APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Feb. 1983, p. 644-650

0099-2240/83/020644-07$02.00/0
Copyright © 1983, American Society for Microbiology

Vol. 45, No. 2

Tn5-Induced Mutations in the Enterobacterial Phytopathogen

Erwinia chrysanthemit

ARUN K. CHATTERJEE,* KERRY K. THURN, anp DOROTHY A. FEESE
Department of Plant Pathology, Kansas State University, Manhattan, Kansas 66506

Received 5 August 1982/Accepted 21 October 1982

Escherichia coli (2492/pJB4JI) matings with Erwinia chrysanthemi produced
kanamycin resistant (Km") transconjugants, a majority of which were gentamicin
sensitive (Gm®). A small proportion (about 0.8%) of the Km" Gm® clones were
either auxotrophic or failed to catabolize galacturonate (Gtu™). The R plasmid
(pJB4JI) DNA was detected in the parent E. coli strain and in a Km" Gm"
transconjugant, but not in Km" Gm?® E. chrysanthemi strains carrying Tn5-induced
mutations. In Hfr crosses, Km" (Tn5) was found linked with most mutations. A
majority (>95%) of prototrophic recombinants were Km®, except for Leu* and
Arg® recombinants which were 30 to 50% Km®. Spontaneous revertants were
obtained for all markers except car, gtu, lys, thr, and trp. Prototrophic revertants,
with the exception of Met™, Leu™, or His™ clones, were Km®. We conclude from
both genetic and physical data that Tn5 transposed from pJB4J1 into different sites
on the chromosome of E. chrysanthemi.

Transposable elements that encode drug
resistance are powerful tools in microbial genet-
ics. Insertion of such transposable elements into
genomes can cause mutations in which the mu-
tant allele is linked to the selectable drug resist-
ance marker. Additionally, the use of drug-
resistant transposable elements allows gene
isolation and construction of deletion mutations
and Hfr strains (23, 34). All or some of these
possibilities have been realized in the enterobac-
teria Escherichia coli, Klebsiella pneumoniae,
and Salmonella typhimurium (1, 2, 12, 15, 23,
24, 29, 33) and in other bacteria such as Caulo-
bacter crescentus (18), Pseudomonas aerugino-
sa (26, 27), Rhizobium leguminosarum (3, 5), R.
meliloti (17, 28), Vibrio cholerae (21), and a
Vibrio sp. (36).

The use of drug-resistant transposable ele-
ments is particularly attractive in studies of
pathogenic bacteria. Avirulence resulting from
conventional chemical or radiation mutagenesis
is a nonselectable phenotype. Aside from the
problem of multiple mutations, genetic analysis
of radiation- or chemical-induced mutations in
pathogenicity genes is impossible unless the
mutation is linked to a marker that has a select-
able phenotype. In contrast, genetic analysis
would be feasible in mutations affecting viru-
lence which result from the insertion of a drug-
resistant transposable element. In plant patho-
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genic systems, transposable elements have been
exploited to some extent in genetic investiga-
tions and in the elucidation of pathogenic mech-
anisms. These include the elucidation of some of
the functions specified by plasmids and chromo-
somes of Agrobacterium tumefaciens and A.
rhizogenes (19, 20, 22, 31, 37), the isolation of
auxotrophic mutations in Pseudomonas solana-
cearum (4), the determination of the plasmid
location of iaaM, a gene locus for tryptophan
monooxygenase which is required in indoleace-
tic acid biosynthesis in Pseudomonas syringae
pathovar savastanoi (13), and the detection of
the Tra* phenotype in a native plasmid of P.
syringae pathovar tabaci (32).

The chromosomal genetics of Erwinia chry-
santhemi are the most thoroughly investigated
among phytopathogenic bacteria (8, 10, 25, 35).
However, drug-resistant transposable elements
have not been exploited to further genetic
knowledge. In this report we provide genetic
and physical evidence for mutations in biosyn-
thetic and catabolic genes caused by the translo-
cation of Tn5 from plasmid pJB4JI to many sites
on the chromosome of E. chrysanthemi.

(A preliminary account of some of this work
has been reported [K. K. Thurn and A. K. Chat-
terjee, Abstr. Annu. Meet. Am. Soc. Microbiol.
1982, H79, p. 126].)

MATERIALS AND METHODS

Bacterial strains. The E. chrysanthemi strains and
plasmid-bearing strains of E. coli used in this study are
listed in Table 1. Tn5 insertion mutations were ob-
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TABLE 1. Bacterial strains
Strain® Characters Source or reference
EC16 Wild-type, prototrophic, virulent, Pat*, Hpg*, (7)
Prt*, Plc*, Lac™
AC4150  Same as EC16, also Nal" Selection for spontaneous resistance to nalidix-
ic acid
AC4052  Hfr-8, prototrophic, Lac™*, Str® 9)
AC4074 thr-1 his-1 trp-1 Str* Nal” @
AC4100  thr-1 his-1 trp-1 met-1::Tn5 (Km") Str* Nal Tn5 transposition in AC4074 (this paper)
AC4104  thr-1 his-1 trp-1 arg-1::Tn5 (Km") Str* Nal" Tn5 transposition in AC4074 (this paper)
AC4106  thr-1 his-1 trp-1 gua-1::Tn5 (Km") Str* Nal" TnS transposition in AC4074 (this paper)
AC4114  car-5::Tn5 (Km") Nal* TnS transposition in AC4150 (this paper)
AC4116  cys4::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4117  his-2::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4122  gtu-4::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4126  lys-3::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4130  wra-4::Tn5 (Km") Nal" TnS transposition in AC4150 (this paper)
AC4131  ade-4::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4135  thy-2::Tn5 (Km") Nal" TnS transposition in AC4150 (this paper)
AC4148  trp-7::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4168  leu-6::Tn5 (Km") Nal" Tn5 transposition in AC4150 (this paper)
AC4169  thr-2::Tn5 (Km") Nal TnS transposition in AC4150 (this paper)
AC4170  Same as AC4150, also Gm" Km" (pJB4JI) Derived from a cross between AC8001 and
AC4150 (this paper)
AC8001  arg his lac Str'/Km" Gm" (pJB4JI=pPH1 Derived from cross between 1830/pJB4JI (3)

::Mu::TnS5)

and 2492 (7)

“ AC8001 is a strain of E. coli; all others are strains of E. chrysanthemi.

tained as described below. R plasmid-bearing strains
were kept at 4°C on L agar containing appropriate
antibiotics; all other bacterial cultures were main-
tained at 4°C on yeast-dextrose-CaCO; agar slants (7).
E. chrysanthemi strain AC4052 (Hfr8) (9) was grown
immediately before use on minimal lactose agar from
lyophilized cells.

Media. L, yeast-dextrose-CaCQOj3, and minimal me-
dia were described previously (7). The nutritional
requirements of putative auxotrophic mutants were
determined by using the protocol of Davis et al. (16).
The ability to ferment carbohydrates was tested on
indicator media (BTB-carbohydrate agar) composed of
proteose peptone no. 3, 10 g/liter; NaCl, 5 g/liter; beef
extract, 1 g/liter; carbohydrate, 10 g/liter; bromthymol
blue, 25 mg/liter; and agar, 15 g/liter. Extracellular
enzymatic activities were scored on the following
media: polygalacturonate-yeast extract agar (pH 7.5)
(9) for polygalacturonic acid trans-eliminase (Pat);
lecithin agar (11) for phospholipase C (Plc); and nutri-
ent gelatin (Difco Laboratories, Detroit, Mich.) agar
for protease (Prt). When required, media were supple-
mented with amino acids, purines or pyrimidines (50
png/ml), or kanamycin (50 pg/ml), nalidixic acid (50
wg/ml), or gentamicin sulfate (10 pg/ml).

Mating conditions. Crosses were done on mem-
branes or on L agar (7). The markers (auxotrophy or
drug susceptibility) used in counterselection of donor
and recipient cells and the procedures for the determi-
nation of the coinheritance of unselected markers are
noted in the text and in footnotes to Table 2.

Transpositional mutagenesis. The transposon TnJ,
which codes for kanamycin resistance, was introduced
into E. chrysanthemi (strain EC16 and its derivatives)
by using the R plasmid pJB4JI. This conjugative

plasmid, constructed and described by Beringer et al.
(3), encodes gentamicin and kanamycin resistance and
carries the Mu genome which has been inactivated by
TnS insertion. Although pJB4JI has a broad host
range, it is not maintained in many bacteria (3-5, 17-
19, 28, 37). Thus, in crosses involving pJB4JI, the
occurrence of Km" Gm® transconjugants indicates the
transposition of Tn5 and the loss of the plasmid. In
contrast, Km" Gm'" transconjugants are due to the
presence of the plasmid.

To obtain TnS5 transposition in E. chrysanthemi,
crosses were performed with the donor E. coli strain
(AC8001), harboring pJB4JI1, and the E. chrysanthemi
recipient strain (AC4150 or AC4074). Cells were
grown in L broth for approximately 6 h at 30°C. Mating
was initiated by spotting an appropriate volume (usual-
ly 0.1 ml) of cultures on L agar to yield a ratio of 1:1 of
donor to recipient cells. L agar containing only the
recipient or the donor cells served as control. After 18
to 24 h of incubation at 30°C, cells were removed and
suspended in 55 mM potassium phosphate buffer, pH
7.2. A sample (usually 0.1 ml) of the cell suspension
was spread on L agar plus kanamycin and nalidixic
acid or BTB-carbohydrate agar plus kanamycin and
nalidixic acid. Controls were treated similarly. Donor
cells were counterselected by nalidixic acid, and recip-
ient cells were counterselected by kanamycin. After 3
to 4 days of incubation at 30°C, Km" transconjugants
were patched on L agar plus kanamycin and nalidixic
acid, L agar plus kanamycin, nalidixic acid, and genta-
micin, polygalacturonate-yeast extract agar plus kana-
mycin and nalidixic acid, nutrient gelatin agar plus
kanamycin and nalidixic acid, lecithin agar plus kana-
mycin and nalidixic acid, and minimal agar plus kana-
mycin and nalidixic acid. After 12 to 16 h of incubation
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TABLE 2. Frequency of prototrophic recombinants in crosses between donor strain E. chrysanthemi Hf!'8
(AC4052) and Tn5-induced auxotrophs, linkage between auxotrophy and kanamycin resistance, and reversion
of Tn5 insertion mutations®

Coinheritance of
Km® in prototrophic
recombinants

Frequency of Spontaneous reversion

Recipient strain (relevant Phenotype transfer (no. of
characters)® studied recombinants/input Proportion Km®
donor cell) No. tested K?:)’ Frequency® (no. tested/
no. Km®)

AC4100 (met-1::Tn5 Nal) Met* 1x107° 180 0 1x107° 5/0

AC4104 (arg-1::Tn5 Nal))  Arg* 2x107° 15 53 3 x 10710 717

AC4106 (gua-1::Tn5 Nal’) Gua™ 2x107¢ 90 99 3 x107° 29/29

AC4114 (car-5::Tn5 Nal) Car™* 5x107°¢ 90 9 <3 x 1071

AC4116 (cys4::Tn5 Nal) Cys* 7 %1078 84 99 6 x 1078 90/90

AC4117 (his-2::Tn5 Nal’) His* 2 x10°¢ 87 100 2x 10710 1/0

AC4122 (gtu-4::Tn5 Nal) Gtu* 8 x 10~° 8 100 <3 x 1071

AC4126 (lys-3::Tn5 Nal) Lys* 5x107° 90 98 <3 x 10710

AC4130 (ura-4::Tn5 Nal") Ura* 1x107¢ 12 100 2x 10710 1

AC4131 (ade-4::Tn5 Nal) Ade* 2x107° 102 100 6x107° 43/41

AC413S5 (thy-2::TnS Nal) Thy* 2x1078 14 100 9 x 1077 19/19

AC4148 (trp-7::Tn5 Nal) Trp* 6 x 1077 133 9 <3 x 10710

AC4168 (leu-6::Tn5 Nal) Leu” 7 x 107¢ 93 35 1x10°° 7/0

AC4169 (thr-2::Tn5 Nal") Thr* 8 x 107¢ 90 100 <3 x 1071

2 Crosses were done on membranes for 6 h at 30°C. For additional details, see Chatterjee (7). Donor cells were
counterselected by nalidixic acid (50 pg/ml). Auxotrophic requirement or the inability (of AC4122) to utilize D-
galacturonate as a carbon source was used in counterselecting recipient cells. Ade*, Car*, Cys*, His*, Leu™,
Lys*, Thr*, Thy*, Trp*, and Ura* recombinants were selected on minimal glucose agar plus nalidixic acid.
Arg*, Gua*, and Met* recombinants were selected on minimal glucose agar plus histidine, threonine,
tryptophan, and nalidixic acid. Gtu* recombinants were selected in minimal galacturonate agar plus nalidixic
acid. Prototrophic or Gtu* recombinants were patched on selective agar media in the presence or absence of
kanamycin (50 pg/ml). Growth was scored visually after overnight incubation at 30°C. The frequency of
spontaneous reversion was determined by growing about 108 cells of test bacteria to saturation (ca. 5 x 10° cells
per ml) in L broth at 30°C, collecting the cells by centrifugation, washing the cells in 55 mM phosphate buffer, pH
7.0, suspending the cells in approximately one-fifteenth of the original volume in phosphate buffer, and spreading
a sample of the suspension on selective media without nalidixic acid. To determine the number of viable cells, the
suspension was serially diluted in phosphate buffer, and samples (0.1 ml) of appropriate dilutions were plated on
L agar. The frequency of reversion is expressed as the number of revertants per input viable cell of the test
strain. Kanamycin susceptibility in revertants was determined by patching prototrophic or Gtu* clones on media

(see above) in the presence or absence of kanamycin (50 pg/ml).

b See Table 1 and text for the details of construction and properties of the strains.

< A value of <3 x 10~ '° means that no colonies appeared on the selection plates. This value represents the
lower limit for the detection of prototrophic revertants under the experimental conditions used.

at 30°C, the colonies were scored for Plc (11) and Pat
activity (9). Prt activity was scored by flooding nutri-
ent gelatin agar plates with acidic mercuric chloride
(14) after 48 h of incubation. Growth of colonies on
drug-supplemented L or minimal agar was assessed by
visual examination after 24 h of incubation. Clones
that were Km" Gm® and either auxotrophic, Pat™,
Plc™, Prt™, or altered in any other recognizable pheno-
type were purified by single-colony isolation on L agar
plus kanamycin and nalidixic acid. Several single
clones of each putative mutant were tested for Km',
Gm?®, and the mutant phenotype. One mutant clone per
phenotype was retained for further studies.

Plasmid isolation. Plasmid DNA was extracted by a
slightly modified procedure described by Casse et al.
(6). Bacteria were grown overnight (ca. 16 h) in L
broth (5 ml) at 30°C and harvested by low-speed
centrifugation at room temperature. Cells were sus-
pended in 150 pl of TES (0.05 M Tris-hydrochloride,
0.005 M EDTA, 0.05 M NaCl, pH 8.0), and 2.9 ml of
lysing buffer (1% sodium dodecyl sulfate in TES

buffer, pH 12.45) was added and gently mixed. After
incubating for 30 min at 34°C, 180 nl of 2 M Tris-
hydrochloride, pH 7.0, was added. The sample was
mixed by gentle inversions of the tube for 3 min.
Sodium chloride (final concentration, 3%) was added,
and the contents were gently mixed. Three milliliters
of phenol saturated with 3% NaCl was then added, the
contents were mixed by repeated inversions of the
tube for 3 min, and the resulting suspension was
centrifuged for 10 min (10,000 X g) at 4°C. The
aqueous phase was collected, and 0.1 volume of 3 M
sodium acetate was added. After gentle mixing, 2
volumes of cold ethanol (—20°C) was added, and the
sample was stored overnight at —20°C. The precipitat-
ed DNA was recovered by centrifugation (15,000 x g,
0°C) for 10 min, and the supernatant was discarded.
The residual ethanol was allowed to evaporate and the
DNA was suspended in 100 pl of TES buffer. DNA
samples were analyzed by agarose gel electrophoresis
either immediately or after storage at 4°C.

Agarose gel electrophoresis. Ethanol-precipitated
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FIG. 1. Agarose gel electrophoresis of ethanol-pre-
cipitated DNA preparations of E. coli strain AC8001
(pIB4JI) and E. chrysanthemi recipients and transcon-
jugants. Lanes 2 and 11, E. coli strain AC8001
(pJB4JI); lane 3, the parent E. chrysanthemi strain,
AC4150; lanes 4, 5, 6, 8,9, and 10, Km" Gm® transcon-
jugants AC4114, AC4116, AC4122, AC4126, AC4131,
and AC4169, respectively; lane 7, a Km" Gm" E.
chrysanthemi transconjugant, AC4170. Lanes 1 and 12
contain molecular size markers (38, 60, and 120 mega-
daltons). The plasmid isolation procedure and condi-
tions of agarose gel electrophoresis are described in
the text.

DNA preparations from cell lysates were examined by
electrophoresis in 0.7% agarose (Sigma Chemical Co.,
St. Louis, Mo.) dissolved in a Tris-borate buffer (89
mM Tris base, 2.5 mM disodium EDTA, 8.9 mM boric
acid), as described by Meyers et al. (30). A drop of dye
solution consisting of 20% (wt/vol) glycerol, S M urea,
0.25 M disodium EDTA, 10% (wt/vol) sodium dodecyl
sulfate, and 0.025% (wt/vol) bromophenol blue was
added to each DNA sample just before electrophore-
sis. Horizontal gel electrophoresis was done at 150 V
for 2 to 3 h. The gel was stained in a solution of
ethidium bromide (0.2 g/ml) for a minimum of 30 min
before photographing.

RESULTS

In crosses with an E. coli (AC8001) donor,
kanamycin-resistant transconjugants of E. chry-
santhemi were obtained at a frequency of about
7 x 107 per recipient cell; conversely, Km"
Gm' clones were detected at a lower frequency
(=2 x 1078 per recipient cell). A proportion (1 to
2%) of the Km" Gm® transconjugants were either
auxotrophic or altered in another phenotype.
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From several independent crosses a number of
Pat™, Pic™, Prt™, Gtu™ (i.e., failed to utilize
galacturonate as a carbon source), and auxotro-
phic mutants were obtained. These auxotrophs
were characterized as Ade™, Arg™, Car™, Cys™,
Gua~, His™, Leu™, Lys™, Met™, Thr™, Thy~,
Trp~, or Ura™. The nutritional requirements of a
small proportion of auxotrophic mutants could
not be determined.

We then examined cell lysates from represen-
tatives of transconjugants that were Km" Gm®
and concomitantly auxotrophic, Gtu~, Pat™,
Plc™, or Prt™ for the presence of pJB4JI DNA.
Figure 1 shows that plasmid DNA was present in
the E. coli donor strain (AC8001) and a Km" Gm"
clone of E. chrysanthemi but not in auxotrophic
or Gtu~ strains of E. chrysanthemi that were
Km" Gm®. Plasmid DNA was also not detected
in Km" Gm® strains that were Pat™, Plc”, or Prt~
(detailed data not presented). This observation
strongly suggested that the plasmid, pJB4JI, was
unstable in E. chrysanthemi and that the Km"
transconjugants resulted from transposition of
TnS from pJB4JI into the chromosome of E.
chrysanthemi, producing either various classes
of mutations (viz., auxotrophy, Pat™, Prt~,
Plc™, or Gtu™) or causing no detectable pheno-
typic change (i.e., silent transposition).

To confirm this hypothesis, we determined
the linkage between Km" and the mutational
phenotype. A majority of prototrophic recombi-
nants derived from Hfr crosses also were Km*®
(Table 2), indicating linkage between Tn5 and
the mutational phenotype. We might note that
although 98% of the prototrophic recombinants
for ade, car, cys, gtu, gua, his, lys, thr, thy, trp,
or ura were Km® (Table 2), only about 53% of
the Arg* recombinants and 35% of the Leu®*
recombinants were Km°®. An exception to that
pattern was noted with the strain AC4100, which
was isolated as Met™ and concomitantly Km*
(Table 1). In this instance, none of the Met*
recombinants tested was Km® (Table 2).

Reversion to prototrophy was detected with
Ade™, Arg™, Cys™, Gua™, His™, Leu™, Met™,
Thy~, and Ura~™ mutants but not with Car™,
Gtu~, Lys™, Thr™, or Trp~ mutants; the fre-
quency of reversion varied considerably (in
some cases up to 1,000-fold) depending on the
mutation (Table 2). Although a majority of the
Ade* revertants and all of the Arg*, Cys*,
Gua*, Thy*, or Ura™ revertants tested were
Km?, the His*, Leu*, Met*, and some of the
Ade* revertants remained Km'. The possible
genetic mechanisms for the Km" phenotype of
these revertants and some of the prototrophic
recombinants (see above) are discussed below.

The data summarized in Table 2 show that the
frequency of prototrophic recombinants in
crosses between the Hfr donor and various
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recipient strains varied depending on the mark-
er. For example, Met* recombinants occurred
at high frequency (ca. 103 per input donor cell)
compared with Gtu* or Thy* recombinants (ca.
10~? per input donor cell). In an earlier report
(9), it was shown that this Hfr strain (Hfr8)
transferred chromosomal markers in a polarized
manner; leut, a proximal marker, was trans-
ferred at a high frequency and gtu*, a terminal
marker, was transferred at a low frequency.
Thus, the gradient of marker transfer (Table 2)
suggests that TnS insertion produced mutations
in gene loci that were scattered over the entire
chromosome of E. chrysanthemi.

DISCUSSION

A primary objective of this work was to
determine whether the transposition of TnS from
the plasmid, pJB4JI, into the genome of E.
chrysanthemi occurred. We showed that the
plasmid, transferred from an E. coli strain
(AC8001), produced Km" Gm® transconjugants
of E. chrysanthemi at a high frequency. In such
crosses, Km" Gm" transconjugants occurred at a
much lower frequency (about 100-fold). Al-
though Km" Gm" transconjugants of E. chry-
santhemi maintained pJB4JI as a plasmid (Fig.
1) under selective conditions, the loss of the
plasmid occurred at a high frequency in the
absence of drug selection (detailed data not
presented). These observations collectively indi-
cate the inability of the bacterium to maintain
the plasmid. Similar observations have been
noted in a variety of bacterial species such as A.
tumefaciens (19), A. rhizogenes (37), C. crescen-
tus (18), P. solanacearum (4), R. legumino-
sarum, R. phaseoli, R. trifolii (3), and R. meliloti
(17, 28). Moreover, in these species, TnS insert-
ed into either plasmid or chromosomal genomes.
The instability of pJB4JI in these bacterial spe-
cies apparently results from the presence of the
Mu genome (3, 18). A similar situation may
prevail in E. chrysanthemi. However, since we
have not investigated this aspect any further, at
present we cannot explain the molecular basis
for the inability of E. chrysanthemi to maintain
pJB4JI.

Despite the uncertainty of the mechanism of
replication (or segregation) of pJB4J1 in E. chry-
santhemi, our data demonstrate transposition of
Tn5 into various sites on the chromosome of this
bacterial species. (i) Km" Gm® clones, regardless
of the mutational phenotype, lacked pJB4JI
DNA, whereas the parent E. coli donor and the
Km" Gm" transconjugant of E. chrysanthemi
possessed the plasmid DNA (Fig. 1). (ii)) Km"
was linked with the mutational phenotypes,
since most prototrophic recombinants or rever-
tants were simultaneously Km® (Table 2). (iii)
Insertions of TnS caused changes in an array of
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bacterial phenotypes (Ade™, Arg™, Car™, Cys™,
Gtu~, Gua~, His™, Leu”, Lys™, Met™, Thr™,
Thy~, Trp~, or Ura™). Based upon our observa-
tions on the gradient in the frequency of recom-
binants of Tn5-induced markers and by taking
into consideration the location of various chro-
mosomal markers (7-10, 25), the data are best
explained by Tn5 insertions into different re-
gions on the chromosome of E. chrysanthemi.
The linkage data from Hfr crosses (Table 2) also
indicate that 11 of 14 different classes of muta-
tions resulted from single-site insertions of TnS5.

The data (Table 2) also show that although
most markers spontaneously reverted to proto-
trophy, others (i.e., car, gtu, lys, thr, and trp)
did not revert. In other bacterial systems (see
reference 18), Mu insertion mutations do not
revert. With pJB4JI, Meade et al. (28) observed
that a certain proportion of putative Tn5 inser-
tion mutants of R. meliloti also carried the Mu
sequence. Thus, the possibility remains that the
nonreverting TnS insertion mutations in E. chry-
santhemi may also carry the Mu sequence. This
possibility is currently under investigation.

The Km" phenotype of the His* or Ade*
revertants is somewhat unusual since all of the
prototrophic recombinants for these markers
were Km?® (Table 2). One possible explanation
could be that the spontaneous excision of Tn5
DNA in certain cases is accompanied by the
insertion of the transposon into a second site,
thereby preserving the Km" phenotype among
prototrophic recombinants.

The basis for the segregation of the Km'
phenotype among Arg* and Leu* recombinants
(Table 2) and the preservation of the Km" pheno-
type in Leu™ revertants (Table 2) is also not
clear. It is possible that the arg-1 (AC4104) and
leu-6 (AC4168) strains may carry double Tn5
insertions that are partially linked; in the arg-/
strain, Tn5 copies may be more closely linked
(perhaps in tandem) than in the leu-6 strain. This
hypothesis is supported by coinheritance fre-
quencies in the Hfr crosses (Table 2): a higher
proportion (about 53%) of Arg* recombinants
become concomitantly Km® compared with
Leu* recombinants, about 35% of which were
Km®. Similarly, the met-1 (AC4100) strain may
contain at least two copies of Tn5 that are
unlinked; one may have inserted into a met gene
causing the Met™ phenotype, and the other may
have inserted into a region which did not pro-
duce a discernible phenotypic change (a silent
mutation). This hypothesis is also supported by
the phenotype of Met* revertants which, like
the Met* recombinants, remained Km" (Table
2). In the same way, our inability to determine
the nutritional requirements of certain auxo-
trophs may be related to multiple insertions of
Tn5. Clearly, additional studies will be required
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to clarify the genetic mechanisms of these un-
usual phenotypes.

The scattered insertion of TnS into the chro-
mosome of E. chrysanthemi offers new possibili-
ties for genetic analyses of this important bacte-
rial phytopathogen. For example, Tn5-induced

mutations should prove valuable in elucidating’

the functions of extracellular enzymes (Prt, Plc,
and the pectolytic enzyme, Pat) in plant disease.
We have already detected the occurrence of
TnS-induced nonpectolytic or nonproteolytic
mutants (A. K. Chatterjee and K. K. Thurn,
manuscript in preparation). By exploiting TnS
mutagenesis, it also should be possible to identi-
fy additional pathogenic determinants, such as
bacterial cell surface components. The use of
transposable elements to isolate different Hfr
strains, as in S. typhimurium (12), should now be
possible in E. chrysanthemi by using a transmis-
sible plasmid carrying the Tn5 DNA. Indeed, we
have constructed an F’ plasmid that carries both
Tnl0 and Tn5 (Chatterjee and Thurn, in prepara-
tion). This plasmid has enabled us to obtain Hfr-
type donor strains with different origins of chro-
mosome transfer in E. chrysanthemi strains
carrying chromosomal TnS5 insertions. These
developments should facilitate the construction
of a gene linkage map and genetic analysis of the
pathogenic determinants of the soft-rot bacteri-
um, E. chrysanthemi.
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