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by loss of kanamycin resistance conferred by Tn5, indicating linkage

of Tn5 to mutant phenotypes.

P.s. pv. syringae virulence mutant PS9021 was also deficient in

the ability to induce the hypersensitive reaction (HR) in tobacco.
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TRANSPOSON-INDUCED NUTRITIONAL AND VIRULENCE MUTANTS
IN TWO PATHOVARS OF PSEUDOMONAS SYRINGAE

CHAPTER I

GENERAL INTRODUCTION

Pseudomonas syringae pv. syringae Van Hall is a wide host range

phytopathogen that induces in bean (Phaseolus vulgaris L.) a disease

called bacterial brown spot, which is characterized by irregular

necrotic lesions which are neither watersoaked nor chlorotic (32).

Although disease symptoms in some plant species [e.g. holcus spot of

maize and systemic necrosis of cowpea (20)] are linked to the

bacterial production of the non-specific toxin, syringomycin (SR),

strains which do not produce SR have been found to be pathogenic on

other plant species (reviewed in 20). Pseudomonas syringae pv.

phaseolicola (Burkholder) Young et al., causal agent of halo blight

of bean, has a very narrow host range, predominantly in the plant

genus Phaseolus (6,35). Chlorotic halos characteristic of the disease

are due to the bacterial production of phaseotoxin (27,33,34), an

inhibitor of ornithine carbamoyltransferase (33,34). Enzyme

inhibition results in a phenotypic deficiency of arginine (31), and

ultimately leads to a reduction in chlorophyll synthesis (34),

resulting in leaf chlorosis.

Advances in molecular genetics provide new methodologies with

which to study the biochemistry and physiology of plant pathogenesis.

Since bacteria are biochemically, genetically, and experimentally easier

to manipulate than eukaryotic organisms, these techniques have been
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used most effectively in the analysis of phytopathogenic bacteria.

The most intensively studied plant pathogenic bacterium is

.Agrobacterium tumefaciens (Smith & Townsend) Conn, causal agent of

crown gall disease (for a recent review, see ref. 21).

After the role of tumor-inducing (Ti) plasmids in crown gall

tumorigenesis was elucidated (38-40), researchers naturally started

to investigate the role of plasmids in the virulence of other plant

pathogenic bacteria. In Pseudomonas syringae pv. savastanoi (Smith)

Young et al., genes coding for enzymes involved in the synthesis of

3-indoleacetic acid (IAA), a determinant of gall formation, have been

located on plasmid pIAAl (10,11). Plasmid roles in the production of

the phytotoxins syringomycin and phaseolotoxin in P. syringae pv.

syringae Van Hall and P. syringae pv. phaseolicola (Burkholder) Young

et al., respectively, were implicated (16,18), but further studies

showed that toxin production could not be correlated with the

presence of plasmids in these pathogens (19,22). Since plasmids are

relatively easy to manipulate, identification of plasmids involved in

pathogenesis would certainly simplify the isolation of virulence genes.

There are other straightforward methods for identifying disease

determinants in bacterial phytopathogens. One procedure which has

proven to be successful is the isolation of mutants using transposon

mutagenesis.

TranspOson mutagenesis utilizes naturally occurring mobile DNA

elements called transposons to mutagenize cells. These elements can

insert, or 'transpose', into DNA replicons without sharing extensive

sequence homology with the DNA at the site of insertion (8,24,25).

Transposon insertion into a gene results in loss of gene continuity,
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Figure I-1. Replicative model for transposition (36). (A) Opposite
DNA strands at the vector/transposon junction are nicked,
together with staggered cleavage of the target DNA; (B)
one DNA strand at each end of the transposon is joined to
the cleaved target DNA. (C) The replication forks created
at the junctions of the generated structure move inward
until they meet, producing a cointegrate structure of the
two replicons, containing two copies of the transposon.
(D) Subsequent resolution of the cointegrate structure
yields (E) the original donor replicon, and a target
replicon with inserted transposon and duplicated target
sequence.
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which is expressed as a mutation due to the loss of the function of

the intact gene. The drug-resistance transposons contain accessory

antibiotic-resistance genes, in addition to those needed for

transposition; in mutagenesis experiments, this antibiotic resistance

allows for genetic selection for transposon-containing cells (25).

Transposition requires the action of element-specific proteins

(transposases) which are thought to bind DNA sequences at the ends

of their respective transposons and mediate insertion into a site in

the DNA of the target replicon. There are two basic models for

transposition: replicative and conservative. In the replicative

model (36; Fig. I-1), single-strand cleavage at opposite ends of the

transposon and staggered cleavage in the target DNA molecule are

followed by joining of the exposed ends of the transposon with target

DNA strands. DNA replication forks are generated; bidirectional

replication proceeds until the forks meet, duplicating only the

transposon sequences and the target sequence split by the staggered

cut. The resultant cointegrate structure contains the original

transposon donor molecule, plus a second copy of the transposon

inserted into the target site. Recombination between the duplicate

copies of the transposon, either by homologous crossing-over, or by

site-specific recombination (1), separates the cointegrate into the

original donor replicon, and the target replicon containing a copy of

the transposon. In the conservative model (2; Fig. 1-2), both DNA

strands at the ends of the transposon are cleaved, followed by

insertion of the double-stranded transposon molecule into the

staggered cleavage site in the target DNA. Repair DNA synthesis fills

the single-stranded gaps in the target DNA, generating a duplication of
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Figure 1-2. Conservative model for transposition (2). (A) Both DNA

strands at the vector/transposon junction are cleaved,
together with staggered cleavage of the target DNA;
(B) single strands at each end of the transposon are
joined with the nicked target DNA; the gaps in the
target are filled in by repair DNA synthesis. Subsequent

ligation of free ends yields (C) the target replicon with
inserted transposon, and duplicated target sequence.
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the target sequence; the remainder of the donor replicon is destroyed.

Evidence supporting both models exists. The Tn3 family of transposons,

with their site-specific resolvase gene function (1,17), appear to

transpose via a replicative pathway, whereas many insertion sequence

(IS)-like transposons appear to use a conservative transposition

mechanism (3).

Some of the properties of drug-resistance transposons useful for

transposon mutagenesis are the ability of transposons to insert into

a large number of sites in the bacterial genome, complete loss of

function suffered by interrupted genes, and physical and genetic

linkage of the transposon to the mutant phenotype (25). Successful

use of transposon mutagenesis in bacteria requires an assay for the

phenotype of the targeted gene, a vector system for the introduction

of the transposon into the target bacterium, and selectable phenotypic

markers to separate transposon-containing recipient (target) cells

from donor cells. The nature of the DNA sequence recognized at the

target site is transposon-specific (8,25); some transposons insert

more randomly than others. For mutagenesis experiments, it is

desirable to use a transposon that inserts in as many sites as

possible in the genome, to increase the probability of insertion into

a particular gene of interest. For this reason, transposon Tn5 (2,3)

has been used extensively for transposon mutagenesis, due to its

relatively low specificity for a particular DNA sequence at the target

site.

The method of preference for introducing transposons into target

phytopathogenic bacteria has been the use of 'suicide' plasmid

vectors (3,25). A suicide plasmid vector is a plasmid that can
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transfer into a cell, but is not maintained, and thus is lost through

cell division. Transposition from the plasmid into the target genome

occurs in the short interim period prior to cell division. The

inability of the plasmid vector to be maintained can be due to

several factors, including: mutations affecting plasmid replication;

the presence of, and selection for, a plasmid residing in the recipient

bacterium that is incompatible with the incoming donor plasmid; the

integration of destabilizing factors into suicide plasmids; or

the lack of a functional plasmid origin of replication for the

recipient host (25,37). The widely used Tn5-containing suicide vector

pJB4JI (5) fails to become established in recipient bacteria due to

the integration of bacteriophage Mu (13). On the other hand, the

recently developed suicide vector pSUP1011 contains a narrow host

range origin of replication, preventing it from replicating in many

bacterial hosts.

Transposon mutagenesis has been used successfully in many

phytopathogenic bacteria for the generation of metabolic and virulence

mutations. In A. tumefaciens, the individual bioassay of several

thousand Tn5-containing isolates yielded several mutants affected in

crown gall tumorigenesis. Analysis of these mutants indicated that

genes involved in tumor induction resided in the chromosome, as well

as on the Ti-plasmid (14). Several tumor morphology and host range

mutations have been mapped to the transfer-DNA (T-DNA) region of

Ti-plasmids using transposon mutagenesis (15,26,29,30). These

analyses have resulted in detailed physical and genetic maps of this

region of the Ti-plasmid. In Pseudomonas solanacearum (Smith) Smith

(7), Erwinia chrysanthemi Burkholder et al. (9), and E. carotovora
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pv. carotovora (Jones) Bergey, Harrison, Breed, Hammer and Hamilton

and E. carotovora pv. atroseptica (Van Hall) Dye (41), several

auxotrophic and carbohydrate utilization mutants induced by Tn5

insertion have been isolated. This indicates the success of

transposon mutagenesis in these organisms, and the potential for its

use in the generation of virulence mutations.

The objectives of this study were (i) to introduce transposon Tn5

into the genomes of P. syringae pvs. syringae and phaseolicola; (ii)

to isolate and characterize Tn5-induced mutant strains; (iii) to

isolate and clone the DNA at the site of Tn5 insertion from a Tn5

induced virulence mutant; (iv) to use the cloned mutant DNA to identify

and isolate a clone, containing wild type sequences homologous to the

sequences flanking the site of Tn5 insertion, from a wild type genomic

clone library; and (v) to complement the Tn5-induced virulence

mutation with the wild type clone, thereby identifying a wild type

virulence determinant. P. syringae pv. syringae strain R32, which does

not produce SR and is virulent on bean (28), and P. syringae pv.

phaseolicola strain LR700 (12), also virulent on bean, were the wild

type strains used in this study. Transposon Tn5 was introduced into

these strains during conjugation with Escherichia coli strain SM10,

containing the suicide plasmid vector pSUP1011 (37).
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CHAPTER II

THE USE OF TRANSPOSON MUTAGENESIS IN
THE ISOLATION OF NUTRITIONAL AND VIRULENCE

MUTANTS IN TWO PATHOVARS OF PSEUDOMONAS SYRINGAE1

INTRODUCTION

Modern molecular genetics provides the tools for the isolation

and characterization of the disease-causing determinants of plant

pathogenic bacteria. The elucidation of molecular mechanisms of

pathogenesis can eventually provide the basis for the divelopment of

effective disease control strategies. The successful application of

molecular genetics in the characterization of phytopathogenic bacteria

is best exemplified by recent advances in the study of the genetics of

Aarobacterium tumefaciens (for a review see ref. 28). For the

majority of bacterial plant pathogens, however, limited fundamental

genetic information is available (24), and modern genetic

analysis has not been pursued. Consequently, ther is a great need

for the generation and characterization of a variety of mutants in

these pathogens.

Transposon mutagenesis, which results in inactivation of a gene

by insertion of a drug-resistance transposable element (23), provides

a method for the generation of selectable, single-site mutations in

bacteria. Furthermore, mutants obtained by transposon mutagenesis are

1
Submitted for publication to Phytopathology
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ideal for subsequent molecular manipulation (23). This kind of

mutational scheme has been exploited in the genetic analysis of plant

pathogenic bacteria such as Agrobacterium spp. (17, 22, 35), Erwinia

spp. (8, 36), and Pseudomonas spp. (6, 9, 33).

Pseudomonas syringae pv. syringae Van Hall, causal agent of

bacterial brown spot, and P. syringae pv. phaseolicola (Burkholder)

Young et al., causal agent of halo blight in beans, are two

phytopathogens whose genetics have not been well developed (18, 25).

We sought to isolate genetic mutants with selectable phenotypes in

strains of these pathovars using transposon mutagenesis. Reported

here is the transposition of transposon Tn5 (4) into the genomes of

two strains, and the isolation and characterization of Tn5-induced

nutritional and virulence mutants. A preliminary report of a portion

of this work has been previously presented (2).

MATERIALS AND METHODS

Bacterial strains and plasmids. The strains and plasmids used in

this study are listed in Table II-1.

Media. MaNY medium (11) and LB medium (10 g/1 tryptone,

5 g/1 yeast extract, 5 g/1 NaCl) were used to culture bacteria. MaS

minimal medium, used for the screening of auxotrophs, has been

described (11). Media were supplemented, when appropriate, with

kanamycin (Km) (50)1g/m1), rifampicin (Rif) and streptomycin (Sm) (100

)tg/m1 each), chloramphenicol (Cm) (25),Lg/m1), or combinations of

these. MaNY and LB media were solidified with 1.5% agar. Noble agar

(Difco) was used to solidify MaS medium.
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Table II-I. Bacterial strains and plasmids

Strains Characters Source or Reference

Pseudomonas syringae

pv. syringae

R32

PS9020

wild type, prototrophic

same as R32; Smr

K. Rudolph

spontaneous in R32

pv. phaseolicola

LR700 wild type, prototrophic 12

PP7010 same as LR700; SmrRifr spontaneous inLR700

Escherichia coli

SMIO thi thr leu tonA lacY supE 32

chraRP4.2.Tc::Mu

Plasmids

pSUP101 Cmr(pACYC184.Mob) 32

pSUP1011 CmrKmr(pACYC184.Mob::Tn5) 32
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Genetic techniques. Bacterial conjugations between E. coli SMIO

(pSUP1011) and Pseudomonas recipient strains were performed on 3% agar

(LB) plates by mixing loopfuls of approximately 1010 cells from 3-day

old plates in a 1:2, donor:recipient ratio. Following incubation at

room temperature (22°C) for 4 hr, cells were suspended in LB medium

containing 0.01% Tween 80, serially diluted and plated onto MaNY

plates containing appropriate antibiotics to select for Tn5-containing

transconjugants and to counterselect against donor cells. Dilutions

were also plated onto LB agar plates containing appropriate

antibiotics and incubated at either 37°C overnight to determine viable

donor cell count, or at 22°C for 3 days to determine recipient cell

count. Following incubation at room temperature for 3 to 4 days,

kanamycin-resistant (Kmr) colonies were then transferred to MaNY and

MaS plates for further characterization, and to chloramphenicol-

containing MaNY plates to test for the presence of pSUP1011.

Kanamycin-resistant Pseudomonas derivatives which failed to grow

on unsupplemented MaS medium were characterized for specific

nutritional requirements by the method of Davis et al (13) on

supplemented MaS media. Reversion frequencies of putative auxotrophs

were determined by growing cells in LB medium to stationary phase,

washing with MaS medium, concentrating 100-fold, and plating onto MaS

minimal medium. Dilutions were prepared and plated onto LB agar to

determine viable cell count.

Bioassay. A leaf bioassay of Tn5-containing colonies on

Phaseolus vulgaris L. 'Red Mexican' UI-36 was used to screen for

mutants with altered virulence. Fresh 2- to 3-day old MaNY-grown

colonies were swabbed with a toothpick onto needle puncture wounds on
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young, expanding primary leaves. Wounds were wetted with a drop of

0.01 M phosphate buffer (pH 7.2) containing 0.2% Tween 80 prior to

application of mutant cells. Plants were incubated at 17°C under a 12

hr light/12 hr dark cycle. At day 10, symptoms were compared with

those of the wild type virulent strains. Following initial screening

with the needle puncture assay, putative mutants were tested using

more sensitive assays to distinguish relative differences in disease-

causing ability. Loopfuls of cells of P. syringae pv. syringae

isolates grown 2 days on LB medium were suspended in 0.01 M potassium

phosphate (pH 7.2), serially diluted, and 0.05-0.1 ml aliquots

forcibly injected with a hypodermic needle into the undersides of I-

to 2- wk old primary leaves of bean cultivar Red Mexican, until

temporary watersoaking was observed. Plants were incubated as

described above, and necrotic symptoms recorded after incubation for

3-5 days. For further characterization of P. syringae pv.

phaseolicola mutants, cells were suspended in 0.01 M phosphate buffer

(pH 7.2), cell densities adjusted to approximately 109 cells /ml using

standard turbidometric and dilution plating techniques, and

carborundum-dusted, expanding primary leaves of Phaseolus lunatus L.

PI 199791 (W-6 Regional Plant Introduction, Pullman, WA), which was

determined to be more susceptible to PP7010 than Red Mexican

(unpublished data), rubbed with a cotton swab dipped in the bacterial

suspensions (31). Following inoculation, plants were incubated at

100% RH in the dark at 17°C for 24 hr prior to subsequent incubation

as described above.

DNA isolations. Total DNA was isolated from Pseudomonas strains

by a procedure of Comai and Kosuge (10), as modified by Szabo and
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Mills (34). Plasmid DNA was isolated from E. coli following

amplification with spectinomycin or chloramphenicol by the cleared

lysate technique (20). DNA was further purified by equilibrium

centrifugation in cesium chloride-ethidium bromide (34). DNA was

precipitated following removal of ethidium bromide (13) and stored at

4°C. DNA fragments from agarose gels were isolated and purified by

electroelution, as described by Maniatas et al (26).

Restriction endonuclease digestion. Restriction endonuclease

EcoRI was purified as previously described (34) and used as described

by Davis et al (13). Conditions for restriction endonuclease

digestion with BglII and XhoI (PL Biochemicals, Milwaukee, WI) were

those specified by the manufacturer.

Agarose gel electrophoresis and DNA:DNA hybridization. Agarose

gel electrophoresis was performed as described by Szabo and Mills

(34). DNA fragments were transferred from agarose gels to

diazobenzyloxymethyl (DBM) paper following the procedure of Alwine et

al (1). Radioactively labeled DNA fragments were prepared by nick

translation (30) and hybridized to DBM blots at 42°C in 50% formamide

buffer (1) for 18 to 36 hr. Autoradiographs were prepared using Kodak

X-Omat x-ray film. Between hybridizations, hybridized DNA was washed

from blots with 0.4 N NaOH, followed by neutralization with several

distilled water washes and 0.1 M sodium phosphate, pH 7.0.

RESULTS

Transposition of Tn5. P. syringae pv. syringae PS9020

transconjugants with resistance to kanamycin and streptomycin were
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recovered at frequencies ranging from 0.7 to 3.8 x 10-5 per donor

cell, whereas P. syringae pv. phaseolicola PP7010 transconjugants

(KmrsmrRifr) arose at frequencies of 0.03 to 2.1 x 10-7 per donor

cell, in different conjugation experiments. None of the kanamycin-

resistant Pseudomonas transconjugants was resistant to chloram-

phenicol, indicating that Tn5 transposition had occurred, rather than

maintenance of the Tn5 donor plasmid, pSUP1011.

Auxotroph characterization. A number of auxotrophic mutants were

obtained from several independent conjugation experiments (Table II-

2). Auxotrophs characterized were adenine , arginine , cysteine ,

glutamine, isoleucine-valine-, leucine-, lysine- methionine-,

serine-, thiamine-, and tryptophan-. Tn5 insertions resulting in

auxotrophy in P. syringae pv. syringae PS9020 and P. syringae pv.

phaseolicola PP7010 were detected at frequencies of 0.5% and 0.6%,

respectively. Nutritional requirements of three auxotrophs could not

be determined using the procedure of Davis at al (13). All auxotrophs

except one (PP7012, Methionine-) retained symptom-producing capabil-

ities when bioassayed on bean leaves.

Reversion to prototrophy was tested to determine the stability of

Tn5 insertion, as well as the linkage of Kmr (conferred by Tn5) to mu-

tant phenotypes (Table 11-2). Most auxotrophs had low reversion rates

(<10-8), indicating stability of Tn5 insertion. A majority of proto-

trophic revertants were kanamycin-sensitive (Kms), indicating that Tn5

insertion was the cause of mutation to auxotrophy in these isolates.

Two auxotrophs (PS9513 and PP7512) yielded revertants which remained

Kmr. Reversion to prototrophy in PP7012 was also accompanied by

reversion to wild type symptom-producing capabilities in this strain.



Table 11-2. Reversion characteristics of Tn5-induced auxotrophs.

Strain
Mutant
Phenotypea

Reversion
Frequency

Revertant
Phenotype

PS9501 cys-Kmr 10-10 cys+Kms

PS9502 met-KMr <10-10 m et+Kms

PS9503 gln-Kmr 10-9 gln+Kms

PS9504 arg-Kmr 10-9 arg+Kms

PS9505 ade-Kmr 10-9 ade 1-Kms

PS9507 NDb,Kmr 10-10 prototrophic, Kms

PS9509 lys-Kmr <10-10 lys+Kms

PS9510 trp-Kmr 10-10 trp-1-Kms

PS9511 gln-KMr 10-6 gln+Kms

PS9513 ser-Kmr 10-7 ser+Kg

PS9514 arg-Kmr 10-9 arg 4-Kms

PP7504 ND, Kmr 10-9 prototrophic, Kms

PP7507 leu-Kmr 10-9 leu+Kms

PP7508 ade-KMr 10-9 adel-Kms

PP7012 met-Kmr 10-8 met+Kms

PP7510 arg-Kmr 10-9 are Kms

PP7511 ilv-Kmr 10-10 ilv+Kms

PP7512 arg-Kmr 10-7 arg+1<mr

PP7514 10-10 leu+Kms

22

aade, adenine; arg, arginine; cys, cysteine; gln, glutamine; ilv,
isoleucine-valine; leu-leucine; lys, lysine; met, methionine; ser,
serine; thi, thiamine; trp, tryptophan; Km, kanamycin; r, resistant;
s , sensitive.

bND, nutritional requirement(s) could not be determined.
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Characterization of virulence mutants. Several mutants were

isolated that failed to induce wild type symptoms when bioassayed on

wounded bean leaves. Mutants varied from those with almost complete

inability to induce symptoms (strains PS9021 and PP7011, Fig. II-1),

to those which induced mild symptoms. To further characterize

virulence levels in these mutants, more quantitative bioassays were

required, since the needle puncture bioassay was suitable only for

initial screening of mutants, not for differentiating among them. A

leaf injection bioassay was determined to yield reproducible results

when P. syringae pv. syringae was injected into the bean cultivar Red

Mexican. Mutant strains required 20-to 2000-fold greater inoculum

densities than strain PS9020 to induce necrosis (Fig. 11-2).

Symptom expression induced by P. syringae pv. phaseolicola

mutants was determined using the highly susceptible lima bean

(Phaseolus lunatus PI 199791) cultivar, due to variability in the

reaction of bean cultivar Red Mexican to both wild type and mutant

strains. When primary leaves of lima bean were swabbed with cell

suspensions of the various strains, a uniform distribution of

watersoaked lesions appeared on the leaves. The mutant strains

induced only 1% to 50% as many lesions as the wild type strain (Fig.

11-3).

Physical analysis of Tn5 insertions. To determine if a single,

random insertion had occurred in our strains, total genomic DNA from

several KmrCms colonies expressing virulence and nutritional mutations

was digested to completion with restriction endonuclease EcoRI,

electrophoresed, transferred to DBM paper, and hybridized to nick

translated pSUP1011 (Tn5) (Fig. 11-4). Only one band in each lane was
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Figure II-1. Symptoms of wild type and Tn5-induced mutant strains of
Pseudomonas syringae pvs. syringae and phaseolicola on Phaseolus
vulgaris 'Red Mexican'. A and B, symptoms induced by strains PS9020
(wild type) and PS9021 (mutant), respectively; C and D, symptoms of
strains PP7010 (wild type) and PP7011 (mutant), respectively.
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Figure 11-3. Number of watersoaked lesions/cm2 of leaf area of
Phaseolus lunatus PI 199791 after swab-inoculation (approximately 10'
colony-forming units/ml) of wild type (PP7010) and Tn5-induced mutants
of P. syringae pv. phaseolicola. Results are average of two
experiments, two replicates each.
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expected to hybridize to the probe, since Tn5 does not contain an

EcoRI recognition site (19). All of the isolates tested contained a

single band which hybridized strongly to the Tn5 probe; this band was

in a different location in each lane. In some DNA digests, a second

band also hybridized weakly to the Tn5 probe (Fig. 11-4, lanes

A,F,H,I). Hybridization of the blot to nick translated pSUP101, which

has homology with pSUP1011 but does not contain Tn5 (Table II-1),

showed no hybridization to DNA in any of the lanes except for the

control lane containing pSUP1011 (data not shown). This indicated

that the weak bands seen in the first hybridization were due to

secondary transposition of all or a part of Tn5.

In other Tn5 transposition experiments in E. coli (3) and

P. solanacearum (33), IS50 from the terminal inverted repeat region of

Tn5 (19; and Fig. 11-5) was reported to transpose independently. To

determine if this had occurred in those strains with secondary

hybridization bands, hybridization of the DBM blot to the internal,

non-IS50 portion of Tn5 (Fig. 11-5) was performed. A fragment with

this region of Tn5 was isolated by electroelution following digestion

of pSUP1011 with nick translated, and hybridized to the blot

(data not shown). Only the bands which strongly hybridized to

pSUP1011 (Fig. 11-4) hybridized to this internal Tn5 probe.

DISCUSSION

Conjugation of the suicide vector pSUP1011 (32) from Escherichia

coli donor strain SM10, into Pseudomonas syringae pv. syringae PS9020
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Figure 11-4. EcoRI digested total genomic DNA from Tn5-containing
auxotrophic and virulence mutants of Pseudomonas syringae
pathovars syringae and phaseolicola, hybridized to 32P-labeled pSUP1011
(Tn5) probe. (A) PS9021, (B) PS9023, (C) PS9024, (D) PS9510,
(E) PS9513, (F) PP7011, (G) PP7012, (H) PP7013, (I) PP7014; lane J,
Xhol - digested pSUP1011.
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kan ISSMSS53

Figure 11-5. Schematic diagram of Tn5 showing BglII restriction sites
in relation to the location of IS5OL and IS5OR. Adapted from
references 3 and 19.
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and P. syringae pv. phaseolicola PP7010, resulted in Tn5 transposition

into the genomes of these strains. Genetic and physical evidence

confirmed that random Tn5 transposition, and not maintenance of the

donor plasmid, pSUP1011, had occurred. Screening of Tn5-containing

isolates on appropriate media revealed that 0.5-0.6% of these isolates

had mutations resulting in auxotrophy. This frequency is consistent

with physical evidence for mutation rates in Tn5 mutagenesis

experiments in other organisms (6, 15, 27). Analysis of these

auxotrophs showed a wide range of nutritional deficiencies, consistent

with random insertion of Tn5 into the genomes of these bacteria. Loss

of kanamycin resistance, concomitant with reversion to prototrophy

(Table 11-2), showed linkage of mutant phenotypes to the Kmr

determinant of Tn5. In addition to auxotrophy, 0.3-0.4% of Tn5

insertion mutants assayed on Phaseolus vulgaris leaves showed reduced

or complete inability to incite disease symptoms (Fig. 11-1-3).

We infer from the hybridization data (see Fig. 11-4 and Results)

that transposition of IS50 from Tn5 occurred in some of the Tn5 -

containing isolates, since neither pSUP101 nor the internal, non-IS50

portion of Tn5 have homology with bands that weakly hybridize to

pSUP1011. A potential problem posed by this phenomenon is that

mutations due to IS50 insertion would not be linked to kanamycin

resistance, and would not be readily selectable. IS50 transposition

may have been the cause of auxotrophy in those strains whose

revertants remained Kmr. However, a vast majority (17/19) of

auxotrophs, upon reversion to prototrophy, also became Kms (Table II-

2), indicating linkage of Tn5 (Kmr) to the mutant phenotypes of these

isolates. Tn5 insertion was also the cause of both auxotrophy and
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lowered symptom-inducing capabilities in PP7012, as evidenced by

kanamycin sensitivity of revertants which were both prototrophic and

able to induce wild type levels of disease symptoms. There was no

direct method for testing reversion in the mutants with phenotypes

other than auxotrophy. Since it is clear that IS50 transposition has

occurred in some of the isolates, its involvement in experimental

anomalies cannot be ruled out in Tn5 mutational studies. Anomolous

results also reported during Tn5 mutagenesis of Rhizobium meliloti

(27) and Erwinia carotovora (36) could be explained by secondary

transposition of IS50. Indeed, it appears that secondary bands of E.

carotovora DNA hybridized weakly to Tn5 (36), as in our study (Fig.

11-4). Complementation of modified virulence mutants with cloned

genomic sequences from a clone library should elucidate the cause (Tn5

or IS50) of mutation in these strains. This work is being vigorously

pursued at the present time.

The isolation and characterization of Tn5-induced mutations with

selectable phenotypes in P. syringae pv. syringae and P. syringae pv.

phaseolicola provides enhanced opportunities for the study of the

genetics of these organisms. Tn5 transposition to many regions of the

genome is evidenced by the variety of mutants obtained (Table 11-2,

Fig. 11-2 and 3), and by the different location of EcoRI fragments

from various mutants hybridizing to Tn5 in blot hybridization analysis

(Fig. 11-4). Although mutants exhibiting a common nutritional

requirement (e.g., Leu-, Arg-; see Table 11-2) might suggest non-

random insertion of Tn5 into the genome, the different reversion

frequencies of these mutants (Table 11-2) suggest that different gene

loci have been affected. The occurrence of several Tn5-induced
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virulence mutants with insertions into different EcoRI fragments, as

well as the different responses of these mutants on bean leaves (Fig.

11-2 and 3), suggest that different genes involved in the virulence of

these organisms have been identified. The nature of the virulence

mutations in these strains is unknown; further characterization of the

nature of pathogenicity of these mutants, and the genetic sequences

identified, is needed. Our results suggest that pSUP1011 may be

useful in transposon mutagenesis of other P. syringae pathovars.

Detailed mutational analysis of the diverse P. syringae group of plant

pathogens should lead to an enhanced understanding of the genetics and

molecular nature of pathogenicity of these bacteria.
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CHAPTER III

MOLECULAR CLONING OF PSEUDOMONAS SYRINGAE PV. SYRINGAE SEQUENCES
ESSENTIAL FOR VIRULENCE AND INDUCTION OF HYPERSENSITIVITY

INTRODUCTION

Pseudomonas syringae pv. syringae (P.s. pv. syringae), a wide

host range bacterial phytopathogen, induces brown spot disease of

bean (Phaseolus vulgaris), which is characterized by irregular,

necrotic lesions on leaves and pods (1). Some ecotypes of this

pathogen produce syringomycin (SR), a non-specific phytotoxin found

to be necessary for disease induction in some host plants (2). The

production of disease in many hosts by strains of this pathogen

which do not produce SR (3,4) suggests that other factors are essential

for pathogenesis as well. Pathogenic isolates of P.s. pv. syringae

characteristically induce a hypersensitive reaction (HR), believed to

be a defense mechanism, in non-host plant species (5). Presently

neither the genetic nor the molecular basis of virulence and HR-

inducing ability of this pathogen are known.

Strain R32 of P.s. pv. syringae is a syringomycin-deficient (SR)

isolate that induces a severe necrosis when injected into leaves of

bush bean (6). Transposon Tn5 mutagenesis of a derivative of this

strain has yielded several mutants with total or partial loss of

virulence (D. Anderson and D. Mills, submitted for publication). One

of these mutants has also lost the ability to induce HR on tobacco

plants (Nicotiana tabacum)(unpublished data). These mutants provide
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genetic material for analyzing the molecular basis of pathogenesis

because the transposon and flanking regions of Pseudomonas DNA can be

isolated by molecular cloning and subsequently used as a hybridization

probe to locate wild type genes within a genomic clone library. Such

an approach recently has been used to isolate genes for flagellum

production from a Caulobacter crescentus clone library (7).

We report here the construction of a genomic clone library of

strain R32 DNA using the conjugative cosmid cloning vector pVK102

(8). A chimeric plasmid containing Tn5 and adjacent genomic sequences

from a virulence mutant was used to probe the clone library for the

virulence gene. Two cosmid clones with homology to the probe were

identified, but only one of them restored the virulence phenotype and

HR by complementation when mobilized into the mutant strain.

MATERIALS AND METHODS

Bacterial Strains, Plasmids and Culture Media. Escherichia coli

and P.s. pv. syringae strains used in this study are listed in Table

III-1. All strains were routinely cultured on LB medium (13) or Stolp

medium (14). Media for antibiotic selection were supplemented, when

appropriate, with ampicillin (Ap), rifampicin (Rif), and streptomycin

(Sm) (100 sg/m1 each), chloramphenicol (Cm), kanamycin (Km), and

gentamycin (GM) (50)1g/m1 each), or tetracycline (Tc) (12.5 yz/m1).

DNA Isolations. Total genomic DNA from P.s. pv. syringae was

isolated either by the procedure of Szabo and Mills (15), or by

omitting the alkaline denaturation step of the plasmid isolation

procedure of Cantrell et al (17). Large scale isolation of cosmid DNA
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Table III-1. Bacterial strains.

Strain Charactersa Source or Reference

E. coli

HB101 recA-, hsdR, hsdM, pro, leu,
Smr

H.J. Evans

HB101 (pVK102) contains pVK102 (TcrKmr) 8

HB101 (pRK2013) contains pRK2013 (Kmr) 9

HB101 (pBR322) contains pBR322 (TcrApr) 10

HB101 (pPH1JI) contains pPH1JI ((rSpr) 11

SM10 (pSUP1011) contains pSUP1011 (Tn5)(Kmrcmr) 12

P. syringae

R32 Virulent 6

PS9020 Virulent, Smr Anderson & Millsb

PS9021 Reduced virulence, Tn5 Anderson & Millsb

transposition in PS9020,
Smr Kmr

PS9022 Same as PS9021 Anderson & Millsb

PS9023 Same as PS9021 Anderson & Millsb

PS9024 Same as PS9021 Anderson & Millsb

a Ap, ampicillin; Cm, chloramphenicol; Gm, gentamycin; Ka, kanamycin;
Sm, streptomycin; Sp, spectinomycin; Tc, tetracycline; r, resistant.

b Submitted for publication



from E. coli was performed as previously described (17). A cleared

lysate procedure (18) was used to isolate pSUP1011, pBR322 and pBR322

recombinants following amplification with spectinomycin or

chloramphenicol (19).

Construction of Cosmid Library. For cosmid cloning, P.s. pv.

40

syringae total DNA (850 )tg) was incubated at 37° C with 50 HindIII

(P.L. Biochemicals, 20 units/y.1) for periods of 1.5 to 3 hr. in medium

buffer [50 mM NaCl, 10 mM Tris-HC1 [pH 7.4], 10 mM MgSO4, 1 mM

dithiothreitol] (20). These DNA digests were pooled and fractionated

by sucrose gradient centrifugation (9). Gradient fractions were

subjected to agarose gel electrophoresis (17) to identify fractions

containing DNA fragments of 15-35 kilobase pair (kb) in size.

Restriction enzyme-digested plasmid and cosmid cloning vectors were

incubated with calf intestinal alkaline phosphatase (Boehringer

Mannheim) to prevent self-annealing during ligation. HindIII-digested

pVK102 DNA was ligated with pooled 15- to 35- kb fractions of P.s. pv.

syringae R32 DNA at concentrations of 0.5 and 1.0 mg/ml, respectively,

according to the procedure of Cantrell et al (17). Recombinant

cosmids were packaged as described (17), and transduction with E. coli

HB101 was performed as described by Hohn (21), on tetracycline-

containing LB medium.

Molecular Cloning of Tn5-containing DNA from Pseudomonas.

Equimolar concentrations of EcoRI-digested (15) P.s. pv. syringae

PS9021 total DNA and EcoRI-digested, phosphatased pBR322 DNA were

ligated with T4 ligase (Bethesda Research Labs) in L-buffer (15) at

12.5° C for 60 min, diluted 10 -fold with L-buffer, and incubated an

additional 12-16 hr. E. coli HB101 competent cells were prepared and
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transformed with pBR322 recombinant plasmids as described by Morrison

(22). Selection for pBR322 recombinants containing the Tn5-mutated

DNA region of PS9021 was made on kanamycin-containing LB medium.

Colony Blot Hybridization. Colony blots of cosmid-containing

colonies were prepared on nitrocellulose filters (Millipore) and

hybridized to 32P-labeled DNA according to the procedure described by

Maniatis et al (19).

Bacterial Conjugations. E. coli cells were grown overnight at

37° C, and P.s. pv. syringae cells grown 24-48 hr. at room temperature

(22-24° C) prior to matings. Recombinant cosmids were transferred

into P.s. pv. syringae in plate matings using the triparental mating

system of Ditta et al (9). Spontaneous rifampicin resistance (Rifr)

was selected in PS9021 prior to matings to counterselect against donor

E. coli cells.

Plant Bioassay. Complementation of Tn5-induced virulence mutant

PS9021 with wild type sequences from the clone library was studied

using a bean leaf disease assay. Loopfuls of bacteria (approximately

1010 - 1011cells) grown 2 days on LB medium were suspended in 0.01 M

potassium phosphate buffer (pH 7.2), serially diluted, and 0.05 0.1

ml aliquots injected with a hypodermic needle into the undersides of

1- to 2- wk old primary leaves of bean (Phaseolus vulgaris cultivar

Red Mexican), until temporary watersoaking was observed. Fully

expanded leaves of tobacco (Nicotiana tabacum cultivar Samson) were

inoculated by the same method. Plants were incubated at 18° C under a

12 hr day/night photoperiod, and symptoms recorded either after 24 hr

(tobacco) or after 3 days (bean).

Restriction Analysis. Recombinant plasmids were digested with
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BglII (P.L. Biochemicals), BamHI (15), HindIII, EcoRI, or combinations

of these at concentrations of 1-3 units / &g DNA for 2-4 hr in a

reaction mix of 50-100J44 DNA/ml. Agarose gel electrophoresis was

performed as previously described (15).

RESULTS

Analysis of Tn5-induced Virulence Mutant PS9021. P.s. pv.

syringae strain PS9021, isolated following transposon Tn5 mutagenesis,

fails to induce wild type disease symptoms on bean (Anderson and

Mills, submitted for publication). PS9021, unlike its wild type

progenitor R32, also fails to induce the hypersensitive reaction (HR)

(5) in tobacco. In addition, PS9021 colonies exhibit a fluidal colony

morphology compared to the afluidal morphology of wild type colonies

(unpublished data).

Cloning of Tn5-mutated Region. PS9021 total DNA was digested

with EcoRI, which does not cut within Tn5 (23), shotgun-cloned into

EcoRI-digested pBR322, and the resultant ligation mix transformed into

E. coli HB101, with selection for the kanamycin resistance of Tn5.

The plasmid DNA from one AprTcrKmr isolate contained pBR322 with two

EcoRI insert fragments of 3.0 and 12.5 kb. Since it was possible that

these two fragments were not originally continguous, but ligated

together during the ligation reaction, the 12.5 kb fragment, which was

large enough to contain Tn5 (5.7 kb), was subcloned into pBR322.

Restriction analysis of the resulting plasmid, pORE9021, confirmed the

presence of Tn5, and approximately 6.5 kb of flanking P.s. pv.

syringae DNA (Fig. III-1, lanes 1 and 2).
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Figure III-1. Restriction analysis of pORE9021 and homologous
cosmids. Lane 1: HindIII/BamHI double digestion of Tn5-containing
pSUP1011 releases two internal Tn5 fragments of 1.8 and 1.5 kb (23).
Lane 2: HindIII/BamHI double digestion of pORE9021 releases these
same two fragments. Lanes 3-5: HindlIl digests of pORE9021, pORE1309,
and pORE3101, respectively. Lane 6: HindIll- digested bacteriophage A.
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P.s. pv. syringae Clone Library. Following HindIII digestion and

size fractionation of R32 DNA, ligation with HindIII - digested pVK102

was performed. Recombinant cosmids were packaged into bacteriophage

lambda head and tail components. Transduction of E. coli HB101

yielded 4.1 x 105 Tcr transductants per ug of cosmid DNA.

Approximately 20,000 clones were obtained, of which 2000 were

individually isolated and stored for subsequent analyses. Of 200

randomly chosen Tcr clones, 98% were sensitive to kanamycin,

indicative of insertional inactivation of the Kmr determinant of

pVK102. Analysis of plasmid DNA from 15 randomly chosen clones

revealed that all of the plasmids contained insert DNA, ranging from

19-33 kb, with an average insert size of 25 kb.

Colony Blot Hybridization. To locate cosmid clones with homology

to the cloned Tn5-containing DNA sequence from the mutant strain,

pORE9021 was labeled with 32P by nick translation and hybridized to

colony blots of 1500 of the 2000 individually isolated and stored

colonies of the clone library. Autoradiography revealed two colonies

(pORE3101 and pORE1309) whose cosmid DNA hybridized to the probe.

Restriction analysis of pORE9021 and homologous cosmids.

Digestion of pORE9021, pORE3101, and pORE1309 with restriction

endonuclease HindIII revealed the presence of several co-migrating

HindIII fragments upon agarose gel electrophoresis. The 0.76 kb and

0.2 kb HindIII fragments of pORE9021 are also seen in pORE3101 and

pORE1309 (Fig III-1, lanes 3-5). Additionally, pORE3101 and pORE1309

have 5 other HindIII fragments in common.

Conjugation of recombinant cosmids into Pseudomonas, cosmid

stability, and complementation of Tn5-induced Vir Mutant. Cosmids
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containing wild type DNA sequences homologous to the cloned Tn5-

interrupted region were introduced into PS9021 individually in

separate conjugation experiments. Conjugation frequencies were 0.1 to

1.0 x 10-4 Smr Rifr ::Kmr/Tcr transconjugants per recipient cell.

Cosmid stability was tested by growing PS9021 (pORE3101) under non-

selective conditions, serially diluting and plating aliquots every 24

hr onto selective (+Tc) and non-selective (-Tc) media. After 24 hr,

80% of colonies were Tcr, whereas after 96 hr, only 25% were Tcr.

Cosmid-containing PS9021 transconjugants were tested for virulence

and HR-inducing ability on bean and tobacco, respectively. Both viru-

lence and HR-inducing ability were restored by pORE3101 (Fig. 111-2 and

3) but not by pORE1309 (data not shown); however, whereas HR-induction

in tobacco occurred at an inoculum density comparable to the wild type

strain, a 100-fold increase over the required wild type inoculum density

was needed to induce symptoms on bean (Fig. 111-3). Wild type colony

morphology was also restored by pORE3101, but not by pORE1309.

Tn5 is inserted into different EcoRI fragments in strains PS9022,

PS9023, and PS9024; their relative virulence on bean (Anderson and

Mills, submitted for publication), and their ability to induce HR in

tobacco (unpublished data) differ from PS9021. When pORE3101 was con-

jugated into each of these strains, no change in their virulence or

HR-inducing properties was observed.

To show that virulence and HR-inducing ability were conferred

by cosmid sequences and not due to secondary transposition of

Tn5 accompanied by excision out of the inactivated gene, pORE3101

was cured from strain PS9021 by conjugation with E. coli HB101

containing pPH1JI (Table III-1), which is Gmr and incompatible with
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Figure 111-2. Bean leaf reactions to wild type, mutant, and
complemented strains of P.s. pv. syringae. Bacterial cell suspensions
of 5 x 108 colonyforming units/ml were injected into leaf undersides,
and plants then incubated 3-5 days at 18°C. Symptoms in leaves were
induced by (a) R32; (b) PS9021; (c) PS9021(pORE3101) ; and (d) PS9021

(pPH1JI), following curing of pORE3101.
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Figure 111-3. Minimum inoculum densities [colony-forming units
(cfu)/m1] of strains R32 (wild type), PS9021 (Tn5 mutant), PS9021
(pORE3101), and PS9021 (pPH1JI) required to induce necrosis in bean
(B) and tobacco (T).
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RK2-derived plasmids. Transconjugant PS9021 colonies that were

SmrRifr::Kmr/Tcs- rum arose at high frequencies (> 1 x 105) and

contained only pPH1JI. When assayed on bean and tobacco, these

isolates failed to induce symptoms (Fig. III-2d and Fig. 111-3).

DISCUSSION

We have constructed a genomic clone library of P.s. pv. syringae

strain R32 in E. coli and have identified a cosmid from the library

that contains genes essential for virulence, based on its ability to

complement the Tn5-induced virulence mutant PS9021. The ability to

induce HR in tobacco, virulence in bean, and wild type colony

morphology are restored by this cosmid; however, virulence in bean is

achieved only with a substantial increase in inoculum density. This

may be due to cosmid instability, since it takes 3 to 4 days to induce

symptoms on bean, and up to 75% of cells grown in the absence of

selective pressure for this period of time lose their cosmids. That

cosmid-containing PS9021 transconjugants induce HR in tobacco at

inoculum densities equivalent to wild type can be explained by the

short time period [as little as 2 hr (24)] needed for HR induction.

Curing of this cosmid from PS9021 results in the return of mutant

phenotypes, conclusive evidence for cosmid-encoded functions essential

to virulence and HR-induction.

Although it appears that cosmid instability may result in the

need for increased inoculum density of the complemented mutant to

incite symptoms on bean, it is unclear why the required density

increase is proportionally much greater than the relative decrease in
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cosmid-containing cells. One possibility is that the level of

expression of the cloned sequence is lower than if it were intact in

the chromosome, due to the absence in the clone of cis-acting wild

type control signals. If this were the case, then the expression

level required to induce HR in tobacco is lower than the required

expression for virulence in bean. Although HR induction is an

accepted test for pathogenicity in phytopathogenic Pseudomonas spp.,

the molecular nature of HR induction is not known (24).

The correlation of the colony morphology with the bioassay

results of PS9021 suggests that a cell surface or extracellular

component may be involved in interactions with plants. The fluidal

colony morphology of the mutant strain may prevent attachment to plant

cell walls, which is a prerequisite for HR induction in tobacco

(24). Extracellular polysaccharides are known to play a role in host

recognition phenomena (25).

Cosmid pORE3101 complements PS9021, but fails to complement other

Tn5-induced virulence mutants. This is expected if non-contiguous

EcoRI fragments or gene clusters were mutated. It is possible that a

single gene with one or more EcoRI cut sites could have been mutated

in different EcoRI fragments in independent transposition events, but

depending on the site of Tn5 insertion, such mutants may or may not

have identical phenotypes. Further characterization of these and

other mutants is needed to determine the number of factors involved in

virulence. Additional wild type clones may exist (the clone library

contains approximately 20,000 clones, of which approximately 1500 have

been screened) that contain sequences capable of complementing these

mutants.
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Cosmids pORE3101 and pORE1309 have several HindIII fragments in

common, suggesting extensive sequence homology between these cosmids.

Two HindIII fragments in common co-migrate with HindIII fragments of

pORE9021 (Fig. III-1), and both fragments hybridize to a pORE9021

probe; however, only pORE3101 complements the virulence mutation in

PS9021. Based on the large size of the insert in pORE9021

(approximately 6.5 kb of P.s. pv. syringae DNA), the simplest

explanation is that pORE1309 contains a portion of the region flanking

Tn5 insertion that is not essential for virulence. Detailed

restriction mapping of pORE9021, pORE3101, and pORE1309, together with

subcloning of pORE3101 to obtain the smallest region capable of

complementing the PS9021 mutation, will help to map the location of

the genes essential for virulence on pORE3101.

CONTRIBUTIONS

I wish to thank Dr. Frank Niepold for the construction and

analysis of the cosmid clone library.
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Chapter IV

GENERAL CONCLUSIONS

Transposon mutagenesis has been shown to be a straightforward

method for the identification of genes involved in virulence in two

phytopathogenic P. syringae pathovars. Transposon Tn5 inserted

randomly into the genomes of both pathovars. This is important for

identifying and isolating regions of the genome which have not been

previously mapped, such as those regions important in virulence.

Several mutants with a wide range of phenotypes have been identified;

these can be used for construction of genetic maps in these strains.

Tn5 insertion was a convenient genetic and physical tool for the

molecular cloning of a mutated virulence determinant. This cloned

region was successfully used as a hybridization probe to identify a

wild type sequence in a clone library that was capable of complementing

the mutation. The wild type cloned sequence is therefore considered to

contain sequences necessary for virulence in this strain.

Mutants which are deficient in symptom induction may have specific

virulence mutations, or they may have mutations involving the metabolic

functioning of the bacteria in plants, manifested in the inability to

induce wild type symptoms. This study has not attempted to differen-

tiate the mutants on this basis, beyond the auxotroph analysis of

Chapter II. Although several mutants with apparent reduction in

disease-causing ability have been isolated, thorough analysis of the

pathogenicity of these pathovars should include some or all of the

following:
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(i) induction and isolation of several more virulence

mutants

(ii) host range studies of identified mutants

(iii) nutrient utilization studies of virulence and

unidentified and uncharacterized nutritional mutants

(iv) population dynamics studies of virulence mutants

in planta.

These additional studies would serve to clarify the nature of the

mutants obtained so far, and determine the number of regions of the

genome involved in virulence.
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APPENDIX

At the time of thesis preparation, the physical mapping of

pORE9021 and homologous chimeric cosmids was at a preliminary stage.

The completed restriction endonuclease mapping data of these plasmids

will be included in the second manuscript prior to final submittal for

publication. Herein is included the information obtained so far on

the physical map.

The first step in map construction was to determine restriction

sites on pORE9021. The approach was to use published physical maps of

the cloning vector, pBR322, and of the inserted Tn5 to orient

restriction fragments from gel patterns. The restriction enzymes EcoRI,

HindIII, BglII and BamHI were used for mapping. In addition to

determination of fragment size from gel patterns, hybridization data

were used. Single and double restriction digests were made, and

fragments separated by agarose gel electrophoresis. After the gel was

photographed, the fragments were blotted to DBM paper, and hybridized

alternatively with pBR322 and pSUP1011 to identify fragments containing

vector DNA and/or portions of Tn5, respectively. This approach was

useful in mapping most fragments of pORE9021. A tentative physical map

of pORE9021 is presented in Figure A-1.

With the pORE9021 map, the next step is to identify homologous

fragments in the cosmid clones. This work is presently underway. The

approach is to subclone DNA fragments from pORE3101 and test their

abilities to complement the virulence mutation in PS9021, to narrow

down the size of the region required for complementation. It has

been determined that both pORE3101 and pORE1309 contain three HindIII
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Figure A-1. Preliminary restriction endonuclease cleavage map of pORE9021.
Bg, BglII; Bm, BamHI; H, HindIII; R, EcoRI; kb, kilobase pairs.
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fragments, 3.9 kb, 0.76 kb and 0.2 kb in size, which hybridize to

pORE9021 (Figure A-2). The inability to accurately map the small

HindIII fragments of pORE9021 at present precludes the positioning

of cosmid sequences relative to the map of pORE9021.

In addition to the mapping experiment, the pORE9021 probe was

hybridized to the blot of EcoRI-digested total DNA from Tn5-containing

isolates (see Fig. 11-4) to determine the location of the sequences

flanking Tn5 in pORE9021 in the genome. This experiment (Figure A-3)

showed that the 6.5 kb EcoRI fragment that Tn5 is inserted into in

PS9021 is present in all P.s. pv. syringae and P.s. pv. phaseolicola

EcoRI digests. This fragment was missing only from the PS9021 DNA

digest, which was expected since in PS9021, this fragment contains the

5.7 kb Tn5 insert. This means that in the other mutants, Tn5 has

inserted into different EcoRI fragments. Additionally, the 6.5 kb

EcoRI fragment is conserved in P.s. pv. phaseolicola, which raises some

interesting evolutionary questions about the disease-causing abilities

of these related pathovars. Finally, an additional fragment of about

4.5 kb in size hybridized to the probe, in P.s. pv. syringae DNA digests

only. Since DNA was digested to completion, this result suggests that

a portion of the 6.5 kb EcoRI is repeated in the P.s. pv. syringae

genome. Perhaps pORE3101, which complements the PS9021 mutation,

contains genomic sequences of the 6.5 kb EcoRI fragment region, whereas

pORE1309, which fails to complement PS9021, is derived from the 4.5 kb

EcoRI fragment region containing homologous, but incomplete virulence

sequences. Of course, this is only speculation; but, these relation-

ships should be considered in the further characterization of these

plasmids.
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Figure A-2. Blot hybridization analysis of restriction endonuclease-
generated fragments of pORE9021 and homologous cosmids,
hybridized to 32P-labeled pORE9021. Lane 1, HindIll-
digested pORE9021; lane 2, HindlIl- digested pORE1309;
lanes 3-5, pORE3101 digested with EcoRI, BglII, and
HindIII, respectively.
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Figure A-3. Blot hybridization analysis of EcoRI-digested total
DNA from wild type and mutant strains of P.s. pv.
syringae and P.s. pv. phaseolicola, hybridized to 32P-
labeled pORE9021. Lane 1, PP7010; lane 2, PS9021;
lane 3, PS9023; lane 4, PS9024; lane 5, PS9510; lane 6,
PS9513; lanes 7-10, PP7011-PP7014; lane 11, XhoI-
digested pSUP1011.
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In addition to auxotrophic and virulence mutants, other Tn5-

induced mutants not reported in Chapter II were recovered following

Tn5 mutagenesis. In P s. pv. phaseolicola, a colony morphology

mutant (wrinkled) was recovered. In P.s. pv. syringae, a pigment-

producing mutant was recovered. This isolate produces a diffusable,

reddish-brown pigment when grown on LB medium, but not on MaS minimal

medium. Both the morphological mutant and the pigment producer

retained wild type symptom-producing capabilities.

An interesting discovery was made upon setting up the quantitative

bioassay of P.s. pv. syringae mutant strains. Virulence mutant PS9021

failed to induce necrosis in bean at any cell density tested (up to

about 4 x 101° cfu/ml, which is about the upper limit of infiltration

capacity of bean leaves) when cell suspensions were prepared in tap

water. When cell suspensions were prepared in 0.01 M potassium phos-

phate buffer (pH 7.2) instead of tap water, symptoms were observed

at cell densities greater than 109 cfu/ml. A simple experiment was

performed to elucidate this discrepancy. PS9021 was grown to

saturation in LB, harvested, and resuspended in a minimum volume of

potassium phosphate buffer. From this suspension, parallel 100-fold

dilution series were prepared in potassium phosphate buffer and in

tap water. Aliquots from these were spread onto LB plates at 0, 1,

and 3 hr. After incubation, colony counts of cells stored in

potassium phosphate buffer remained constant over the 3-hour storage

period. However, colony counts of cells stored in tap water over the

same time period decreased to 0.5% of the initial (0 hr) colony

counts. Cell viability was greatly reduced when the cells were stored

in tap water. This experiment suggests that the common laboratory
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practice of preparing and storing bacteria in water may not be the

most prudent means of strain preservation.


