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An Escherichia coli K-12 F- mutant defective in conjugation was isolated by
means of a zygotic induction enrichment procedure. The recipient ability of the
mutant was reduced about 50 times owing to a block in one of the first steps of
the conjugation process. In the mutant, cell envelope alterations could not be
observed. Sensitivity toward detergents, antibiotics, and phages was unaltered.
The mutation appeared to be co-transducible with pyrD. The linkage order in
the region of the mutation is origin KL 99-con-pyrD-aroA.

Bacterial conjugation is commonly considered
to occur in a series of stages (6). The first step is
the formation of mating pairs between donor
and recipient cells by means of the sex pilus
(specific pair formation). The next step is
thought to be the conversion of a specific pair to
an effective pair. A conjugation tube or bridge
is then made between donor and recipient that
would permit subsequent transfer of donor de-
oxyribonucleic acid (DNA). The third step is
the transfer mobilization of donor DNA. After
these steps, transfer of donor DNA occurs. The
last step is the integration of transferred chro-
mosomal DNA into the recipient chromosome
or the establishment of a replicon containing
the transferred DNA in the recipient cell.
The role of the donor cell and its sex pilus

during the conjugation process has been exten-
sively investigated (for reviews, see Achtman
[1], Brinton [4], and Willetts [29]). Studies on
the role of the recipient cell during the conjuga-
tion process have been concentrated so far on
the transfer (28) and integration or the estab-
lishment of the donor DNA (see Clark [5] for
review). Recently, studies on the role of the
recipient cell during the first stages of the con-
jugation process have been reported (18, 20, 22,
27).

Cell envelope alterations in Escherichia coli
K-12 F- mutants may lead to F- mutants una-
ble to conjugate owing to an altered or absent
attachment site for the sex pilus. Moreover, it
is possible that sex pilus and bacterial viruses
use the same or closely related cell envelope
components for adsorption and/or injection. It
could thus be possible to isolate F- mutants
unable to conjugate among F- mutants resist-
ant to bacterial viruses. Mutants of female
strains ofE. coli K-12 have indeed been isolated
that are impaired in both mating ability and
phage adsorption (20, 22; L. Havekes et al.,
Mol. Gen. Genet., in press).

The conjugation-defective mutants isolated
until now frequently are pleiotrophic cell enve-
lope mutants. To get more specific conjugation-
defective mutants, we decided to use a zygotic
induction enrichment procedure as a more di-
rect isolation method. A conjugation-defective
(Con-) mutant isolated in this direct way will
be described. We will show that this Con- mu-
tant apparently differs from the Con- mutants
described before (20, 22).

MATERIALS AND METHODS
Bacterial strains. All strains were derivatives of

E. coli K-12. Genotype and source of the strains used
are listed in Table 1.

Phages. Stocks of wild-type E. coli phages T2, T3,
T4, T5, T6, T7, P1, and X were used. Phages K3 (22)
and X (21) were obtained from E. J. J. Lugtenberg.
As male-specific phage we used phage ,u.

Media. Bacterial cells were cultivated in peptone-
yeast broth. For plating, peptone-yeast agar (1%
peptone, 0:5% NaCl, 0.5% yeast extract, 0.1%
Na2HPO4 2H20, 1.5% agar [BBL]) or minimal me-
dium agar (31) was used. Required growth factors,
amino acids, purines, or pyrimidines were added in
final concentrations varying from 20 to 60 pg/ml.
Streptomycin (Mycofarm Delft) was added in a final
concentration of 100 ug/ml. MacConkey agar was
obtained from Oxoid.

Bacterial growth. Growth was measured by
means of a Klett-Summerson photometer using a
red filter (660 nm).

Isolation of Con- mutants. For the isolation of a
Con- mutant we used a zygotic induction enrich-
ment procedure. Strain KMBL1563, an F' donor
strain carrying an F' factor with a thermoinducible
Mu-I insertion, was used as donor, and strain
AM3000, treated with ethyl methane sulfonate, was
used as recipient. Donor cells (5 x 108/ml) were
mixed with 108 recipient cells per ml. After 3 h of
mating at 42 C, streptomycin was added and the
mixture was incubated at 42 C with shaking for 1 h.
The mixture was then diluted 100-fold in peptone-
yeast broth with streptomycin and incubated over-
night at 37 C. This culture was used as a recipient
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TABLE 1. Bacterial strains"
Mating typeb

F'

F-
F-
F-
F-
F-
F-
F-
F-
F-
F-
F-
HfrH
Hfr R4
Hfr KL16
Hfr B7
Hfr G6
Hfr KL14
Hfr Cav
Hfr KL99
F+
F15

Genotype

Chromosome: trp-103 by insertion Mu-1
Plasmid: thy by insertion Mu-1 cts 62
thr leu proA his thi argE thyA lacY strA
As PC 1072 but pon
As Am3000 but con

As AM3000 but colicin I resistant
As AM3001 but colicin I resistant
As AM3001 but lacZ22 lacI
As AM3001 but P1 sensitive
As AM3005 but pyrD
As AM 3005 but aroA
As AM3000 but rifampin resistant
As AM3001 but rifampin resistant

Source

P. van de Putte

This paper

This paper
This paper
This paper
This paper

This paper
This paper
This paper
This paper
This paper

aroA
F' thy+lpyrF strA

AM1034 HfrH lacZ22 lacI J. Bergmans
AM1553 F' F' lacZ5 lacI J. Bergmans
I5-3 R144drd3 colI+ E. Meynell
x-ll00 R100-1 RF TcCmSuSmSpdrd R. Curtiss III

All PC strains were obtained from the Phabagen Collection, State University Utrecht. All donor strains
are streptomycin sensitive unless otherwise indicated.

b Marker position, origin, and direction of transfer of donor strains are given in Fig. 1.

culture for a second enrichment procedure. After
three enrichment cycles, the mixture was diluted
and spread on agar plates (about 100 colony-forming
units per plate) containing streptomycin. After 16 to
20 h of incubation at 37 C, the colonies were repli-
cated on: (i) a minimal medium plate plus strepto-
mycin and all required growth factors (plate A) and
(ii) a minimal medium plate with streptomycin but
without threonine and leucine and covered with a
lawn of about 5 x 108 Hfr R4 donor cells (plate B).
After 16 to 20 h of incubation at 37 C, plate B was

scored for poorly developed colonies. These colonies
were picked from plate A and tested for sensitivity
to the male-specific phage , and for recipient abil-
ity. Phage ,-sensitive colonies were discarded.

Crosses in liquid medium. Crosses in liquid me-

dium were performed with log-phase donor and re-

cipient cells grown to a Klett reading of 30 (2 x 108 to
3 x 108 cells/ml). Donor and recipient cells were

mixed in a ratio of 1:10 and incubated without shak-
ing in a water bath at 37 C to allow transfer. Trans-
fer was terminated by violent agitation using a Low
and Wood shaking machine (14).

Crosses on filters. Donor and recipient cells were

grown to log phase (Klett reading of 30). Donor and
recipient cells were mixed in a ratio of 1:10. The mix-
ture (5 ml) was immediately collected on a mem-

brane filter (Millipore Corp.; diameter, 25 mm; pore
size, 0.45 ,um) by suction. The membrane filter was
placed on a prewarmed (37 C) peptone-yeast agar

plate (collected bacteria on top) and incubated at

37 C to allow transfer. After transfer the filter was
added to an appropriate volume of peptone-yeast
broth, and cell separation was achieved by violent
agitation.

Gradient of transmission curves. The method of
de Haan et al. (9) was used with the modification
that the mating mixture was not shaken during
transfer.

Mating pair formation. For determination of the
number of mating pairs formed in a mixture ofdonor
and recipient cells, we used the method described by
Skurray et al. (22). The method is based on the fact
that mating pairs from Lac+ donor and Lac- recipi-
ent cells give colonies with many sectors on lactose-
tetrazolium plates.

Transduction. Transduction with phage P1 was

performed according to Willetts et al. (30).
Transfer of colI factor. Log-phase donor cells

(colI+, streptomycin sensitive) and recipient cells
(colicin resistant, streptomycin resistant) were

mixed in a ratio of 1:10, respectively, and incubated
for 30 min in a water bath without shaking at 37 C to
allow transfer. Transfer was terminated by violent
agitation. The mating mixture was diluted and
plated on peptone-yeast agar plates (about 100 col-
ony-forming units per plate) containing 100 jg of
streptomycin per ml and grown overnight at 37 C.
The resulting colonies were killed by exposing them
to chloroform vapor for about 20 min. After the
chloroform vapor had disappeared, the plates were

overlaid with about 107 cells of a colicin-sensitive

Strain

KMBL1563

PC1072
AM3000
AM3001
AM3002
AM3003
AM3004
AM3005
AM3006
AM3007
AM3008
AM3009
PCO008
PCO031
PC0515
PC0441
PC0034
PC1511
PC0617
PC1837
PC1524
PC0658
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indicator strain suspended in 4 ml of peptone-yeast
soft agar. After overnight growth at 37 C, a clear
halo could be seen around a col+ colony.

Lethal zygosis in liquid and on solid media and
filters. For lethal zygosis in liquid media, we used
the method described by Skurray and Reeves (24),
with a donor-to-recipient ratio of 100:1. For lethal
zygosis on solid medium, we used the method de-
scribed by Skurray and Reeves (24) with some modi-
fications. An overnight aerated culture of a strepto-
mycin-resistant F- strain was diluted 100-fold. A
0.2-ml sample of this suspension was spread on pep-
tone-yeast agar containing streptomycin. As soon as
cells were fixed on the plate, 1 drop of a log-phase
streptomycin-sensitive Hfr donor culture was placed
on the plate. After overnight incubation at 37 C, a
zone of growth inhibition is observed if the F- strain
is sensitive to lethal zygosis. Lethal zygosis on mem-
brane filters was performed as were the crosses on
filters except that a donor-to-recipient ratio of 100:1
was used.

Test for sensitivity to detergents, bile salts, and
antibiotics. One-tenth milliliter of a 10-s dilution of
an overnight culture was spread on the surface of a
peptone-yeast agar plate containing one of the de-
tergents or antibiotics in a series of concentrations
near the minimal inhibitory concentration for the
wild type. To test bile salts sensitivity cells were
spread on MacConkey agar. After incubation over-
night at 37 C, colony formation was scored.

Test for sensitivity to bacteriophages. Various
dilutions of phage suspensions were mixed with
about 107 bacteria in soft peptone-yeast agar and
added as a top layer on peptone-yeast agar plates.
After overnight incubation at 37 C, plaque forma-
tion was scored.

Cell envelope preparation and polyacrylamide
gel electrophoresis. For sample preparation and
polyacrylamide gel electrophoresis, we used the
method described by Lugtenberg et al. (15).

Isolation of LPS and characterization of the LPS
sugar composition. We isolated lipopolysaccharide
(LPS) on a microscale as described by Galanos et al.
(8). Hydrolysis of LPS for characterization of the
sugar composition of LPS by gas-liquid chromatog-
raphy was performed according to the method de-
scribed by Hellerqvist et al. (10).

Screening test for mating ability. To localize the
mutation by conjugation and transduction, we used
an AM3001 derivative with lacZ22 lacI mutations
(AM3004). Transconjugants or transductants de-
rived from AM3004 were screened for mating ability
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in the following way. One milliliter of a log-phase
culture was added to 1 ml of a log-phase culture of
AM1553 (F'lacZ5 lacI). After 1 h of mating without
shaking, streptomycin and the detergent potassium
oleate (0.001% [vol/vol] final concentration) were
added to prevent growth of AM1553 and additional
mating pair formation, respectively. After 1 h of
further incubation at 37 C under aeration, the f3-
galactosidase activity formed on the basis of interal-
lelic complementation between lacZ5 and lacZ22 (2)
was measured. One drop of toluene was therefore
added, and the suspension was shaken at 37 C for 30
min. A 0.5-ml amount of o-nitrophenyl-,8-D-galacto-
pyranoside at a concentration of 4 mg/ml was added
to the samples. In this test, transconjugants or
transductants with wild-type recipient ability devel-
oped a yellow color after one night at room tempera-
ture. For each cross, at least 25 transconjugants or
transductants were tested for recipient ability by
this screening test.

RESULTS
Isolation and characterization of a conju-

gation-deficient mutant. Almost all colonies
isolated after the enrichment procedure that
gave a reduced growth on mutant identification
plate B, as described in Material and Methods,
were sensitive to the male-specific phage a.
Presumably, F+ or F' factors lacking an intact
prophage had infected recipient cells, resulting
in F+- or F'-carrying recipient colonies. The
presence of these cells interfered with the isola-
tion of mutants with reduced recipient ability.
Experience taught us that three zygotic induc-
tion cycles were optimal; after more enrichment
cycles the number of F+ or F' derivatives in-
creased such that the presence of conjugation-
deficient cells was completely masked. After
three cycles of zygotic induction, we isolated
five colonies resistant to phage , and impaired
in recipient ability. One of these mutants
(AM3001) was used for all experiments de-
scribed in this paper.
When mutant strain AM3001 was used as a

recipient strain in crosses with several donor
strains, a significant reduction in transconju-
gant formation with F' or Hfr donor cells was
observed (Table 2). Table 2 shows that the mu-

KL 14-
- WKL 16

sR4 Cav

araE thr . t!c 211 .rD
:IeuproA' arpA

80 0/90 10 20

.l I ',GENE

30 40 50
MINUTE

FIG. 1. Marker position, origin, and direction ofHfr strains. The arrows indicate the position of the origin
and the direction of transfer of the Hfr strains used (13).
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tant was a poor recipient for chromosomal DNA
as well as for plasmid DNA. The latter observa-
tion suggests that the stage at which the conju-
gant formation process is disturbed precedes
the recombination step and justifies the tenta-
tive description Con- for the mutant. When
transconjugants isolated from crosses of
AM3001 with Hfr donor strains were used
again, they still were poor recipients. This
means that the few transconjugants from
AM3001 were not derived from Con+ revert-
ants.
Stage at which the Con- mutant is im-

paired. Five separate steps in the conjugation
process are thought to occur. The step at which
the mutant AM3001 is blocked most likely pre-
cedes the recombination step or the establish-
ment of a transferred plasmid (Table 2). In
crosses on membrane filters the reduced trans-
conjugant formation frequency was mostly re-
lieved (Table 3). Since mating pairs are more
stable in crosses on filters (16, 32), we suggest
that the mutant cells form unstable mating
pairs that are easily disrupted in liquid me-
dium.

TABLE 2. Transconjugant formation in crosses with
the mutant strain AM3001 and the parental strain

AM3000 as recipients"
Conjugant
formation

Donor Mating type Selected marker frequency
ratio (par-
ent/mutant)

PC0008 Hfr H thr+leu+strA 30
PC0515 Hfr KL16 his+strA 40
PC1511 Hfr KL14 argE+strA 60
PCO031 Hfr R4 thr+leu+strA 50
PC0658 F' thy+ thy+pyrF+ 50

" Crosses were performed in liquid medium as
described in the text. Transfer time chosen was
equal to the time interval between the origin of the
Hfr strain and the selected marker (see Fig. 1) plus
20 min for transfer delay. In the case of the F' donor,
transfer time was 30 min.

TABLE 3. Transconjugant formation frequency with
the mutant strain AM3001 and the parental strain
AM3000 in liquid medium and on membrane filter"

Conjugant
No. of thr+ formation

Recipient Mating conditions leu+ strA frequency
transconju- ratio (par-
gants/ml ent/mu-

tant)
AM3000 Liquid medium 3.7 x 105
AM3001 Liquid medium 6.0 x 103 60
AM3000 Membrane filter 2.2 x 10'
AM3001 Membrane filter 9.5 x 106 2.5
" Crosses were performed as described in the text. Strain

Hfr R4 was used as donor. Transfer time was 35 min.

Mating of F- cells with an excess of Hfr cells
causes a decrease in the number of F- survi-
vors. This phenomenon, called lethal zygosis,
requires a specific direct contact between Hfr
and F- cells mediated by F pili (23). If mating
pair formation in the mutant strain AM3001 is
impaired, we would expect the mutant to be
less sensitive to lethal zygosis. Figure 2 shows
that AM3001 indeed was resistant to lethal zy-
gosis in liquid medium in contrast to the paren-
tal strain. Strain AM3001 appeared to be partly
sensitive to lethal zygosis on solid medium (not
shown) and on membrane filters (Fig. 2). The
latter observations could be explained in the
same way as the crosses on membrane filters by
assuming that on solid medium and on filters
mating pairs are more resistant to disruption.
To get direct evidence for the supposition that
mating pair formation is impaired, we meas-
ured the number of mating pairs formed in a
mating mixture with mutant AM3001 and the
parental strain as recipient strains. To measure

380
0

360/

180

160 0

o140/

UO120 0/

100/

0 30 60 90 120
Time (min)

FIG. 2. Sensitivity of strains AM3000 and
AM3001 to lethal zygosis. Recipient cells and donor
cells were mixed in a ratio F- to Hfr of 0.01. At
intervals samples were taken, diluted, and plated for
F- survivors. Symbols: (x) AM3000 survivors; (0)
AM3001 survivors; ( ) lethal, zygosis in liquid
medium; (--- - -) lethal zygosis on membrane filters.
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the number of mating pairs, we used the tech-
nique described by Skurray et al. (22). The
reduction in transconjugant formation fre-
quency ofAM3001 was due to poor specific mat-
ing pair formation. The observed poor mating
pair formation might have been due to weak
mating pairs that were easily disrupted. Re-
sults in Tables 2 and 4 show a reduction in
transconjugant formation and mating pair for-
mation, respectively, by a factor of about 50.
To study genetic transfer in mating pairs

formed with the mutant strain AM3001 as re-
cipient, we compared the gradient of transmis-
sion of Hfr donor markers in crosses with the
mutant and its parent as recipients. In the
mutant strain AM3001, the gradient of trans-
mission of Hfr R4 donor markers was similar to
that in the parental strain (Fig. 3). This ap-
peared in crosses performed in liquid medium
as well as on membrane filters. The similarity
in gradient of transmission suggests that,
whereas the preliminary specific mating pairs
with the mutant recipient are very weak, the
effective mating pairs once formed are as resist-
ant to disrupting forces as mating pairs formed
with the parental recipient.

Specificity of the mutant. Sex pili are in-
volved in mating pair formation (18). There are
at least two kinds of sex pili, F-like and I-like,
which differ in their serology and adsorption
activities to male-specific phages (12). The mu-
tant strain AM3001 was isolated by selecting
for conjugation deficiency with donor cells
carrying sex pili specified by an F factor. It is
therefore possible that the mutant is impaired
specifically in crosses with F-type donor
strains. We tested the specificity of the defect in
recipient ability by using as a donor strain I5-3,
carrying a derepressed colI factor (R144drd3)
and I-like sex pili. Strain I5-3 transferred the
colI factor to a colicin I-resistant derivative of
strain AM3001 (AM3003) as well as it did to a
colicin I-resistant derivative of the parental
strain (AM3002). The colicin-resistant deriva-

TABLE 4. Mating pair formation in crosses with
AM3000 and AM3001 as recipient strains"

No. of colonies Ratio
sectored

nies colonies/
tLac+ do Lac- re- with Lac- re-

nor cipient many colpentcoloniessec-
tors

AM3000 1,638 1,528 98 6.4
AM3001 2,606 1,556 2 0.1

a A Lac+ donor strain Hfr R4 was used in all
crosses, which were performed as described by Skur-
ray et al. (22).
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tive of AM3001 was still Con- in crosses with F-
type donor cells. The mutant strain apparently
is still conjugation proficient with a strain
carrying I-like sex pili. To test the conjugation
ability with a donor strain carrying F-like pili,
we used strain x-1100 carrying the derepressed
R factor R100-1 and pili that are serologically
different from pili specified by the F factor.
R100-1 was transferred equally well to the mu-
tant recipient and to the parental recipient.
The Con- mutant AM3001 is thus specifically
disturbed in crosses with donor cells carrying
an F factor.
Growth. The mutant grew as well as the

parental strain on peptone-yeast agar plates
and in peptone-yeast broth at 30, 37, and 42 C.

Resistance to detergents, bile salts, and an-
tibiotics. E. coli F- mutants impaired in mat-
ing pair formation are thought to be cell enve-

107

107 m

o \

c~ \
0

.0e 105 A

C104 - \

marker distance
FIG. 3. Gradient of transmission curves. The gra-

dient of transmission for donor markers in crosses
with AM3000 (-, 0) and AM3001 (A, A) as recipi-
ents and HfrR4 strain PCO031 as donor. Mating was
performed in liquid medium (closed symbols) as well
as on membrane filter (open symbols). Mating was in-
terrupted by violent agitation after a 45-min transfer.
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lope mutants (16, 18, 23). Most cell envelope
mutants showed an altered susceptibility to de-
tergents, bile salts, and/or antibiotics (3, 25,
33). We found that AM3001 was not altered in
sensitivity to the detergents sodium dodecyl
sulfate (SDS) and deoxycholate, to bile salts in
MacConkey medium, or to the antibiotics peni-
cillin G, vancomycin, novobiocin, amoxycillin,
ampicillin, and methicillin.
Phage resistance. AM3001 was tested for al-

tered phage susceptibility. We tested the sensi-
tivity for a number of phages: T2, T3, T4, T5,
T6, T7, X, C 21, K3, and X. There was no differ-
ence in phage sensitivity in comparison with
the parental strain except for phage X, which
presumably uses motile flagella as receptor
(21). AM3001 appeared to be less motile than
AM3000, as shown by light microscopy. Further
investigation showed that Con+ transductants
of strain AM3001 were still X resistant.
Outer membrane protein and sugar compo-

sition of LPS. Many cell envelope mutants
have an altered outer membrane protein or

sugar composition of LPS or both (11, 17, 22,
25). The outer membrane protein composition
of AM3001 was not different from that of the
parental strain, as shown by SDS-gel electro-
phoresis. The sugar composition of LPS was

unchanged as well.
Genetical characterization. The mating fre-

quency of AM3001 was sufficient to permit lo-
calization of the mutation by conjugation. Re-
cipient ability was tested in a screening method
described in Material and Methods. From the
linkage data presented in Table 5, we conclude
that the lesion is localized in the 17- to 21.5-min
region of the E. coli map (26). To map the
mutation more precisely, the transduction tech-
nique was used. Since strain AM3001 is P1

TABLE 5. Genetic analysis of transconjugants from
crosses between Hfr donor strains and AM3004"

Unse-
Donor Mating type Selected trans- lected Link-

conjugant charac- age (%)
ter

AM1034 HfrH gal + strA Con+ 4
PCO031 Hfr R4 thr+ leu+ strA Con+ 0
PC0515 Hfr KL16 his+ strA Con+ 0

gal+ strA Con+ 48
gal+ strA his+ 36

PC0441 Hfr B7 gal+ strA Con+ 52
PC1837 Hfr KL99 his+ strA Con+ 0
PC0617 Hfr Cav thr+ leu+ strA Con+ 0

a Twenty-five transconjugants from each cross were
tested for recipient ability in the screening test for mating
ability as described in the text. The reliability of the screen-
ing test was checked by testing a representative number of
Con+ scored transconjugants for mating frequency in a con-
jugation experiment. The screening test appeared to give no
false scores.

resistant, it was made sensitive for the trans-
ducing phage P1 by selecting argE + strA trans-
conjugants from a cross of Hfr KL14 and
AM3001 and electing a P1-sensitive Con- re-

combinant. From the P1-sensitive Con- strain
AM3005, a pyrD derivative (AM3006) was iso-
lated after mutagenesis and penicillin enrich-
ment. The Con- mutation was found to be co-

transducible with pyrD. Fifteen of 40 pyrD+
transductants appeared to be Con+ (Table 6).
From this transductional cross, a Con-pyrD+
aroA - strain was isolated (AM3007) and used
as a recipient in another transductional cross
with phage P1 propagated in an aroA + strain
(PC0031). One of 36 aroA + transductants was
Con+. From these results and from the observa-
tion that the con + allele is not introduced by
Hfr KL99 (Table 5), we conclude that the muta-
tion is located between pyrD and the origin of
Hfr KL99, with a distance of about 0.5 min from
pyrD (26).

DISCUSSION
Until now the procedures for the isolation of

conjugation-deficient F- mutants were based
on the assumption that they are cell envelope
mutants and as a consequence may be resistant
to antibiotics or phages. Con- mutants were

therefore isolated by preselecting phage-resist-
ant or antibiotic-resistant mutants (17, 20, 22;
L. Havekes, Mol. Gen. Genet., in press).
We used zygotic induction as an enrichment

procedure. This more direct procedure was ex-

pected to yield more specific mutants. A zygotic
induction procedure has been used by others,
but the method failed in that F' or F+ deriva-
tives of the recipient cells, formed during the
isolation procedure, outnumbered conjugation-
defective mutants (20). The same problem in-
terfered with isolation procedures by lethal zy-
gosis (24). In our hands the zygotic induction
procedure presented the same problem but
yielded a limited number of mutants. The pro-
cedure can be modified to a slightly more effi-
cient method by introduction of plasmid curing

TABLE 6. Genetic analysis oftransductants obtained
from Con- recipients'

P1 lysate Selected Unse- Link-
from: Recipient lectedfro:marker character age (%)

PC1524 AM3006 pyrD+ Con+ 37
pyrD+ aroA 10
pyrD+ aroA- Con+ 18

PCO031 AM3007 aroA + Con+ 3
" At least 25 transductants from each transduc-

tional cross were tested for recipient ability in a
screening test as described in the text.
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after each enrichment cycle (L. Havekes, un-
published data).
A mutant isolated by this direct method was

characterized as conjugation deficient in
crosses with donor strains carrying an F factor.
The reduction in frequency of transconjugant
formation varied from 30 to 60. In crosses with a

donor strain that carries a sex factor specifying
I-like or F-like pili, the mutant strain was as

good as the parental strain in recipient activity.
A specificity like that of the Con- mutant
AM3001 was also found with other Con- mu-

tants (Havekes et al., Mol. Gen. Genet., in
press). Direct and indirect evidence showed
that pair formation was defective in strain
AM3001.

In contrast to other Con- mutants in which a

defect in LPS sugar composition and outer
membrane protein composition was shown, we

did not find any defect. It should be stressed,
however, that outer membrane protein compo-

sition was tested by an SDS-gel electrophoresis
method (15) with limited resolution power. In
fact, the mutant described in this paper does
not help to determine the chemical nature of
the receptor.
We tested the resistance or sensitivity for a

number of E. coli phages and antibiotics. With
the exception of phage X interaction, no differ-
ences between mutant and parent were found.
The resistance of the mutant toward phage X is
not linked to the Con- mutation and apparently
was introduced by chance.
The fact that phage pattern and antibiotic

susceptibility were unchanged in the mutant,
in contrast to other Con- mutants (20, 22), sug-

gests that the mutation in strain AM3001 is not
as pleiotrophic as the mutation in other Con-
mutants. The mutant may therefore be advan-
tageous for studies on the F-pilus attachment
site.
The con mutation in strain AM3001 was or-

dered on the E. coli map in the order origin
KL99-con-pyrD-aroA.- Another Con- mutant
was reported to have a mutation or lesion at 14
min on the E. coli chromosome map (7),
whereas the Con- mutant described by Reiner
(20) was reported to be altered in the region of
70 to 74 min. The heptoseless Con- mutants
described by Havekes et al. (Mol. Gen. Genet.,
in press) are impaired in mating pair forma-
tion, and their lesions are localized at the 6 to 9
and at the 71 min region of the E. coli chromo-
some, respectively. The scattering on the chro-
mosome ofmutations resulting in a Con- pheno-
type might, at first glance, imply that the recep-
tor structure is complex or that the receptor is
highly dependent on structural components in
its environment.
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