JOURNAL OF BACTERIOLOGY, May 1990, p. 2814-2816
0021-9193/90/052814-03$02.00/0
Copyright © 1990, American Society for Microbiology

Vol. 172, No. §

Mutagenesis of Dimeric Plasmids by the Transposon y8 (Tn/000)

LIN LIUt AND CLAIRE M. BERG*

Department of Molecular and Cell Biology, The University of Connecticut,
Storrs, Connecticut 06269-2131

Received 15 September 1989/Accepted 5 February 1990

The Escherichia coli F factor mediates conjugal transfer of a plasmid such as pBR322 primarily by
replicative transposition of transposon yd (Tnl000) from F to that plasmid to form a cointegrate intermediate.
Although resolution of this cointegrate always yields a plasmid containing a single yd insertion, the occasional
recovery of transposon-free plasmids after conjugal transfer has led to alternative hypotheses for F
mobilization. We show here that y5-free plasmids are found after F-mediated conjugal transfer only when the

donor plasmid is a dimer and the recipient is Rec*.

Most widely used cloning vectors, such as pBR322 and its
derivatives, are nonconjugative (1). The Escherichia coli F
factor mediates their conjugal transfer by replicative trans-
position of yd (Tnl000) from F to the plasmid to form a
cointegrate. In the recipient, this cointegrate is resolved by
site-specific recombination to yield a parental F factor plus
the plasmid carrying one copy of vd (Fig. 1). ¥3 is widely
used as a mutagen to delimit cloned genes (3, 7, 8) and has
also been used to provide mobile primer-binding sites for
dideoxy sequencing of target DNA (3, 10; L. D. Straus-
baugh, M. T. Bourke, M. D. Sommer, M. E. Coon, and
C. M. Berg, submitted for publication). However, several
reports describe frequent recovery of nonconjugative plas-
mids that lack 3 after F-mediated transfer (6, 9). Because
the usefulness of yd for genetic and molecular analyses of
cloned DNA is compromised by recovery of yd-free plas-
mids, we reexamined the basis of this phenomenon. The data
presented here demonstrate that inadvertant use of dimeric
starting plasmids can result in recovery of yd-free plasmids
in a rec” recipient and that their recovery is avoided by the
use of starting plasmids that are monomers.

For descriptions of the E. coli K-12 strains used in this
study, see the footnotes to Tables 1 and 2. Plasmid pBR325
is a 6.0-kilobase (kb) derivative of pBR322 containing the
determinants for ampicillin resistance (amp), chloramphen-
icol resistance (cam), and tetracycline resistance (tef) (1).
Plasmid pIF005 is an 8.6-kb derivative of pBR322 containing
amp and 4.6 kb of the E. coli avtA region (13). Transposon
3, a member of the Tn3 family, is 6 kb long (3; R. Reed,
unpublished data). yd mutagenization was accomplished by
selecting for conjugal transfer of the plasmid on Lennox
complex medium plus thymine (0.079 mM), chloramphenicol
(20 pg/ml), and streptomycin (200 pg/ml) for pBR325 or
ampicillin (100 pg/ml) and kanamycin (30 pg/ml) for pIF00S,
as described previously (13).

In matings involving pBR325 (amp™ cam™ tet*) mono-
mers, more than half of the Cam" exconjugants had an
insertion in one of the other antibiotic resistance genes
(Table 1). All plasmids were found to be 12 kb long (Table 2;
Fig. 2, lane 2), indicating that they are composed of one copy
of 3 inserted into one copy of pBR325.

When the matings were repeated with dimers, all of the
Cam' exconjugants tested were both Tet" and Amp* (Table
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1). Plasmids recovered from the mating with the recA
recipient were all 18 kb long (Fig. 2, lane 4), but plasmids
from the mating with the rec* recipient were 6, 12, and 18 kb
long (Fig. 2, lane S5; Table 2).

Plasmid size cannot be used to distinguish pBR325::y3
monomers from y3-free pBR325 dimers, because yd and
pBR325 monomers are each about 6 kb long. Therefore, two
further tests were used. (i) Total plasmid DNA from each of
the four exconjugants that contained only 6- and 12-kb bands
(Table 2) was digested with BamHI, which cuts both pBR325
and yd once (1, 7). Only a single 6-kb linear fragment was
obtained, indicating that vy was absent from these plasmids.
(ii) The 12-kb band from one exconjugant that contained 6-,
12-, and 18-kb plasmids was transformed into CBK869
(recA), and the resultant plasmids were digested with EcoRI,
which cuts pBR325 once (1) and 3 twice (7). A single 6-kb
fragment was obtained from two transformants, and three
fragments were obtained from two other transformants,
indicating that the 12-kb band contained both pBR325::vd
monomers and yd-free dimers. Thus, when the donor plas-
mid was a dimer, Rec* exconjugants contained a mixture of
four plasmid types: monomers lacking y3 (6 kb), monomers
containing vy (12 kb), dimers lacking vy (12 kb), and dimers
containing one copy of yd (18 kb).

To confirm that the plasmid types recovered in rec™ cells
were breakdown products of 18-kb dimeric pBR325::vyd
plasmids, a stable 18-kb plasmid recovered from a mating
between a dimeric donor strain and a recA recipient (Table 2,
line 3; Fig. 2, lane 4) was transformed into a rec” strain.
Plasmids from single colonies were found to contain 6-, 12-,
and 18-kb bands (Fig. 2, lane 6). Thus, the variety of plasmid

TABLE 1. Phenotypes of cells following conjugal

transfer of pBR325¢
. .. No. (%) No. (%)
Plasmid in Recipient A <
donor® genotype® of Amp of Tet
colonies colonies
Monomer recA 192 (48.0) 36 (9.0)
Monomer rec” 188 (47.0) 26 (6.5)
Dimer recA 0 0
Dimer rec* 0 0

4 Cam" Str' exconjugants were selected, and 400 colonies were tested per
mating.

b Donor strain: MG1063 (F* recAS6 thi) (7).

< rec* strain: CBK861, rpsL109 transductant of CBK699 [A(pro-lac) thyAl
(14), using P1 grown on x697 (4). recA strain: CBK869 [A(srl-recA)306::Tnl0
transductant of CBK861, using P1 grown on MC601, A(sri-recA)306::Tnl0 ara
A(pro-lac)XIII, obtained from Jeffrey Miller].
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FIG. 1. Transposition of ¥d from the F factor to pBR325, cointegrate resolution, and subsequent rec-mediated recombination. (A)
Monomeric target plasmid. (a) y3 transposition to a site in the ret gene. (b) Cointegrate formed by replicative transposition of yd from F to
pBR32S. (c) Resolution products: F factor and pBR325::v8. (B) Dimeric target plasmid. (a) 5 transposition to a site in one copy of the tet
gene. (b) Cointegrate formed by replicative transposition of y5 from F to a pBR325 dimer. (c) Resolution products: F factor and a
heterodimeric pBR325::y8 plasmid. (d) rec-mediated breakdown products of heterodimeric pBR325::v5. (¢) Homodimers derived from
breakdown products shown in diagram d. Arrowhead, oriT of F* factor. Tetracycline (T), chloramphenicol (C), and ampicillin (A) resistance
genes of pBR325 are shown. Arrows, Direction of transcription of resistance genes; heavy lines, tet target gene; hatched lines, v3; y and 3,

gamma and delta ends, respectively, of y5.

sizes found following F-mediated transfer of a dimer to a
rec* recipient resulted from recA-mediated homologous
crossing over in the recipient, as diagrammed in Fig. 1B.
Because yd and pBR325 are both 6 kb long; certain
plasmld classes are distinguishable only by restriction anal-
ysis. Therefore, we tested yd insertion into pIF005, which is
8.6 kb long. yd mutagenization of monomers yielded exclu-
sively 14.6-kb pIF005::iyd exconjugants that contain one
copy of pIF005 and one copy of ¥ (13), whereas mutageni-
zation of dimers yielded exclusively 23-kb plasmids if the
recipient was recA but 8.6-, 14.6-, 17-, and 23-kb plasmids if
the recipient was rec* (Table 2, right). The 23-kb band found
in both recA and rec* exconjugants corresponds to a het-
erodimer with one ¥3 insert, while the 14.6-kb band corre-
sponds to a monomer with one 3 insert and the 8.6- and
17-kb bands correspond to pIF005 monomers and ho-
modimers, respectively, that lack vy (Fig. 1B).
pBR322-derived plasmids may occur as monomers,
dimers, or higher oligomers in rec* cells of E. coli K-12 (2,
12).  There is generally a correlation between plasmid size
and the frequency of oligomiers in the population, with most

plasmids larger than 7 kb existing as oligomers (5). Conse-
quently, unless care is taken to assure that the plasmid being
used is a monomer, many plasmids, especially among those
containing large inserts, will be oligomers. This is not
important if the plasmid is cut with restriction enzymes, but
as we show here, it can seriously interfere with the efficiency
with which y3-mutagenized plasmids can be recovered.

" We have shown that when F catalyzes the transfer of a
plasmid from a recA donor into a recA recipient after
resolution, all exconjugants contain the parental plasmid
with one ¥d insert (Table 2; Fig. 1Ac and Bc). If a dimeric
starting plasmid is used, this exconjugant plasmid contains
two plasmid moieties, only one of which has a y3 insert (Fig.
1Bc). If the recipient is rec* or if this plasmid is transformed
into a rec* cell, a variety of additional plasmid types are
recovered (Table 2); homologous recombination results in
both mutagenized and y3-free monomers (Fig. 1Bd), and
these can subsequently recombine to yield dimers that are
indistinguishable from the parental unmutagenized dimer
(Fig. 1Be, top). Dimers derived from y3-carrying monomers
(Fig. 1Be, bottom) (24 kb from pBR325::v5 and 29 kb from

TABLE 2. Plasmids isolated from exconjugants

No. of colonies with pBR325 plasmids
with sizes of ©:

No. of colonies with pIF005 plasmids
with sizes of“:

Pl:smitll‘ in Recipien},
ono genotype'

se e W GRS wee e Ymw LG hivw
Monomer recA 16 0 0 0 72 0 0 0 0
Monomer rect 16 0 0 0 49 0 0 0 0
Dimer recA 0 48 0 0 0 31 0 0 0
Dimer rec* 0 0 4¢ 60 0 0 28 3* 60°

< Donor strain: MG1063 (see Table 1, footnote b).

 Matings involving pBR325: rec* strain, CBK861; recA strain, CBK869 (see Table 1, footnote c). Matmgs involving pIF005: rec* strain, CBK741 [A(pro-lac)
thyA ilvEI2 avtA23::TnS5] (15); recA strain, CBK870 [A(srl-recA)306::Tnl0 transductant of CBK741 using P1 grown on MC601] (see Table 1, footnote c).
¢ Cam" Str* exconjugants were selected. Plasmids 6, 12, and 18 kb long were monomers, either monomer::y3 or dimers, and dimer: ys respectively. Colonies

conta.lmng only 6-kb-long plasmids were not detected.

4 Amp* Kan* exconjugants were selected. Plasmids 8.6, 14.6, 17, and 23 kb long were monomers, monomer::yd, dimers, and dimer::y3, respectively. Colonies

containing only 8.6- and 17-kb-long plasmids were not detected.
¢ The major band was 12 kb.
f The major band was 18 kb.
# The major band was 8.6 kb.
* The major band was 14.6 kb.
! The major band was 23 kb.
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FIG. 2. Supercoiled pBR325 and pBR325::yd plasmids analyzed
by standard methods (11). Lanes: 1, monomer from MG1063 (recA);
2, dimer from MG1063; 3, monomeric pBR325::y3 plasmid following
conjugal transfer of monomer from MG1063 (lane 1) to CBK869
(recA); 4, heterodimeric pBR325::y% plasmid following conjugal
transfer of dimer from MG1063 (lane 2) to CBK869 (recA); 5,
heterodimeric pBR325::vd plasmid and breakdown products follow-
ing conjugal transfer of dimer from MG1063 (lane 2) to CBK861
(rec™); 6, heterodimeric pBR325::vyd plasmid and breakdown prod-
ucts after transformation of CBK861 (rec*) with DNA from lane 4.

pIF005::y8) were not detected, possibly because such
dimers would be converted to their component y3-containing
monomers by the resolution reaction.

The data presented here show that yd transpositional
cointegrates are the only significant participants in F-medi-
ated transfer of pBR322-related plasmids and thus that
special hypotheses to explain yd-independent F-mediated
transfer of nonconjugative plasmids (6, 9) need not be
entertained.
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