containing the appropriate antibiotic. Two
classes of resistance patterns were observed.
One class, comprising 25% of the isolates (5 of

20), was the same as the parent; that is, the
organisms contained all of the resistance mark-
ers of the plasmid. The other 75% (15 of 20) were
resistant only to mercuric ions. The fact that
mercuric ion resistance genes were stable but
the other resistance genes were not suggested
that TnSOJ could have promoted the integration
of the plasmid, probably as a replicon fusion
intermediate. DNA was isolated from the B.
pertussis strain containing all of the plasmid
markers (BP330-2) and from a derivative of
strain BP330-2 which is resistant only to mercu-
ry (BP331-2). Strain BP330-2 was grown on
trimethoprim to insure that the plasmid would
not be lost from the cells. DNA was digested
with ClaI, which does not cut within transposon
TnSOJ (Fig. 1). The DNA fragments were sepa-
rated by electrophoresis, transferred to nitrocel-
lulose, and hybridized with a 32P nick-translated
probe derived from the 5.9-kilobase EcoRI frag-
ment internal to TnSOl.
The pattern of the bands homologous to trans-

poson TnSOJ (Fig. 3) is consistent with a TnSOJ-
mediated replicon fusion model (23). E. coli
containing the plasmid had a single band which
comigrated with purified plasmid DNA. Strain
BP330-2 had two major restriction fragments
homologous to TnSOl, one larger and one small-
er than the TnSOI fragment from the plasmid
(Fig. 3C). The DNA from the strain which had
lost all of the plasmid markers except mercury

-~~~.k L

FIG. 2. Plasmid DNA in pUW942 transconjugants.
Crude plasmid preparations were separated by electro-
phoresis on a 0.7% agarose gel buffered with Tris-
borate. (A) E. coli UW937(pUW942); (B through D) B.
pertussis transconjugants BP330-1, BP330-2, and
BP330-3, respectively; (E) BP304(R388). Arrows indi-
cate the molecular masses of the plasmids in kilobases;
If denotes linear fragments of DNA generated by
random shear during the isolation procedure. The
material at the bottom of the gel is probably RNA.
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FIG. 3. Detection of transposon Tn5OJ-specific se-

quences. Chromosomal or plasmid DNA was digested
with Clal, separated by electrophoresis on a 0.75%

agarose slab gel buffered with Tris-acetate, transferred

to nitrocellulose, and hybridized with a 32P-abeled

probe specific to Tn5OJ. (A) Total (plasmid and chro-

mosomal) DNA from E. ccli UW937(pUW942); (B

through D) total DNA from B. pertussis BP321,

BP330-2, and BP331-2, respectively; (E) purified plas-
mid pUW942 from E. coli. The arrows on the left

indicate the mobility of lambda Hindlll size standards

run on the same gel: 23.72, 9.46, 6.67, 4.26, 2.25, and

kilobases, from top to bottom.

(BP331-2) had only one fragment homologous to

Tn5Ol (Fig. 3D), and this fragment did not

migrate with either of the fragments seen in

BP330-2, the strain from which it originated.
Similar results were obtained with SinaI and

BamHl restriction digests (data not shown). The

minor bands seen for strain BP330-2 and total

DNA from strain UW937(pUW942) probably

represent a subpopulation of cells in which sec-

ondary transposition events have occurred.

With other Tnoso plasmid-containing inser-

tions in the thiamine gene, other rearrangements
of plasmid bands were observed to have oc-

curred (data not shown), including deletions

removing ampicillin resistance. A simple cointe-

grate formation seemed to have occurred in the

case of strain BP330-2, but this was not the only

possible outcome from a Tn5Oe transposition at
this site.

Transfer of chromosomal markers. Previous

studies by Pemberton and Bowen (17) have

shown that TnSOl insertions on the autonomous-
ly replicating plasmid R388 can mobilize chro-
mosomal genes in Rhodopseudomonas sphaer-
oides, whereas matings with R388 alone are not
fertile. To determine whether a strain containing
the entire integrated plasmid could mobilize
chromosomal markers in B. pertussis matings,
strain BP330-2 was used as a donor in a mating
with Tohama III, a phase III B. pertussis strain
which is resistant to erythromycin. Streptomy-
cin- and erythromycin-resistant transconjugants
were obtained after a mating at 20 times the
spontaneous mutation frequency (Table 2). Ri-
fampin resistance, an unselected marker, was
cotransferred 7% of the time, indicating that
these markers are linked in B. pertussis as in
other gram-negative bacteria (1, 13, 24). In an-
other mating, the ability to synthesize the amino
acid tryptophan was transferred to a mutant
strain at a frequency some thousand times the
spontaneous reversion frequency, and all trans-
conjugants were thiamine independent. In both
mating experiments, the transconjugants did not
express any of the plasmid resistance markers,
indicating that the plasmid DNA was not trans-
ferred. We were unable to construct a linkage
map in B. pertussis because of the lack of other
chromosomal mutants.

DISCUSSION
The chimeric plasmids pAS8Rep-1 and

pUW942, which possess a ColE1 origin of repli-
cation, can be used to introduce transposons
into B. pertussis and do not seem to be main-

TABLE 2. Transfer of chromosomal markers in B.
pertussis

Strain
Selection Frequencya

Recipient Donor

Tohama III BP330-2 Streptomycin 1.2 x 10-7
resistanceb

None Streptomycin 5.9 x l0-9
resistance

BP333 BP330-2 Tryptophanc 1.1 x 10-5
None Tryptophan <5 x l0-9

Ratio of recombinant B. pertussis to recipient B.
pertussis.

b Strain BP330-2 was mated with Tohama III for 23
h to allow phenotypic expression of streptomycin
resistance (400 ,ug/ml). Erythromycin (0.15 ,ug/ml) was
used to counterselect the donor. Transconjugants
were scored for ability to grow without thiamine to
avoid counting spontaneous erythromycin-resistant
BP330-2 mutants.

I Strain BP330-2 was mated with BP333 on Bordet-
Gengou plates for 3 h and then was plated on Stainer-
Scholte plates supplemented with 0.15% bovine serum
albumin. There was insufficient tryptophan to support
BP333, and insufficient thiamine to support BP330-2.
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tained as extrachromosomal elements within
this species. We have been able to introduce
both transposon Tn7 and transposon Tn501 into
the B. pertussis chromosome. TnS01 has a pre-
ferred insertion site which confers a thiamine
requirement. TnS01 can also insert into at least
two other chromosomal sites.

In B. pertussis, our data show that transposon
Tn501 promotes the integration of plasmid
pUW942 into the chromosome during the trans-
position process. The B. pertussis isolates se-
lected for mercuric ion resistance appear to
contain the entire plasmid flanked by two copies
of TnS01 (Fig. 3). B. pertussis cells in which the
plasmid had been excised from the chromosome
had only a single copy of TnS01 at the insertion
site. This would account for the instability of all
of the markers except mercuric ion resistance.
The two copies of TnS01 in the cointegrate
support the hypothesis that integration of the
plasmid occurs by a transposon-promoted repli-
con fusion.
The integration of plasmid pUW942 into the

B. pertussis chromosome was mediated by the
transposon TnS01, and not by Tn7 or Tn3, since
plasmid cointegrates were not seen with plasmid
pAS8Rep-1, which is identical to plasmid
pUW942 except for the lack of TnS0. Others
have shown that the transposase function and
resolvase function of TnS01 are induced by
mercuric ions (10, 22), and they have observed a
3- to a 100-fold increase in transposition if mer-
curic chloride was added to the cells. It was
something of a surprise when our transconju-
gants, selected and purified on mercuric chlo-
ride, retained the other plasmid markers as well.
It has been shown that copy number does not
influence the level of mercuric ion resistance
(16), so it is unlikely that selection maintained
two copies of the plasmid in the cointegrate
state. It is interesting to note that 77% (50 of 65)
of the insertions in the thiamine gene, but only
3% (1 of 34) of the prototrophic insertions,
contained the integrated plasmid; this indicates
that there might be some effect specific to the
site of insertion within the thiamine gene that
prevents resolution of the plasmid cointegrate.

Conjugative plasmids which have been inte-
grated into the bacterial chromosome have been
one of the basic tools for promoting exchange of
chromosomal markers between bacterial strains.
We have now been able to achieve this result in
B. pertussis, a microorganism which has previ-
ously been without a means of chromosomal
transfer. Very few genetic loci have been de-
fined by mutation in B. pertussis (11), so our
ability to generate a linkage map, or even deter-
mine if transfer of markers occurs from a single
origin of transfer in a single direction, is limited.
Nevertheless, the development of the methods

described in this report provide us with both the
means to isolate genetic donors and to generate
site-specific insertion mutations by using bacte-
rial transposons. We hope to use these tech-
niques to further our studies on the genetic and
molecular organization of the determinants of
pathogenesis of B. pertussis.

ACKNOWLEDGMENTS
This work was supported by grant PCM-7808971 from the

National Science Foundation and by an unrestricted gift from
the Cetus Corporation. A.A.W. was supported by training
grant GM-07276 from the National Institute of General Medi-
cal Science.
We gratefully acknowledge helpful discussions with Pam

Claus, Steve Moseley, and especially Tom Kinscherf.

LITERATURE CITED
1. Bach_un, B. J., and K. B. Low. 1980. Linkage map of

Escherichia coli K-12, edition 6. Microbiol. Rev. 44:1-56.
2. Bradley, D. E., D. E. Taylor, and D. R. Cohen. 1980.

Specification of surface mating systems among conjuga-
tive drug resistance plasmids in Escherichia coli K-12. J.
Bacteriol. IA3:1466-1470.

3. Coweil, J. L., E. L. Hewltt, and C. R. Manclark. 1979.
Intracellular localization of the dermonecrotic toxin of
Bordetella pertussis. Infect. Immun. 25:896-901.

4. Dais, R. W., D. Botstein, and J. R. Roth. 1980. Advanced
bacterial genetics. Cold Spring Harbor Laboratory, Cold
Spring Harbor, N.Y.

5. Falkow, S. 1975. Infectious multiple drug resistance. Pion,
Ltd., London.

6. Gill, R., F. Heffron, G. Dougan, and S. Falkow. 1978.
Analysis of sequences transposed by complementation of
two classes of transposition-deficient mutants of Tn3. J.
Bacteriol. 136:742-756.

7. Hoioway, B. W. 1979. Plasmids that mobilize bacterial
chromosome. Plasmid 2:1-19.

8. HulB, R. A., R. E. Gill, P. Hsu, B. H. Mlnshew, and S.
Falkow. 1981. Construction and expression of recombi-
nant plasmids encoding type 1 or D-mannose-resistant pili
from a urinary tract infection Escherichia coli isolate.
Infect. Immun. 33:933-938.

9. Katada, T., and M. Ui. 1982. Direct modification of the
membrane adenylate cyclase system by islet-activating
protein due to ADP-ribosylation of a membrane protein.
Proc. NatI. Acad. Sci. U.S.A. 79:3129-3133.

10. Kitts, P., L. Symington, M. Burke, R. Reed, and D.
Sherratt. 1982. Transposon-specified site-specific recom-
bination. Proc. Natl. Acad. Sci. U.S.A. 79:46-50.

11. Kous, W. E., W. J. Daos, J. W. Ezzell, B. R. Kni-
bro, and C. R. Mandark. 1979. DNA-DNA hybridization,
plasmids, and genetic exchange in the genus Bordetella,
p. 70-80. In C. R. Manclark and J. C. Hill (ed.), Interna-
tional Symposium on Pertussis. U.S. Department of
Health, Education, and Welfare, Washington, D.C.

12. Mansatls, T., A. Jeffrey, and D. G. KIeld. 1975. Nucleo-
tide sequence of the rightward operator of phage lambda.
Proc. Natl. Acad. Sci. U.S.A. 72:1184-1188.

13. M no, J. J., R. D. Subett, and W. R. Romlg. 1979.
Genetic mapping of toxin regulatory mutations in Vibrio
cholerae. J. Bacteriol. 139:859-865.

14. Meyers, J. A., D. Sanchez, L. P. ElweUl, and S. Falkow.
1976. Simple agarose gel electrophoretic method for the
identification and characterization of plasmid deoxyribo-
nucleic acid. J. Bacteriol. 127:1529-1537.

15. MUnOZ, J., and R. Bergman. 1977. Bordetella pertussis:
immunological and other biological activities. Marcel
Dekker, Inc., New York.

16. Nakahara, H., T. G. Klncherf, S. Silver, T. Mild, A. M.
Easton, and R. H. Rownd. 1979. Gene copy number

J. BACTERIOL.



VOL. 153, 1983

effects in the mer operon of plasmid NR1. J. Bacteriol.
138:284-287.

17. Pemberton, J. M., and A. R. St. G. Bowen. 1981. High-
frequency chromosome transfer in Rhodopseudomonas
sphaeroides promoted by broad-host-range plasmid RP1
carrying mercury transposon TnSOI. J. Bacteriol.
147:110-117.

18. Peppler, M. S. 1982. Isolation and characterization of
isogenic pairs of domed hemolytic and flat nonhemolytic
colony types of Bordetella pertussis. Infect. Immun.
35:840-851.

19. Portnoy, D. A., S. L. Moseley, and S. Falkow. 1981.
Characterization of plasmids and plasmid-associated de-
terminants of Yersinia enterocolitica pathogenesis. Infect.
Immun. 31:775-782.

20. Sato, M., B. J. Staskawicz, N. J. Panopoulos, S. Peters,
and M. Honma. 1981. A host-dependent hybrid plasmid
suitable as a suicidal carrier for transposable elements.
Plasmid 6:325-331.

21. Sato, Y., K. Izumiya, M.-A. Oda, and H. Sato. 1979.
Biological significance of Bordetella pertussis fimbriae or
hemagglutinin: a possible role of the fimbriae or hemag-
glutinin for pathogenesis and antibacterial immunity, p.
51-57. In C. R. Manclark and J. C. Hill (ed.), Internation-
al Symposium on Pertussis. U.S. Department of Health,

TRANSPOSON TnSOJ IN B. PERTUSSIS 309

Education, and Welfare, Washington, D.C.
22. Schmitt, R., J. Altenbuchner, and J. Grinsted. 1981.

Complementation of transposition functions encoded by
transposons TnSOI (HgR) and Tnl721 (TetR), p. 359-370.
In S. B. Levy, R. C. Clowes, and E. L. Koenig (ed.),
Molecular biology, pathogenicity, and ecology of bacterial
plasmids. Plenum Publishing Corp., New York.

23. Shapiro, J. A. 1979. Molecular model for the transposition
and replication of bacteriophage Mu and other transpos-
able elements. Proc. Natl. Acad. Sci. U.S.A. 76:1933-
1937.

24. Sparling, P. F., T. E. Sox, W. Mohammed, and L. F.
Guymon. 1978. Antibiotic resistance in the gonococcus:
diverse mechanisms of coping with a hostile environment,
p. 44-52. In G. F. Brooks, E. C. Gotschlich, K. K.
Holmes, W. D. Sawyer, and F. E. Young (ed.), Immuno-
biology of Neisseria gonorrhoeae. American Society for
Microbiology, Washington, D.C.

25. Weiss, A. A., and S. Falkow. 1982. Plasmid transfer to
Bordetella pertussis: conjugation and transformation. J.
Bacteriol. 152:549-552.

26. Wolff, J., G. H. Cook, A. R. Goldhammer, and S. A.
Berkowitz. 1980. Calmodulin activates prokaryotic
adenylate cyclase. Proc. Natl. Acad. Sci. U.S.A. 77:3841-
3844.


