JOURNAL OF BACTERIOLOGY, May 1980, p. 701-713
0021-9193/80/05-0701/13$02.00/00

Vol. 142, No. 2

Transposon-Mediated Conjugational Transmission of
Nonconjugative Plasmids
NANCY J. CRISONA,} JAN A. NOWAK, HARUKO NAGAISHI, anp ALVIN J. CLARK*

Department of Molecular Biology, University of California, Berkeley, California 94720

When coresident with conjugative plasmid pNC21, the nonconjugative deletion
F-prime pJC59, which retains the F transfer origin oriT, was transmitted to
transconjugants at a frequency comparable to that of pNC21. In addition, pJC59
was transmitted as an independent plasmid, physically separate from pNC21, an
example of plasmid donation. In contrast, two plasmids that are derived from F
and deleted for the oriT site, pJC61 and pML31, were transmitted at frequencies
10* lower than that of pNC21. This low-frequency transmission was associated
with the appearance of a new plasmid in the transconjugants. In the case of
pML31, we determined that this new plasmid was a recombinant composed of
pNC21 and pML31, the latter flanked by two copies of transposable element Tn3.
We believe that this recombinant plasmid was formed as an intermediate in the
transposition of Tn3 from pNC21 to pML31 and was the vehicle for conjugational

transmission of pML31 genes by a process known as plasmid conduction.

Conjugational transmission of plasmids re-
quires cell surface interactions, called specific
contacts, between donor and recipient cells. In
addition, it requires three DNA metabolic proc-
esses: mobilization in the donor, repliconation in
the recipient, and transfer between the two cells.
By preparing plasmid DNA for transfer, mobi-
lization provides the transition between the veg-
etative processes of maintenance and the con-
jugational process of transfer. After transfer,
plasmid DNA undergoes repliconation, consist-
ing of recipient conjugal DNA synthesis and
circularization, in preparation for the vegetative
state.

Bacterial plasmids are classified as conjuga-
tive if they carry the genes required to establish
specific contacts between donor and recipient
cells. Such plasmids may also be transmissible
by conjugation when they carry the genes re-
quired to effect the mobilization, transfer, and
repliconation of their own DNA. These genes
can be distinguished as cis or trans acting (8).
The cis-acting genes, or more properly cis-acting
sites, include, for example, oriT on F (11) and
bom on ColE1l (40). These are thought to be
sequences at which the products of the other
genes act to promote transmission (8).

Nonconjugative plasmids may arise either as
mutant derivatives (e.g., FéraG and pML31) of
conjugative plasmids or as natural isolates (e.g.,
ColE1 and pSC101). Both classes can be tested
for transmissibility when they and a suitable
conjugative plasmid cohabit a cell. Many studies
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on the transmission of nonconjugative plasmids
in the presence of conjugative plasmids have
been carried out (for a review, see reference 8).
Kopecho and Cohen (27), for example, found
that a recA mutant strain carrying conjugative
plasmid pSC50 and tetracycline resistance-de-
termining nonconjugative plasmid pSC101
transmits tetracycline resistance at a very low
frequency relative to the transmission of the
antibiotic resistances determined by the genes
of pSC50. Furthermore, the rare Tc" transcon-
jugants all inherit a mutant form of pSC101
carrying the transposable element Tn3 derived
from conjugative plasmid pSC50. Crisona and
Clark (11) discovered that recA56 transconju-
gant progeny containing pSC101::Tn3 and
pNC21, a conjugative plasmid similar if not iden-
tical to pSC50, can be high-frequency donors of
tetracycline resistance. They hypothesized that
the Tn3 insertion element carries a cis-acting
site which increases the transmission frequency.
Subsequent work with pSC101 and its deriva-
tives (J. A. Nowak, N. J. Crisona, H. Nagaishi,
and A. J. Clark, in preparation) and other plas-
mids (this report) has shown this not to be the
case,

We have studied the transmission of three
nonconjugative derivatives of transmissible con-
jugative plasmid F. Two of the plasmids are
nonconjugative because they are deleted for all
of the genes required for specific contact for-
mation, which lie on restriction endonuclease
EcoRI fragments 6, 15, 1, 17, 19, and 2 of F (1,
36). In one of these plasmids, pJC61, the segment
of F between 52.7 kilobases (kb) and 16.3 kb on
the standard map of F has been replaced by a
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152-kb segment of the Escherichia coli chro-
mosome carrying argG (21, 22). In the second
plasmid, pML31, the very large segment of F
between the EcoRI sites at 49.3 and 40.3 kb has
been replaced by an EcoRI fragment carrying a
gene derived from Staphylococcus aureus which
determines kanamycin resistance (28). In the
third plasmid, pJC59, only some of the genes
involved in surface contact formation have been
deleted, and a bacterial segment carrying argG
has been substituted. In addition, pJC61 and
pMLS31 are deleted for a required cis-acting site,
oriT, located on EcoRI fragment 6 of F (42). Our
objective was to determine whether transmis-
sion of these plasmids could be promoted by
pNC21 and, if so, whether the presence of oriT
affects the nature of this transmission. We found
that transmission of pJC61 and pML31 genes
was always associated with the presence of coin-
tegrate plasmids in the transconjugants, indicat-
ing that transfer of these plasmids required re-
combination with the conjugative plasmid. The
nature of the cointegrates and their component
plasmids led us to suggest that the recombina-
tion required for the transmission of the non-
mobilizable plasmids’ genes occurred as a step
in one possible pathway of transposition of trans-
poson Tn3. Finally, we concluded that although
a cointegrate plasmid was a mobilizable mutant
form of the original nonconjugative plasmid, the
insertion of Tn3 alone into the nonconjugative
plasmid was not sufficient to make it mobiliza-
ble.
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MATERIALS AND METHODS

Bacterial strains. Except for strain constructions,
all crosses employed both donors and recipients which
carried recA56. To facilitate serial transmission of
plasmids, five recA56 strains which different nutri-
tional properties were employed. These are listed in
Table 1.

The experiments all used plasmid pNC21 as the
conjugative plasmid for the mobilization of nonconju-
gative plasmids. pNC21 was ultimately derived from
JC7127, which was sent to us by S. Cohen as an
unidentified strain carrying R1-19. This strain is, how-
ever, not kanamycin resistant as it should be if it
carried R1-19. This is consistent with the finding of
Kopecko and Cohen (27): that what had been called
R1-19 in several previous papers was actually a dele-
tion mutant, pSC50, which had lost the kan gene(s).
The EcoRI fragment pattern of plasmid DNA from
JC7127 after agarose gel electrophoresis, however,
showed some differences from the fragment pattern of
pSC50 (27). We were able to detect, in crosses of
JC7127, Cm" transconjugants which inherited plas-
mids with EcoRI fragment patterns identical to that
of pSC50. pNC21 is one such plasmid. We derived a
reliable source of pNC21 by first crossing JC7127 with
JC10117, a derivative of AB1157 carrying plasmid
PRS5 (36). A Cm" [Tet"] transconjugant which carried
both pNC21 and pRS5 (JC9463) was crossed with
recA56 strain JC7199. As all Cm" transconjugants
proved to carry pRS5 in addition to pNC21, one
(JC9469) was crossed with JC7607 (ethyl methane
sulfonate-induced recB* back-mutant of JC4695
[37]). One Cm" [Arg* Met*] transconjugant (JC10896)
was found to be Tet® and was crossed with recA56
strain JC7199. One Cm" [Leu* Trp*] transconjugant
(JC10897) was shown to have only one plasmid

TABLE 1. Genotype of five recA56 strains

Gene symbol®
Strain
a| arg | gal|his| ilv | lac |leu|mal|met |mtl| nal | pro|pyr| rec | rps | sup |thi|thr|ton|trp |tsx |xyl
JC2924® (14 |E3 | K2| 4| + |YI 6|A1| + |1 + | A2| + | A56 | L3I E37( 1|1 ]|+ |+ | 335
JCT33° |+ |G6 | + |+ | + |Ylor| 6| A1 | + |2 | + | +|B?|A56|L104 + | +|+|A2|+ |315|7
Z4
JC199* |+ |G6 | + | 1| + |—¢ +| A1 |C58| + | + | +| + [456|—* + |+|+]+ ]|+ | 5|+
JC7214 |+ |G6 | + | +| + |YIor| +| Al | + | 2 |A301| + | + |A56 |E310, | + |+ |+ |A2| + |315|7
Z4 L104
JC7532¢ | 9|+ |K2| 4 |D145|Ylor | +| + |E46] 1 + | A2| + |A56 |L8or |E44|1|+| 1|3 | 3|+
) Z4 L9 )
? Gene symbols are those shown on the standard map of E. coli (3). Phenotype abbreviations employed for auxotrophic

characters below are as follows: Arg, arginine; Thr, threonine; Leu, leucine; TL, threonine and leucine; Pro, proline; His,
histidine; Met, methionine; IV, isoleucine and valine; Trp, tryptophan; Pyr, pyrimidine; —, unable to synthesize or utilize; +,

able to synthesize or utilize.
® Reference 38.
° Reference 21.
4 Allele number unknown.

¢ Constructed by M. Guyer as follows. AT2699 (14) was exposed to nalidixic acid, and a spontaneous resistant mutant JC7059
was selected. JC7059 was then crossed with recA56 donor JC5088 (2), and Thy* [IV*] transconjugants were selected. One of

these (JC7199) had also become nalidixic acid sensitive.

fJC7214 is an eight-step derivative of JC411 (chart 9 of reference 2) constructed by M. Guyer as follows: (i) JC7029, a

spontaneous Su~ mutant of JC411; (i) JC7120, a Met* [Sm'] transconjugant from the cross of Hfr strain CYA289 (4) with
JC7029, inheriting Ura* of CYA289; (iii) JC7125, a His* [Sm" IV*] transconjugant from the cross of JC5088 (Hfr) with JC7029,
inheriting recA56 of JC5088; (iv) JC7133, a spontaneous T6" mutant (tsx-315) of JC7125; (v) JC7202, a spontaneous Leu*
revertant of JC7133; (vi) JC7207, a spontaneous Ura* revertant of JC7202; (vii) JC7210, a nitrosoguanidine-induced Spc” mutant
(rpsE310) of JC7207; (viii) JC7214, a spontaneous Nal’ mutant (nalAd301) of JC7210.

£ Constructed by L. Margossian as follows. AB2277 (13) was exposed to trimethoprim, and a spontaneous thymine-requiring
mutant (JC7896) was selected. JC7896 was crossed with recA56 donor JC5088 (2), and Thy* [Thr* Sm"] transconjugants were
selected; a Rec™ UV?® transconjugant was called JC7532.
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(pNC21) and is now our standard source of this plas-
mid.

The non-conjugative-plasmid-carrying strains to-
gether with their pNC21 derivatives are listed in Table
2. One of these, JC10898, was the donor from which
several transconjugant progeny characterized in Re-
sults were derived. DNA from some of these transcon-
jugants was used to transform the recipient, JC7199.
A summary of the plasmids in these strains is in Table
3.

The following abbreviations for antibiotics are used
in conformity with the recommendations of Novick et
al. (33): Ap, ampicillin; Cm, chloramphenicol; Km,
kanamycin; Sm, streptomycin; Tc, tetracycline. Su-
perscripts “r” and “s” used with these abbreviations
stand for “resistant” and “sensitive,” respectively.

Bacterial matings in liquid medium. Donor and
recipient cultures were grown in Luria broth with
aeration (43), plus antibiotics if appropriate, to a con-
centration of 1 X 10° to 2 X 10 cells per ml (a reading
of 50 with a 660-nm red filter in a Klett-Summerson
colorimeter). Cells grown in the presence of antibiotics
were harvested, washed once with L broth, and resus-
pended in L. Donors and recipients were mixed in a 1:
10 ratio and mated for 1 h at 37°C without aeration.
The matings were terminated by mixing the mating
mixtures at high speed in a Vortex mixer for 1 min.
This mating mix was subsequently centrifuged, and
the cells were suspended in 56/2 buffer (41) before
dilution and plating on selective media.

Antibiotics were used at the following concentra-
tions: kanamycin (kanamycin sulfate, Sigma Chemical
Co.), 25 pg/ml; chloramphenicol (Sigma), 25 pg/ml;
ampicillin (Alpen-N sodium ampicillin, Lederle Labo-
ratories), 50 pug/ml; tetracycline (45-ug/ml Achromy-
cin, tetracycline hydrochloride, Lederle), 15 pg/ml.

Acridine orange curing. Standing, overnight cul-
tures in Luria broth, plus antibiotics if appropriate,
were diluted 10’-fold into 3-ml samples consisting of
pH 7.8 L broth and pH 7.8 L broth containing 10 or 25
ug of acridine orange per ml. The tubes were covered
with foil to exclude light and were incubated at 37°C
overnight with shaking.

Cells from the L broth sample and from the highest-
concentration acridine orange sample at which there
was growth were streaked onto L plates. To test for
the loss of plasmids carrying antibiotic resistance,
single colonies were transferred onto L plates and
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replicated onto L plates containing the appropriate
antibiotic. For F’ strains, colonies were patched onto
minimal medium plates and tested for the inheritance
of the phenotype determined by the F’ plasmid.

Preparation of plasmid DNA. Plasmid DNA was
prepared either by the method of Meyers et al. (32) as
described or by a modification of the Clewell and
Helinski (9) method obtained from V. Hershfield and
described below.

Cultures were grown in L broth, plus antibiotics if
appropriate, at 37°C with shaking to a Klett reading
of 100 (~5 X 10°) cells per ml. The cells were harvested
and washed once with TES (50 mM Tris [pH 8.0], 5
mM EDTA, 50 mM NaCl). Cells from a 250-ml culture
were suspended in 3 ml of 25% sucrose in 50 mM Tris
(pH 8.0) in preparation for lysis. A 0.6-ml portion of a
10-mg/ml solution of lysozyme in 0.25 M Tris (pH 8.0)
was added, and the cells were incubated on ice for 10
min, after which 1.2 ml of 0.25 M EDTA (pH 8.0) was
added and the cells were incubated on ice for another
10 min. The cells were lysed by the addition of 4.8 ml
of lytic mix (0.0625 M EDTA, 0.05 M Tris [pH 8.0],
and Triton X-100 in a final concentration of 1%). A
cleared lysate was prepared by centrifugation at 39,100
X g and 4°C for 30 min in a Sorvall RC2-B centrifuge
without braking. Each 3 ml of the cleared lysate was
brought to 3.8 ml with TES, and 3.65 g of CsCl was

TABLE 3. Summary of plasmids present in
transconjugants derived from JC10898 and
transformants derived from the transconjugants

Plasmid
. .. Cointe-
Strain pML31: m grate
Tn3 tive

JC11625° pNC12 pNC21 pNC14
JC11626° pNC13 pNC21 pNC15
JC11130° pJC628 pNC21 pJC630
JC11131° pJC629 pNC21 pJC631
JC11128° pNC12 pNC21 ND°
JC11129° pNC12 pNC21 pNC14

2 Km' [Pro* TL*] transconjugant derived by cross-
ing JC10898 with JC7199.

® Km' Ap" transformant of JC7199, using DNA iso-
lated from JC11626.

¢ND, Not detectable.

TABLE 2. Strains carrying nonconjugative plasmids alone or together with conjugative plasmid pNC21

. . Strain carrying
Nonconjugative s;ﬂnjm Reference nonconjugative  Genetic back- Reference
plasmid lasmid alone plasmid and ground
P pNC21
None JC10897 JC7199 This paper®
pJC59 JC7247 21 JC11616 JC7133 This paper®
pJC61 JC7249 21 JC10862 JC7133 This paper®
pML31 JC10471 This paper? JC10898 JC2924 This paper®
¢ See text.

5 A Cm' [Arg* His* Met*] transconjugant from a cross of JC10897 and JC7247.
°A Cm' [Arg* His* Met*] transconjugant from a cross of JC9469 and JC7249.
4 A Km' transformant of JC2924, using pML31 DNA purified from an unnamed pML31 derivative of CR34

received from D. Helinski.

¢ A Cm' [Km" Met*] transconjugant from a cross of JC10897 and JC10471.
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added for each 3.8 ml. Ethidium bromide was then
added to a final concentration of 500 ug/ml by using
a 10-mg/ml solution of ethidium bromide in TES (pH
7.5). The final density of the samples was 1.55 g/cm®.
The gradients were centrifuged in a Beckman type 50
rotor for at least 30 h at 36,000 rpm and 15°C without
braking. Plasmid DNA was collected with a syringe
and 20-gauge needle through the side of the tube. The
ethidium bromide was removed by extracting the
DNA three or four times with equal volumes of cold
n-butanol. The DNA was then dialyzed overnight at
4°C in 20 mM Tris (pH 7.5)-0.1 mM EDTA and stored
at 4°C.

Transformation. The transformation procedure
was that of V. Hershfield and is a modification of that
described by Cohen et al. (10).

The strain to be transformed was grown to Klett 50
(1 X 10® to 2 X 10° cells per ml) in 20 ml of L broth,
plus antibiotics if appropriate. The culture was chilled
on ice before harvesting of the cells by centrifugation.
The cells were then washed once with 10 mM NaCl,
suspended in 10 ml of 30 mM CaCl; (pH 7.2 to 7.4),
and incubated on ice for 20 min. Finally, the cells were
centrifuged and suspended in 1 ml of 100 mM CaCl.
(pH 7.2 to 7.4).

Samples consisted of 200 ul of cells in 100 mM CaCl,
and 100 pl of DNA in TEN buffer (20 mM Tris [pH
8.0], 1 mM EDTA, 20 mM NaCl). Controls consisted
of 200 ul of cells and 100 ul of TEN with no DNA. The
samples were incubated on ice for 60 min and then
heated in a 42°C water bath for 2 min. Warm (37°C)
L broth (2.7 ml) was added to each sample, and the
tubes were incubated for 1.5 to 2 h at 37°C with
shaking to allow expression. Antibiotic-resistant trans-
formants were selected by plating on L plates contain-
ing the appropriate antibiotic(s).

Agarose gel electrophoresis. Electrophoresis
was carried out on slab gels (10 by 13.5 by 0.6 cm) of
0.7% agarose in Tris-borate buffer (10.8 g of Tris base,
0.93 g of disodium EDTA, and 5.5 g of boric acid per
liter of water; pH 8.0 to 8.3) as described by Hersch-
field et al. (25). Electrophoresis was performed at 100
to 120 V (50 to 65 mA) for about 4 h, in which time
the bromophenol blue tracking dye used migrated to
the bottom of the gel.

Resolution of the cointegrate plasmid bands was
determined to be greatest when the total time for
electrophoresis was relatively short (3 to 4 h). At-
tempts to improve resolution by substantially increas-
ing the time for electrophoresis obscured the distinc-
tion between the cointegrate and the large plasmid,
pNC21.

EcoRI digestion. Digestion of DNA by endo R-
EcoRI was carried out as described by Hershfield et
al. (25). Conditions for the digestion of DNA by the
other restriction endonucleases used were as described
by Graham et al. (18).

Electron microscopy. Purified pNC12 plasmid
DNA was denatured with 0.1 M NaOH and neutralized
with Tris-hydrochloride by the methods of Davis et
al. (12). Renaturation, in the presence of 50% form-
amide, was allowed to proceed for only a few minutes
at room temperature so that only intramolecular rean-
nealing might occur. The renatured-DNA solution,
containing approximately 1 ug of DNA per ml, was
made 0.1 mg/ml in cytochrome ¢ and spread onto a
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hypophase of 0.01 M Tris (pH 8.5) plus 40% formam-
ide. Samples of the monolayer were picked up onto
collodion-coated, 400-mesh, copper, electron micro-
scope grids, stained with 0.004% aqueous uranyl ace-
tate, and rotary shadowed with tungsten (44). Obser-
vations were made with a Siemens Elmiskop I electron
microscope at a nominal magnification of %20,000.

RESULTS

Transmission of deletion mutant F-prime
plasmids. Guyer and Clark (21) isolated two
types of nonconjugative deletion FargG"* plas-
mids. The first type carried a deletion of some
of the tra genes and was transmissible at high
frequency in the presence of a tra* Flac* plas-
mid. One such plasmid is pJC59 which lacks
traD, traS, traH, and traF activities; tral activ-
ity was not tested (Fig. 1). The second type of
deletion had lost all detectable tra gene activity,
and its argG* gene was transmissible only at
very low frequency in the presence of a tra*
Flac* plasmid. A representative of this type is
pJC61, a 188-kb plasmid which carries a deletion
of 61% of F extending clockwise on the standard
map of F from 52.2 to 16.3 kb (22) and a substi-
tution of 152 kb of bacterial DNA which includes
argG* (Fig. 1). The first class was hypothesized
to have retained the origin of conjugational
transfer, oriT, and the second was hypothesized
to have lost it (21). Since oriT is by definition a
sequence required for mobilization, transfer, and
possibly repliconation, the first class is expected
to be transmissible whereas the second class is
not.

pJCS59

Fic. 1. Sequences of F deleted in FargG* plasmids
PJC59 and pJC61. Map of F showing the kilobase
coordinates from 0 to 94.5 and a partial genetic map.
The inner and outer heavy lines span the sequences
deleted in pJC61 and pJC59, respectively (21). The
exact endpoints of the deletion in pJC59 have not
been determined. IS, Insertion sequence; tra, trans-
fer; oriV, origin of vegetative replication; oriT, origin
of conjugational transfer.
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The Guyer and Clark (21) experiments de-
termining the transmissibility of pJC59 and
pJC61 were performed with recA56 transient
heterozygotes to prevent high-frequency recom-
bination of the homologous conjugative Flac
and nonconjugative Farg plasmids and to cir-
cumvent the problem of incompatibility. In the
experiments described here, we used as the con-
jugative plasmid pNC21, a deletion derivative of
R1-19 which determines resistance to chloram-
phenicol and which is compatible with F. This
allowed us to measure the transmission of the
FargG* plasmids from stable strains carrying
both the conjugative and nonconjugative plas-
mids. Like Flac*, pNC21 was able to promote
high-frequency transmission of pJC59 but not of
pJC61 in a recA56 genetic background (Table
4).

We next investigated the nature of the plas-
mids inherited by Arg* Cm" transconjugants de-
rived from the pJC59/pNC21 and pJC61/pNC21

TABLE 4. Frequencies of pNC21-promoted
transmission of pJC59 and pJC61 to recipient
JC7214

Progeny/100 donors

Arg*
progeny/
Cm" prog-

eny

Plasmid in donor
strain

Donor

strai Cm

[Leu*
Ura*]

Arg* [Leu®
Ura*]

<5 X% 107°
63

<6 x 107°
9x107™* 3

JC7247
JC11616
JC7249
JC10862

pJC59
pJC59 pNC21
pJCel
pJC61 pNC21

180 4% 107!

3x10™*

(a) pJC59

pJC59, pNC21 donor
pJC59 standard
pNC21 standard

JC11637
JC11638

o
0
©
o
54

I"'H“HH

JC11640

Origin

—pJC59
g —PpNC21

—pVH51
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donors (JC11616 and JC10862, respectively). We
first made use of the differential sensitivity of
the F and R1 replication-segregation systems to
inhibition by acridine orange (41) to test the
independence of the F argG* gene and the
pNC21 cat* gene in the donor and progeny
strains. Growth of the pJC59/pNC21 and
pJC61/pNC21 donor strains in the presence of
acridine orange led to loss of the argG* F-prime
plasmid from 98% or more of the cells and loss
of the pNC21 cat* gene from less than 2% of the
cells. Two progeny (JC11637 and JC11638) de-
rived from the pJC59/pNC21 donor showed the
same response to acridine orange, indicating that
the argG* and cat* genes had most likely been
inherited on separate plasmids. The results with
the progeny (JC11641 and JC11642) of the
pJC61/pNC21 donor were different in that
argG"* was quite resistant to acridine treatment,
with loss of the Arg* phenotype from less than
2% of the cells. This would have been expected
if pJC61 had integrated into pNC21 and the
argG"* and cat* genes had been transferred as
part of a single acridine orange-resistant plasmid
cointegrate.

The presence of such a cointegrate plasmid
was confirmed in four of the progeny of the
pJC61/pNC21 donor (JC10862) by examining
plasmid DNA by agarose gel electrophoresis.
The results for two of the progeny are shown in
Fig. 2b. The first progeny strain (JC11641)
showed two plasmid bands, one with the electro-
phoretic mobility of pNC21 and one with lower
mobility (i.e., higher molecular weight) than

(b) pJC6l

] pNC21 standard
1 pucet, pNC21 donor

j§ Jcriea
|| screa2

_Cointegrate
~-pJC6l
“-pNC21

Chromosomal
DNA fragments

E (
g
E |

— pVHS51

F16. 2. Agarose gel patterns of plasmid DNA from strains involved in transmission of pJC59 and pJC61.
Plasmid DNA was prepared by the method of Meyers et al. (32) and analyzed by electrophoresis on 0.7%
agarose slab gels. EcoRI-treated pVH51 DNA (a 3.3-kb plasmid with one EcoRI site [24]) was added to each
sample as an Ry standard. (a) DNA from a donor carrying pJC59 and pNC21 and from four transconjugants
inheriting argG* and chloramphenicol resistance. (b) DNA from a donor carrying pJC61 and pNC21 and
from two transconjugants inheriting argG* and chloramphenicol resistance.
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pJC61. The second progeny (JC11642) showed
plasmid bands with the same mobility as those
of the first progeny and, in addition, showed one
with the mobility of pJC61. DNA from the other
two progeny also contained three bands with
mobilities identical to those of the second prog-
eny strain bands (data not shown). By contrast
all four progeny from the pJC59 X pNC21 cross
(JC11637 x JC11640) contained only two DNA
bands corresponding to the original two plas-
mids (Fig. 2a); a band with mobility lower than
that of the pJC59 band was not seen.

These results lead to the conclusion that high-
frequency argG* transmission from a pJC59/
pNC21 donor was correlated with the inherit-
ance of the original FargG* plasmid (pJC59)
independent of the inheritance of pNC21. This
would be expected if nonconjugative FargG*
plasmid pJC59 carried an oriT site which ren-
dered it capable of being mobilized as an entity
separate from the conjugative plasmid pNC21.
Very-low-frequency argG* transmission from
the pJC61/pNC21 donor, by contrast, seemed to
be correlated with the inheritance of a new
plasmid whose replication was insensitive to ac-
ridine orange treatment, as was that of pNC21.
Therefore, transmission of this oriT mutant ap-
peared to occur by a different mechanism and
not simply by low-efficiency transfer initiating
at a secondary oriT site. We thought that the
new plasmid was likely to be a cointegrate of
pJC61 and pNC21, but since it was difficult to
estimate the size of such a large plasmid and to
investigate its structure, we changed the focus
of our studies to the transmission of pML31.
This is a smaller plasmid which was constructed
in vitro from the replicative EcoRI fragment 5
(f5) of F and a DNA fragment determining re-
sistance to the antibiotic kanamycin (28). It re-
sembles pJC61 in that it carries EcoRI fragment
5 of F and lacks fragment 6. Because pML31
lacks all of the.tra genes, it is nonconjugative.
Because it lacks fragment 6 containing oriT, we
suspected that it would be nontransmissible.
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Transmission of pML31: Nature of prog-
eny plasmids. The transmission frequency of
the kan* gene of pML31 from a donor carrying
pML31 and pNC21 (JC10898) was measured.
The results of two separate experiments are
shown in Table 5. The transmission of kan* was
approximately the same as that of the arg* gene
of pJC61 relative to the transmission of the cat*
gene of pNC21 (Table 4). To determine whether
kan* was capable of independent inheritance,
like the arg* gene of pJC59, or whether its
inheritance was dependent on formation of a
recombinant plasmid with pNC21, as with
pJC61, we prepared plasmid DNA, by the Mey-
ers method, from the pML31/pNC21 donor
strain (JC10898) and from four of the Km" trans-
conjugants derived from it in experiment 1.
Agarose gel analysis of the DNA from the orig-
inal donor showed bands corresponding to those
of pML31 and pNC21 (Fig. 3). The transconju-
gants, however, each contained three plasmid
bands: one which appeared to be pNC21, one
which was larger than pNC21, and one which
was larger than pML31 but smaller than pNC21.
Plasmid DNA from two such transconjugants,
JC11625 and JC11626, is shown in Fig. 3. Plas-
mid DNA analyses of four transconjugants from
experiment 2, including JC11130 and JC11131,
showed that all four similarly had three bands.

To characterize the new small plasmid, DNA
was prepared from JC11625 and JC11626 by the
method of Clewell and Helinski (9). This plasmid
DNA, purified by cesium chloride-ethidium bro-
mide density equilibrium centrifugation, was
used to transform recA56 strain JC7199 to kan-
amycin resistance. To make certain that pNC21,
or a derivative, was not being inherited by
congression (i.e., by uptake of two independent
DNA molecules), the Km' transformants were
tested for sensitivity to chloramphenicol and
ampicillin. None of 50 Km" transformants de-
rived from JC11625 DNA was Cm’, and only 4
of the 50 derived from JC11626 were Cm". By
contrast, all of the Km' transformants had in-

TABLE 5. Relative transmission frequencies of kan* and cat™ by a pML31/pNC21 strain and its

transconjugant progeny

» Km" [x4 y#]a Cm' [x+ ywla Km' progeny/

Comment Donor Recipient progel:l);/éoo do- proger:l);/rloo do- Cm" progeny
Expt 1 JC10898 JC7199 5x107° 25 2x107*
JC11625 JC7532 14 19 7x 107!
JC11626 JC7532 7 9 8 x 107!
Expt 2 JC10898 JC7199 1x107° 42 3x10™*
JC11130 JC7532 9x 107" 1 8x 107"
JC11131 JC7532 1 1 9x 107!
Transformant JC11128 JC7532 2x107* 2 1x10™*
Transformant JC11129 JC7532 3x 107" 6x 107! 5x 107"

2x* y* is Pro* TL* for matings with JC7199 as the recipient and Arg* for matings with JC7532 as the

recipient.
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Fi16. 3. Plasmids from Km' progeny derived from
apML31/pNC21 donor. Conditions were as described
in the legend to Fig. 1.

herited ampicillin resistance. Since ampicillin
resistance was originally carried by a region of
pNC21 which has been identified as insertion
element Tn3, we suspected that transposition of
Tn3 had occurred to form a pML31::Tn3 mutant
plasmid (11, 26, 27).

To confirm this, plasmid DNA was isolated
from one of the Km' Cm® Ap’ transformants
constructed by using DNA from JC11625 and
was analyzed by agarose gel electrophoresis. Fig-
ure 4 shows the untreated and EcoRlI-treated
samples of this plasmid, designated pNC12, com-
pared with untreated and EcoRI-treated pML31
DNA. The EcoRlI-treated sample of the DNA
from the transformant showed two bands, one
with the same mobility as that of the kan frag-
ment of pML31 and one with a mobility lower
than that of f5. We estimated the size of this
fragment to be 13.2 kb based on its mobility
relative to those of the EcoRI bands of R1-19.
This size correlated well with that expected for
a DNA fragment composed of f5 (9.0 kb) and
Tn3 (4.8 kb). The addition of no new EcoRI
cleavage sites to the mutant plasmid is consist-
ent with this structure, since no EcoRI sites are
contained in Tn3 (26). Furthermore, the inserted
DNA introduced one additional BamHI site and
three additional PstI sites into pML31, which is
a characteristic of Tn3 (Fig. 5). Finally, electron
microscope observation of the new plasmid
showed the stem-loop structure typical of Tn3
(Fig. 6). An analogous analysis of the mutant
plasmid designated pNC13 in transconjugant
JC11626 indicated that it too was due to Tn3
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transposition from pNC21 to f5 of F in pML31.
The precise sites of Tn3 insertions in pNC12
and pNC13 were determined by digesting the
two plasmid DNAs with restriction endonucle-
ases BamHI, HindIIl, and Pstl. Endonuclease
BamHI cleaved pML31 at two sites to produce
two fragments, one of 13.9 kb and another of 2.4
kb (29). A comparison of the fragments produced
by BamHI digestion of pML31, pNC12, and
pNC13 (Fig. 5) demonstrated that the Tn3 in-
sertion occurred in the 2.4-kb fragment, produc-
ing pNC12, and in the 13.9-kb fragment, produc-
ing pNC13. Since Tn3 itself contains a single
BamHI site, its insertion results in the produc-
tion of two new fragments whose sizes can be
used to determine the position of the inserted
BamHI site. The BamHI digest of pNC12
showed two new fragments of 1.5 and 5.7 kb in
length. Since the BamHI site in Tn3 has been
mapped at a position 1.4 kb from one end of Tn3
(23), we inferred that the Tn3 insertion in pNC12
occurred within the 2.4-kb BamHI fragment of
pML31, at a site 0.1 kb from one end. Digestion
of pNC12 DNA with HindIIl, which cleaves
pML31 into two unequal-sized fragments (29),
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Fic. 4. EcoRI analysis of pNCI12 from JC11625.
PML31 DNA was prepared from CR34(pML31) by the
method of Clewell and Helinski (9). pNC12 DNA was
prepared, by the method of Meyers et al. (32), from
JC13403, a Km" transformant made by using total
plasmid DNA prepared by the Meyers method from
JC11625, and dialyzed against 20 mM Tris (pH 7.5)-
0.1 mM EDTA before EcoRI treatment. Untreated
and EcoRlI-treated pML31 and pNC12 DNAs were
analyzed on an 0.7% agarose slab gel. EcoRI-treated
pVH51 DNA was added to each sample as an Ry
standard.
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F1G6. 5. Restriction enzyme analysis of plasmids
PNCI12 and pNC13. Plasmids pML31, pNC12, and
PNC13, purified by the method of Meyers et al. (32),
were digested by the restriction endonucleases indi-
cated and analyzed by electrophoresis on a 0.7%
agarose slab gel.

rified pNC12 DNA was denatured, rapidly renatured
to permit intrastrand reannealing, and prepared for
electron microscopy as described in the text. (@) Stem-
loop structure due to Tn3; (b) stem-loop structure due
to the fragment of pML31 which carries the gene for
kanamycin resistance (35). Bar, 0.25 um.
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showed that the Tn3 insertion was in the larger
HindIlII fragment of pML31. We concluded that
the Tn3 insertion into pML31 that formed
pNC12 occurred at the 43.1-kb coordinate of
EcoRI fragment 5 (as measured on the standard
map of F) and has the orientation shown in Fig.
7.

The sizes of the two new BamHI fragments
resulting from pNC13 digestion indicated that
the Tn3 insertion occurred at either the 46.0- or
the 48.0-kb coordinate, depending on the ori-
entation of Tn3. To distinguish which of these
two possible sites was correct, we digested
pNC13 with restriction endonuclease PstI. This
enzyme cleaved pML31 into four fragments,
three of which could be easily seen on agarose
gels (Fig. 5) (15). The smallest visible fragment
was defined by coordinates 45.7 and 47.2, and
included one of the possible Tn3 insertion sites.
Since that fragment was also produced by PstI
digestion of pNC13, we concluded that the Tn3
insertion in pML31 that resulted in pNC13 oc-
curred at the 48.0-kb coordinate of the f5 frag-
ment and had the orientation shown in Fig. 7.

We next investigated the nature of the plas-
mids larger than pNC21 by restriction endonu-
clease digestion of plasmid DNA prepared by
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F1G. 7. Restriction map of pNCI2 and pNC13, in-
dicating the Tn3 insertion sites in pML31.



VoL. 142, 1980

the method of Meyers et al. (32) from transcon-
jugants JC11625 and JC11626. DNA from these
two strains contained a mixture of three plas-
mids (pNC21, pNC12, or pNC13) and a plasmid
larger than pNC21. Therefore, the bands derived
from restriction endonuclease digestion of the
new large plasmid would be superimposed on
the bands derived from pNC21 and pNC12 or
pNC13. The agarose gel analyses of these DNA
preparations treated with restriction endonucle-
ases EcoRl, BamHI, and HindIII are shown in
Fig. 8.

The EcoRI digest of plasmid DNA from
JC11625 showed one new band of about 10.2 kb
which could not be attributed to either pNC21
or pNC12. The digest also showed an increased
intensity of EcoRI fragment 3 of pNC21 and a
decreased intensity of fragment 4. The BamHI
digest of JC11625 plasmid DNA showed no
bands other than those expected from pNC21
and pNC12. The HindIIl digest of that same
DNA preparation, however, showed two new
bands whose sizes we judged to be approxi-
mately 9.5 and 18 kb and which we attributed to
the new large plasmid in JC11625. These data,
in particular the absence of any new bands after
digestion of JC11625 plasmid DNA with
BamHI, led us to propose that the new large
plasmid in JC11625 was a cointegrate of pNC21
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and pNC12 whose structure was such that the
junctions of the two plasmids was marked by
two Tn3 sequences arranged in the same ori-
entation. Our model for the putative cointegrate
in JC11625, designated pNC14, predicted that
there would be no new BamHI fragment, two
new EcoRI fragments (10.35 and 13.40 kb), and
two new HindIII fragments (8.95 and 21.95 kb).
These predicted fragment sizes are in reasonably
good agreement with the new fragments we ob-
served using the three restriction endonucleases.
The new 13.40-kb EcoRI band was not resolved
presumably because of its proximity to the 12.9-
kb R3 fragment derived from pNC21.

Similarly, we hypothesized that the new large
plasmid (pNC15) found in transconjugant
JC11626 is a cointegrate of pNC21 and pNC13
whose junctions are similarly defined by Tn3
sequences in the same orientation. The pre-
dicted EcoRI digestion products of pNC15 in-
clude two unique fragments of 9.1 and 14.8 kb,
which could not be distinguished easily on our
gels from EcoRI fragment R4 of pNC21 (10.0
kb) and the larger EcoRI fragment from pNC13
(13.8 kb). Our hypothetical pNC15 structure
should yield no new BamHI fragments and is
consistent with our observation that BamHI
digestion of JC11626 produced no bands unique
to pNC15. Finally, a HindIII digest of pNC15

BamHl1

JC10897
JC11625
JC11626
pNCi2
JC11626

L2}

(S}

=z
a

Fi16. 8. Restriction enzyme analysis of total plasmid DNA from transconjugants JC11625 and JC11626.
Plasmid DNAs purified by the method of Meyers et al. (32) from strains JC10897, JC11625, and JC11626 were
treated with the indicated restriction endonucleases and analyzed by electrophoresis on 0.7% agarose gels.
The identities and sizes of the EcoRI fragments of pNC21 (JC10897) are as reported by Blohm and Goebel (5).
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DNA showed two new bands whose sizes (13.0
and 16.8 kb) were in reasonably good agreement
with those predicted (12.1 and 19.9 kb) for the
cointegrate structure proposed for pNC15.

Transmissibility of kan* is associated
with the presence of pNC14 and pNC15. If
plasmids pNC14 and pNC15 are cointegrates of
pNC21 and pML31::TnJ, then the kan* gene of
pML31 should be transmissible conjugationally
at approximately the same frequency as the cat*
gene of pNC21. To test this, transconjugants
JC11625, JC11626, JC11130, and JC11113 were
crossed with JC7532, a recA56 recipient; Km"
[Arg*] and Cm" [Arg*] transconjugants were
selected separately. The data (Table 5) show
that the kan* and cat® genes were transmitted
to JC7532 at about equal frequencies. This con-
trasts with the relative transmission frequency
of 2 X 10~* for these genes shown in the original
cross of JC10898 with JC7199. We tentatively
concluded that the kan* gene had been inherited
in a high-frequency transmissible state.

The tentativeness was based on the fact that
the population of cells called JC11625 and
JC11626 contained three plasmid species, only
one of which was pNC14 or pNC15, respectively.
If pNC14 and pNC15 are indeed cointegrate
plasmids, we would expect them to be incom-
patible with their constituent plasmids, as was
shown by Cabello et al. (6) for a pSC101-ColE1
cointegrate. Therefore, we believe that the pres-
ence of three plasmid bands in the DNA pre-
pared from JC11625 and JC11626 indicates that
these two strains consist of a mixed population
of cells, some of which carry only the cointegrate
and some of which carry the two autonomous
plasmids derived from the breakdown of the
cointegrate in some of the cells descended from
the original transconjugant. To separate these
two large plasmids from the smaller plasmids,
plasmid DNA, prepared from JC11625 and
JC11626 by the method of Clewell and Helinski
(9), was used to transform JC7199 to kanamycin
resistance. The unselected coinheritance of am-
picillin resistance and chloramphenicol resist-
ance was scored. Owing to the presence of Tn3
on pNC12 and pNC13, 50 Km" transformants
derived from JC11625 DNA were all Ap”, as were
50 derived from JC11626 DNA. Four of the 50
Km' Ap' transformants produced by DNA from
JC11626 were also Cm’. Total plasmid DNA
from two of these was prepared by the Meyers
method and examined by agarose gel electro-
phoresis. The results (Fig. 9) showed that DNA
from one of these transformants, JC11128, con-
tained two plasmid bands with the mobilities
characteristic of the pNC12 (pML31::Tn3) and
pNC21 bands. DNA from the other transform-
ant, JC11129, contained one main band with the
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F1G. 9. Agarose gel analysis of plasmid DNA from
transformants JC11128 and JC11129. Plasmid DNAs
were purified by the method of Meyers et al. (32) from
strains JC10897, JC11128, and JC11129 and ana-
lyzed by electrophoresis on 0.7% agarose gels.

mobility of the largest plasmid (pNC15) and two
faint bands in the positions of pNC21 and
pNC12. Conjugational transmission of kan*
from JC11129, containing the suspected cointe-
grate, was high, whereas that from JC11128,
which carried the two plasmids separately, was
low (Table 5). This also supports the hypothesis
that the cointegrate plasmid pNC15 represents
the highly transmissible form of the kan* gene.
Although we did not similarly confirm that
pNC14 is a highly transmissible form of the kan*
genes, we assume that it is.

Frequency of Tn3 transposition mutants
in a pNC15 strain. Since other investigators
(16) had reported that cointegrate molecules
could only be detected if the process was me-
diated by certain transposition-defective mu-
tants of Tn3, we measured the ability of the Tn3
sequences on pNC15, a relatively stable cointe-
grate, to transpose to another replicon, pSC101.
Our assay for transposition was based on the
resistance of cells carrying pSC101::Tn3 to high
levels of ampicillin because of the increased
number of bla genes available in those cells and
will be detailed elsewhere (J. A. Nowak and A.
dJ. Clark, in preparation). Our results indicated
that the frequency of Tn3 transposition mutants
of pSC101 in the presence of Tn3 donor pNC15
was 5.8 X 102 (mutants per total cells) and was
essentially the same as the frequency observed
for Tn3 transposition mutants of pSC101 in the
presence of pNC21. Hence, it appears that the
Tn3 sequences involved in formation of pNC15
were not altered in their ability to transpose.
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DISCUSSION

We determined the transmission frequencies
of two nonconjugative FargG* plasmids by using
pNC21 as the coresident conjugative plasmid. In
the case of pJC59, which retained oriT, the
sequence at which F plasmids are presumed to
be mobilized for transfer (1, 11), we observed
that the transmission of argG* was nearly as
high as that of the cat* genes of pNC21. In
addition, transconjugant progeny inheriting
both argG* and cat* carried plasmids having
electrophoretic mobilities of the original plas-
mids. pJC59 can therefore be classified as trans-
missible since it carries the genes needed to
effect the mobilization, transfer, and replicona-
tion of its own DNA. In the case of pJC61, which
was deleted for EcoRI fragment 6 and therefore
lacked oriT, the transmission frequency of
argG* was only 107 as great as the transmission
of cat*. Transconjugants inheriting argG* and
cat* showed three plasmid DNA bands on aga-
rose gels. The smaller two were indistinguishable
in mobility from the original plasmids, pNC21
and pJC61. (Although we observed no change in
mobility of pJC61, the transconjugants most
likely carried pJC61::Tn3 by analogy with the
pML31 results. The addition of a 4.8-kb Tn3
sequence to the 188-kb pJC61 DNA would not
cause a detectable change in mobility.) The larg-
est plasmid had a mobility consistent with its
being a cointegrate of pNC21 and pJC61. We
therefore concluded that pJC61 was nontrans-
missible since it was incapable of effecting its
own mobilization, transfer, and repliconation as
an independent plasmid.

In comparing the transmission of pJC59 and
pJC61, we discovered that the low-frequency
transmission of the oriT mutant, pJC61, was not
simply low-efficiency mobilization, perhaps from
a secondary oriT site but, rather, was brought
about by an entirely different mechanism which
was dependent upon recombination between the
conjugative and nonconjugative plasmids.

Since the donor strain carrying pJC61 and
pNC21 was recA56, we did not expect recombi-
nation between homologous sequences to be the
basis for the hypothesized cointegration of the
two plasmids. To investigate this basis, we used
pML31, a nonconjugative plasmid much smaller
than pJC61 but related to it in that both plas-
mids were deleted for EcoRI fragment 6 and
retained the replication region of F. The pML31
results were parallel to those with pJC61 as far
as the low-frequency transmission of the pML31
kan” genes relative to cat” transmission and the
appearance of a new large plasmid presumed to
be a cointegrate. In addition, we found that the
Km' Cm’" transconjugants no longer carried
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pML31 but, rather, a new small plasmid identi-
fied as pML31::Tn3. On the basis of restriction
enzyme analyses, we propose that the new large
plasmid is a cointegrate of pML31::Tn3 and
pNC21 in which there are two copies of Tn3 in
direct repeat on either side of pML31.

The cointegrate and the insertion mutant
forms of pML31 provide a clue to the nature of
the recA-independent recombination events per-
mitting transmission of pML31 genes. Two hy-
potheses are testable: (i) transposition of Tn3 to
pML31 occurs, and then the separate pML31::
Tn3 and pNC21 plasmids recombine by a Tn3-
specific event to form the cointegrate; (ii) trans-
position of Tn3 to pML31 involves an interme-
diate whose structure is that of the cointegrate
with two copies of Tn3 and whose components
can subsequently separate by a Tn3-specific
event. We found the cointegrate to be a high-
frequency transmissible form of the kan* gene,
which is consistent with both hypotheses. We
also found that recA56 strains carrying both
pML31::Tn3 and pNC21 were very-low-fre-
quency donors of kan*, an observation which is
inconsistent with the first hypothesis for the
following reason. The frequency of kan* transfer
should reflect the frequency of the event(s) re-
quired for transfer. If transposition and subse-
quent recombination are both required, as in the
first hypothesis, the transfer frequency would
equal the product of the frequency of transpo-
sition and the frequency of Tn3-specific recom-
bination. We would therefore expect to see
higher kan* transmission from a pML31::Tn3/
pNC21 donor, where transposition had already
taken place, than from a pML31/pNC21 donor.
Presumably, the frequency of transfer of kan*
from the pML31::Tn3/pNC21 donor represents
the frequency of Tn3-specific recA-independent
recombination between the separate plasmids to
generate the cointegrate. However, since this
frequency is as low as kan* transmission from
the pML31/pNC21 donor, the cointegrate plas-
mid does not appear to be formed as a conse-
quence of these two low-frequency events.

Thus, we are led to hypothesize that cointe-
grate formation is a normal part of Tn3 trans-
position from one plasmid to another and that
such cointegrates contain two copies of Tn3 in
direct repeat at each end of the plasmid to which
transposition is occurring. Cointegrate molecules
with the same basic structure have been re-
ported by a number of other investigators and
have involved transposons Tn3 (16, 23, 27, 31),
insertion sequence IS1 (30), and bacteriophage
Mu (39). Gill et al. (16) and Meyer et al. (31)
have reported cointegrate formation mediated
by mutants of Tn3 and Tn5, respectively. These
authors have proposed that recA-independent
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Tn3 sequence-specific recombination is one
route for separating cointegrate plasmids into
their component parts to complete transposi-
tion. Our results are consistent with this pro-
posal in that they show breakdown of the coin-
tegrate in recA56 cells. Our results are inconsist-
ent with the implied hypothesis that cointegrate
transposition intermediates are undetectable un-
less one uses mutant derivatives of Tn3.

Although we believe that the cointegrates we
observed are formed as intermediates in trans-
position, we feel that cointegrates need not be
obligatory intermediates in all transposition
events. The mechanisms for transposition pro-
posed by Grindley and Sherratt (19) and Shapiro
(34) may involve a concerted set of reactions,
making cointegrates an obligatory intermediate.
However, if the reactions are not concerted and
if certain of the intermediates are available as
substrates for alternative reactions, then coin-
tegrates may represent only one pathway of
transposition. The frequency of transmission of
the genes of a non-mobilizable plasmid permit-
ted by transposition-mediated recombination
would be expected to vary with the frequency
and stability of the cointegrate molecules
formed.

In summary, we observed that the low-fre-
quency transmission of plasmids lacking the
oriT site is dependent upon a recombination
event between the coresident conjugative and
nonconjugative plasmids. This is an example of
the process called “conduction” by Clark and
Adelbert (7) to distinguish it from the process of
donation (8), in which conjugative and noncon-
jugative plasmids are transmitted as separate
entities. The recombination leading to conduc-
tion occurs during the process of the transposi-
tion of Tn3 from one plasmid to the other. The
result is the formation of a cointegrate plasmid
consisting of the conjugative and nonconjugative
plasmids separated by direct repeats of the
transposon and therefore capable of the conju-
gational transmission of the genes of both plas-
mids.

In the cases described here, the transposable
sequence was present on the conjugative plas-
mid. This is similar to the situation described by
Guyer (20), in which the gamma-delta sequence
of F permitted recA-independent transmission
of nonconjugative plasmid pBR322. It is also
possible for a transposable sequence on the non-
conjugative plasmid to facilitate cointegrate for-
mation and, hence, conduction. This is presum-
ably the situation studied by Goebel et al. (17),
in which Tn3 was present on nonconjugative
derivatives of R1. It should be noted that in such
cases when the cointegrate separates into its
components the original nonconjugative plasmid
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will be regenerated and the conjugative plasmid
will contain a new transposable element. If the
size of the conjugative plasmid greatly exceeds
that of the added element, it may be difficult to
detect that the conjugative plasmid is actually
a mutant.

The cointegrates that we observed were stable
through the processes of mobilization, transfer,
and repliconation although they did decay into
their component plasmids at an easily detectable
frequency. They may, therefore, provide an op-
portunity for studying intermediates in trans-
position and may be helpful in elucidating the
steps in this process.
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