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Integration and Excision of pMMC7105 in Pseudomonas
syringae pv. bhaseolicola Occur by Recombination Between

Copies of a Repetitive IS-like Sequence

CHAPTER L

GENERAL INTRODUCTION

Recombination within or between replicons is a major

source of genetic variability in prokaryotes. Genomic

rearrangements have also been shown to play a controlling

role in gene expression. Recombinational events are

generally understood to belong to one of three broad

categories; general homologous recombination, site-

specific recombination and transpositional recombination.

These categories, however, are not mutually exclusive as

some sequences which are usually involved in one can also

function in another kind of recombination.

The system for general homologous recombination (Rec)

recognizes any pair of homologous sequences as substrates

for recombination. A major component of the Escherichia

coli Rec system, the RecA protein, is also essential in

DNA repair. Sequences which encode polypeptides with

RecA-like function have been identified in Pseudomonas

syringae pv. phaseolicola (11), P. aerucanosa (19),

Rhizobium meliloti (1) and undoubtedly exist in all

bacteria.
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Both the F plasmid and chromosome of E. coli K12

contain copies of the insertion sequence (IS) elements IS2

and IS3 (6, 7). Recombination between identical elements

has been shown to result in plasmid integration into the

chromosome. Excision events which recreate the F plasmid

or produce either deletion derivatives or F' plasmids also

occur by recombination between homologous copies of IS

elements (26). Reciprocal recombination carried out by

the bacterial Rec system (8) is responsible for F plasmid

integration and excision even though the sites of

recombination are transposable elements. A similar kind

of recombination event has also been observed in a TOL

plasmid of P. putida. Recombination within a 115 kb

plasmid results in the excision of 40 kb of DNA. The

sites of recombination were mapped to 1.4 kb direct

terminal repeats (17).

Site-specific recombination is regulated not by the

Rec system, but by factors which recognize only specific,

and usually limited, homologous sequences as substrates

for recombination. Integration of the bacteriophage

lambda in E. coli occurs by recombination between specific

sequences (attachment sites), attB and attP, on the two

replicons and requires bacteriophage lambda and bacterial

gene products other than those of the Rec system (18).

Both attachment sites consist of a 15 by common core

sequence and flanking DNA. Integration produces two
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hybrid attachment sites with the 15 by common sequence at

the juncture of attP and attB sequences. Bacteriophage

excision results from recombination between the two hybrid

attachmant sites and regenerates the original attP and

attB sequences.

Flagellar phase variation in Salmonella is due to a

site-specific inversion of DNA (22). There are two loci,

H1 and H2, which encode different flagellar proteins. The

promotor for the H2 gene is flanked by a 14 by inverted

repeat. Recombination resulting in inversion of the region

between the repeats can couple or uncouple the promotor

from the H2 structural gene and a gene encoding a

repressor of H1 expression. A specific gene product,

encoded within the inversion region, mediates the

inversion. Mutations in the coding sequence for this

polypeptide eliminates phase variation.

Similar regulatory mechanisms are found in

bacteriophages Mu (14, 23) and P1 (15). In these

bacteriophages the promotor remains stable while an

adjacent region of DNA, flanked by inverted repeats, is

invertible. Mu DNA that switches consists of structural

genes for host range specifying tail proteins. The

invertible P1 DNA shows extensive homology to the

inversion region of Mu and, therefore, is believed to also

encode tail proteins. Specific gene products, designated

recombinases, are encoded outside the invertible region
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and are required for inversion. DNA hybridization

experiments reveal that there is sequence homology between

the recombinase genes of Salmonella, bacteriophage Mu and

bacteriophage P1. An inactivated Mu recombinase gene can

be complemented with the recombinase genes from either

Salmonella or bacteriophage P1 (14). Recombinase genes

from bacteriophages Mu and P1 can restore phase variation

to mutant Salmonella (23).

In Anabaena a developmentally regulated rearrangement

results in the excision and circularization of 11 kb of

DNA (9). This site-specific recombination event between

11 by direct repeats occurs only in differentiating

heterocysts, the cells specialized for nitrogen fixation.

Recombination results in the juxtaposition of previously

non-contiguous genes that encode enzymes required for

nitrogen fixation.

In contrast to both general homologous and site-

specific recombination, transpositional recombination

occurs between non-homologous sequences (for reviews see

references 3, 10 and 16). Transposable elements can move

from one site to another as discrete genetic and physical

entities. Although there appears to be some specificity,

the sequences into which the elements insert are not

homologous to the transposing element. The sequences at

the ends of the element, however, are essential for

transposition. The terminal inverted repeats function as
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recognition sites for transposases, the enzymes which

mediate transpositional recombination.

Prokaryotic transposable elements were first detected

in E. coli in the late 1960s (13). Highly polar mutations

were shown to be the result of insertions of specific

sequence, IS elements. Since that time IS elements and

the more structurally complex transposons, have been found

in many other bacteria, both Gram-negative and Gram-

positive, including Salmonella, Shicrella, Haemophilus

influenzae, Rhizobium lupini, P. putida, p. aeruginosa

(16) and P. syringae pv. savastanoi (4).

Interruption of a coding sequence by insertion of a

transposable element usually results in loss of gene

expression. Sometimes, however, transposition results in

increased transcription due to readthrough from a promotor

on the transposable element (16). Transposable elements

also promote certain kinds of DNA rearrangements.

Replicon cointegration, sequence inversion and deletion

are all known to occur independently of the Rec system.

Plasmid or phage integration into a bacterial

chromosome can occur by any of these modes of

recombination (Fig. I-1). Examination of the substrates

and products of recombination can be useful for

determining the mechanism of integration. The model for

general homologous recombination requires that both of the

substrates of recombination, the plasmid and chromosomal
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Figure I-1. Illustration of the three types of plasmid or
bacteriophage integration. A) General
homologous integration, B) site-specific
integration and c) cointegration by
transposition. Closed boxes (M) represent
homologous regions, (f --t-}) represent attachment
sites and open boxes ( ) represent
transposable elements.
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sites of integration, share a region of homology. This

region of homology, the recombination site, will be at the

juncture of plasmid and chromosomal sequences in the

products of recombination, the plasmid-chromosome junction

fragments. Site-specific recombination is similar to

general homologous recombination. The region of homology

involved, however, is usually limited. The common core

sequence for bacteriophage lambda integration is 15 bp,

for example, and the region involved in inversion in

bacteriophage Mu is 16 bp. Furthermore, site-specific

recombination is mediated not by the Rec system, but by

proteins which act only on particular substrates.

Plasmid-chromosome cointegration by transposition is

easily distinguished from the other two mechanisms of

replicon recombination. Plasmid integration can result

from replicative transposition of a plasmid-borne

transposon. The recombination site, the transposable

element, is at the junction of plasmid and chromosomal

sequences but is present on only one of the substrates.

There have been many reports of phage or plasmid

integration in bacteria. The majority of these

recombination events, however, involve replicons which are

not indigenous to the bacteria but have been

experimentally introduced (2, 20, 21). Integration of the

F plasmid and bacteriophage lambda in E. coli and

integration of pE194 in Bacillus subtilis are examples of
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the relatively rare phenomenon of integration of an

indigenous episome. F plasmid and bacteriophage lambda

integration occur, respectively, by homologous and site-

specific recombination. Recombination between pE194 and

the chromosome occurs between sequences lacking extensive

sequence homology and independently of the Rec system of

B. subtilig (12).

Strain LR700 of Pseudomonas syringae pv. phaseolicola

is the causal agent of halo blight of common bean

(Phaseolgs igiggtis). It harbors a 150 kb indigenous

cryptic plasmid, pMMC7105. Following mitomycin C

treatment, pMMC7105 was found to be integrated into the

bacterial chromosome (5). It is not known whether

chemical treatment was involved in the integration event.

Approximately 10% of single colony isolates from the

strain with the integrated form of pMMC7105 can be shown

to harbor plasmid derivatives (5). Some of these

excision plasmids are deletion derivatives of pMMC7105,

while others carry both plasmid and chromosomal sequences.

One plasmid apparently resulted from precise excision of

pMMC7105 (24, 25). Previous studies identified the

plasmid site of integration and the existence of three

repetitive sequences of DNA distributed throughout

pMMC7105 (24, 25). One of these repetitive sequences,

designated RSII, was mapped to the region of DNA

containing the plasmid site of integration. It was also
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observed that excision plasmids which were composed of

only pMMC7105 sequences had resulted from recombination

between restriction fragments containing a common

repetitive sequence. It was hypothesized, therefore, that

both integration and excision occur by recombination

between copies of repetitive sequences in a manner

analogous to that of F plasmid recombination in E. coli

which is mediated by homologous copies of IS elements.

The objectives of this study were to test the

hypothesis that RSII acted as an homologous site in

plasmid-chromosome recombination and to characterize RSII.

Comparative analysis of the substrates and products of

recombination was used to distinguish the probable

mechanism(s) involved in both integration of pMMC7105 and

excision of pMMC7115, a deletion derivative of pMMC7105.

Nucleotide sequence analysis of RSII allowed comparison of

this repetitive sequence with other prokaryotic sequences

known to be involved in genetic recombination. Finally,

Southern blot hybridization was used to determine the

distribution and abundance of RSII in LR700 and other

bacteria.
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CHAPTER II

INTEGRATION AND EXCISION OF pMMC7105 IN PSEUDOMONAS
ayRINGAE PV. ZaAaEQUSSILA OCCUR BY RECOMBINATION BETWEEN

HOMOLOGOUS COPIES OF A REPETITIVE SEQUENCE

ABSTRACT

The chromosomal and plasmid sites for integration of

pMMC7105 in pseudomonas svringae pv. phmgoliolla were

mapped to homologous copies of a repetitive sequence,

RSII. Recombination between plasmid and chromosomal

copies of RSII resulted in the formation of a 2.8 kb EcoRI

fragment containing the repetitive sequence at the

juncture of plasmid and chromosomal DNA. The sites of

recombination which produced an excision derivative of

pMMC7105, pMMC7115, were also mapped. Plasmid-chromosome

junction fragment BamHI-a and plasmid fragment BamHI-12

recombined at homologous copies of RSII to produce

pMMC7115. The resulting BamHI-a/12 junction fragment

consists of RSII flanked on either side by sequences from

BamHI-a and DamHI-12. Results indicate, therefore, that

both integration and excision of plasmid sequences occur

by recombination between homologous copies of RSII.

Comparative restriction analysis and Southern blot

hybridization of several copies of this repetitive

sequence showed that RSII is conserved and is between 800

to 1450 by in size.
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INTRODUCTION

Indigenous plasmids have been reported in many

phytopathogenic Pseudomonas (for a review, see reference

24). Although most of these plasmids remain cryptic, a

few have been found which contribute to the

phytopathogenicity or physiology of the organisms which

harbor them. Comai and Kosuge (4) have described an

indigenous plasmid of oleander strains of P. syringae pv.

savastanoi which is required for gall formation.

Recently, indigenous plasmids of P. syringae pvs.

alycinea (12) and tomato (1) have been demonstrated to

encode, respectively, trimethoprim and copper resistance.

An indigenous 150 kb plasmid, pMMC7105, of strain

LR700 of P. syringae pv. phaseolicola, the causal agent of

halo blight of bean (Phaseolus vulgaris), has been

observed to integrate into the bacterial chromosome (6).

The isolation and analysis of derivative plasmids,

resulting from occasional and imprecise excision of

pMMC7105, facilitated identification of the two BamHI

plasmid-chromosome junction fragments (BamHI-a and

BamHI-P) and the BamHI plasmid site for integration

(BamHI-8) (22, 23). These studies also revealed the

existence of repetitive sequences of DNA distributed

throughout the genome. One of these sequences, designated

RSII, was found on BamHI-a, BamHI-P, BamHI-8, on other
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pMMC7105 BamHI fragments involved in excisive

recombination and on over 20 chromosomal EcoRI fragments.

It was hypothesized, therefore, that integration and

excision of pMMC7105 is analogous to the integration and

excision of the F plasmid in Escherichia coli which occurs

through recombination between homologous insertion

sequences (IS) (7, 8, 16).

In this paper we describe the isolation and

characterization of BamHI restriction fragments involved

in pMMC7105 integration into and imprecise excision from

the bacterial chromosome. Integration and excision are

demonstrated to occur by recombination between homologous

copies of RSII. Finally, physical analysis of several

copies of RSII is used to determine its approximate size.

(Part of this work was presented previously

[Ehrenshaft, M., and D. Mills. In Proceedings of the Sixth

International Conference on Plant Pathogenic Bacteria,

College Park, Maryland, In Press].)
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MATERIALS AND METHODS

Bacterial strains, plasmids and culture media. The

bacterial strains and plasmids used in this study are

listed in Table II-1. P. syrinqae pv. phaseolicola was

grown at room temperature in MaNY medium (6) and E. coli

was cultured at 37° C in LB medium (13). Media were

supplemented with ampicillin (100 Ng /ml) and tetracycline

(12 pg/ml) when appropriate.

DNA isolation. Excision plasmids pEXC8100 and

pMMC7115 and genomic DNA from P. svrinqae pv. phaseolicola

strain LR700 were isolated as previously described (22).

Recombinant plasmids were isolated from E. coli by an

alkaline lysis procedure (13). BamHI-a was recovered from

a 1% agarose gels by electroelution into a dialysis bag

(13) and insert DNA for colony blot hybridizations was

recovered from a 1% low melting point agarose gel by

chromatography through an Elutip-d column as described by

the manufacturer (Schleicher & Schuell).

Restriction analysis and electrophoresis. Restriction

endonucleases and other enzymes purchased from Bethesda

Research Laboratories or Pharmacia were used according to

manufacturer's instructions. DNA was electrophoresed

through 1-1.2% agarose horizontal slab gels and visualized

by staining in ethidium bromide. HindIII-digested lambda

DNA and HaeIII-digested0X174 DNA were used as molecular

weight standards.



TABLE II-I. Bacterial strains and plasmids

Strain

Plasmid Characteristics

Genotype or phenotypea Plasmid Resistance
b Description

Specified or Source

Ej_gyringae pv.
phaseolicola
LR700 Wild

s
Type pMMC7105 None (6)

LR745 Loc
c

pMMC7115 None (6)

PP810 Locc pEXC8100 None (22)
s

EL_coli
HB101

HB101
HB101
HB101
HB101

HB101

HB101

HB101

HB101

RecA leu pro thi
lacY endo-1 Strr (13)

pBR322 Apr Tcr
pBR325 Apr Tc' Cm
pLAFR3 Tc

r

pOSU2010 Ap
r

pOSU3002 Tcr

pOSU2001 Apr

pOSU2013 Tc r Ap-
r

pOSU2028 Tcr Apr

(2)

(2)

(21)
BamHI-a from pEXC8100,
cloned in pBR322,
this study

BamHI-R cloned in pBR322,
this study

3.2 kb BamHI-EcoRI
fragment of BamHI-8
cloned in pBR322, (17)
1.3 kb EcoRI fragment of
BamHI-a cloned in pBR325
this study

2.8 kb EcoRI fragment of
BamHI-0 cloned in pBR325
this study



TABLE II-1 (continued)

HB101 pOSU2033 Tcr Apr 3.3 kb EcoRI fragment of
BamHI-a cloned in pBR325
this study

HB101 pOSU0012 Apr
BamHI-12 of pMMC7105
cloned in pBR322, (10)

HB101 pOSU3003 Apr 2.3 kb EcoRI-BamHI
fragment of BamHI-R
cloned in pBR322, this
study

HB101 pOSU4001 Apr BamHI-a/12 from pMMC7115
cloned in pBR322, this
study

HB101 pOSU4017 Apr 1.7 kb BamHI-EcoRI
fragment of RamHI-a/12
cloned in pBR322, this
study

aLoccs , low-cobalt, cold sensitive; Str r , streptomycin

resistance.

b
Ap r

, ampicillin resistance; Tc r , tetracycline resistance;

Cmr, chloramphenicol resistance.
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Molecular cloning. Ligation of DNA was performed

using T4 ligase (Bethesda Research Laboratories) in a

reaction mixture containing equimolar concentrations of

vector and insert DNA. Competent E. coli HB101 were

prepared and transformed as described by Morrison (14). A

genomic library of LR700 DNA was constructed in the cosmid

vector pLAFR3 (21) using size-fractionated, partially

digested Sau3A fragments (13). The recombinant molecules

were packaged into lambda particles purchased from

Boehringer Mannheim according to the manufacturer's

instructions and transduced into E. coli HB101 (11).

Colony blots. High density colony blots of the

genomic library were prepared essentiallyas described by

Maniatis et al (13). Approximately 5,000 CFU were

inoculated directly onto a 0.45 pm nitrocellulose filter

and grown until just visible. A replica was made onto a

second filter and the colonies on both filters were grown

to a diameter of 1-2 mm. One of the filters was used for

colony blot hybridization while the other was stored at

4° C. Cells corresponding to hybridization signals were

scraped from the master filter, diluted and then plated

directly onto fresh nitrocellulose filters at a density

that allowed the growth of non-confluent colonies. A

replica of these filters was used for a second round of

colony blot hybridization.
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DNA labeling and blot hybridization. DNA was labeled

with [13-32P]dCTP to a specific activity of 2-5 x 107

cpm/pg (18) DNA fragments were transferred from agarose

gels to nitrocellulose according to the procedure of

Southern (19) and hybridizations carried out in 50%

formamide buffer (13) at 42° C for 20-24 h with 1-2 X 106

cpm/ml of probe. After hybridization, blots were washed

twice for 15 min at room temperature in 2X SSC [SSC is 150

mM sodium chloride, 150 mM sodium citrate pH 7.0 (13)]

with 0.1% SDS and then washed twice for 15 min at 50° C in

0.1X SSC with 0.1% SDS. Autoradiography was performed

with Kodak X-Omat X-ray film. Labeled DNA was removed

from blots by soaking them in boiling 0.1X SSC with 0.1%

SDS and allowing the buffer to cool to room temperature.

Blots were verified to be free of radioactivity by

autoradiography.
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RESULTS

In a previous study (22), an EcoRI digest of plasmid-

chromosome junction fragment BamHI-a was hybridized with a

32P-labeled probe containing BamHI-8, the plasmid site for

integration (Fig. II-l). Five of 6 fragments resulting

from EcoRI digestion of BamHI-8 were also present in

BamHI-a and hybridized with the probe. The absence of the

terminal 3.2 kb BamHI-EcoRI fragment and the presence of

the adjacent 0.6 kb EcoRI fragment suggested integration

of pMMC7105 had occurred at a site within the 3.2 kb

fragment. Other fragments of BamMI-a that did not

correspond to fragments of BamHI-8 also hybridized to the

probe. It was expected, therefore, that one of these

fragments would contain part of the 3.2 kb fragment

recombined with chromosomal DNA. To ascertain which of

these fragments carried the site of plasmid-chromosome

recombination it was necessary to construct a restriction

map of BamHI-a.

Characterization of a plasmid-chromosome junction

fragment. Plasmid-chromosome junction fragment BamHI-a was

recovered from pEXC8100 and cloned into pBR322 (2). The

resulting plasmid, pOSU2010, was used to map the EcoRI and

XbaI sites on BamHI-a (Fig. II-1). A comparison of the

EcoRI and XbaI restriction sites of BamHI-a and BamHI-8

(22), showed 6 of 6 EcoRI and both XbaI restriction sites
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Figure II-1. Restriction endonuclease site maps of BamHI
fragments involved in integrative and
excisive recombination. BamHI (B), EcoRI
(E) and XboI (Xb) restriction sites are
shown, and the corresponding fragment sizes
are given in kb.
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of BamHI-8 were also present in BamHI-a. Part of the

terminal 3.2 kb BamHI-EcoRI fragment of BamHI-8 appeared

to be conserved in a 2.8 kb EcoRI fragment in BamHI-a.

This suggested the site of plasmid-chromosome

recombination was located within the 2.8 kb EcoRI

fragment. To confirm this, the chromosomal BamHI fragment

involved in integration was isolated using a chromosomal

restriction fragment from BamHI-a as a hybridization

probe. The 3.3 kb EcoRI fragment adjacent to the putative

junction fragment was considered to be an inappropriate

probe since it was suspected (22), and later shown, to

contain RSII (see below). The 1.3 kb EcoRI fragment of

BamHI-a was, instead, cloned into pBR325 (2), and the

resulting plasmid, pOSU2013, used to probe a BamHI digest

of LR700 genomic DNA. This probe hybridized to a single

10 kb restriction fragment (data not shown) and,

therefore, was used to screen a genomic library for the

chromosomal site of plasmid integration.

Isolation of the chromosomal site of plasmid

integration. To isolate the chromosomal site of plasmid

integration a genomic library was constructed in the

cosmid vector pLAFR3 using partially-digested $au3A

fragments of LR700 DNA. Approximately 5,000 colonies were

recovered. The cosmids isolated from twelve randomly

chosen colonies all had different inserts with an average

size of 22.3 kb. The library was plated directly onto a
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nitrocellulose filter for high density colony blot

hybridization to 32P-labeled insert DNA from pOSU2013.

After 2 rounds of hybridization, cosmids from 12

hybridizing colonies were extracted and digested with

BamHI. All 12 had multiple BamHI fragments and 11 had a

10 kb BamHI fragment. Four of these 11 cosmids were

digested with BamHI and EcoRI and each had a 1.3 kb

fragment that hybridized to the probe (data not shown).

The 10 kb BamHI fragment containing the chromosomal site

of integration, designated BamHI-R, was cloned into pBR322

(pOSU3002) for restriction endonuclease site mapping (Fig.

II-1). A comparison of the restriction maps of BamHI-a,

BamHI-8 and BamHI-R confirms that the 2.8 kb EcoRI

fragment of BamHI-a carries the site for plasmid-

chromosome recombination. The juncture of plasmid and

chromosomal sequences should lie within the 2.2 kb of DNA

between the XbaI site from BamHI-8 and the EcoRI site from

BamHI-R (Fig. II-1).

Analysis of the plasmid-chromosome recombination

site. The 2.8 kb EcoRI fragment of BamHI-a, the 3.2 kb

BamHI-EcoRI fragment of BamHI-8 and the 2.3 Kb EcoRI-BamHI

fragment of BamHI-R were cloned into pBR322 or pBR325

(Table II-1) and the resulting plasmids used to construct

restriction endonuclease site maps (Fig. 11-2). A

comparison of these restriction maps shows a region of

homology of approximately 800 by extending from an MluI
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site on each fragment to the rightmost SstI site on each

fragment. This suggested that integration of pMMC7105

occurred by recombination between homologous sequences

found on BamHI-8 and BamHI-R. It has been hypothesized

(22) that pMMC7105 integration was a result of

recombination between homologous copies of RSII present on

the plasmid and chromosome. To determine if the regions

of homology on BamHI-8 and BamHI-a were RSII, a

restriction map was constructed of BamHI-12 (10) from

pMMC7105 (Fig. II-2), which also contains RSII. The

800 by region of DNA which was presumed to be the internal

portion of RSII was also present on BamHI-12. Integration

of pMMC7105 into the chromosome occurred at homologous

copies of RSII.

Southern blot hybridization analysis of RSII. To

determine the approximate size of RSII, restriction

digests of pOSU0012, pOSU2001 and pOSU2028 were

electrophoresed through an agarose gel (Fig. II-3A) and

analyzed by Southern blot hybridization. The blot was

first hybridized with 32P-labeled pOSU2028 (Fig. II-3B),

which contains the 2.8 kb EcoRI plasmid-chromosome

junction fragment. All of the fragments of BamHI-12

except the terminal 800 by BamHI-XhoI fragment hybridized

to this probe. The left, 2.9 kb BamHI-MluI fragment of

BamHI-12 hybridized less intensely than the right, 1.0 kb

MluI-BamHI fragment. Most of the 3.2 kb fragment of
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Figure 11-2. Restriction endonuclease site maps of the
fragments cloned in pOSU2028, pOSU2001,
pOSU3003 and pOSU0012. BamHI (B), ClaI (C),
MluI (M), Sall (Sa), SstI (Ss), XbaI (Xb) and
XhoI (Xh) restriction sites are shown. The *
indicates the EcoRI site shared by the 2.8 kb
and 3.3 kb fragments of BamHI-a (also see
Fig. 11-5).
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Figure 11-3. Agarose gel electrophoresis of restriction
endonuclease digested pOSU0012, pOS02001 and
pOSU2028. (A) Ethidium bromide-stained 1.2%
agarose gel. Autoradiograms of the
nitrocellulose-blotted fragments shown in
panel A were hybridized with the following
32p-labeled probes: (B) pOSU2028 and (C)
pOSU0012. Lane M contains a mixture of
HindIII-digested lambda and HaeIII-digested
40,[174 DNA used as molecular weight standards.
Lanes 1-3; BamHI-digested pOSU0012 digested
with SstI (lane 1), MluI (lane 2) and XhoI
(lane 3). Lanes 4-6; BamHI- and pcoRI-
digested pOSU2001 digested with SstI (lane
4), MluI (lane 5) and XbaI (lane 6). Lanes
7-9; EcoRI-digested pOSU2028 digested with
SstI (lane 7), MluI (lane 8) and XbaI (lane
9). Arrows indicate fragments which
hybridized to only one or to neither probe
and, therefore, do not contain part of RSII.
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BamHI-8 is present in the plasmid-chromosome junction

fragment and, as expected, all the fragments except the

terminal 950 by BamHI-MluI fragment hybridized to

pOSU2028.

After removal of the pOSU2028 probe, the blot was

hybridized with 32P-labeled pOSU0012 (Fig. II-3C) which

contains BamHI-12. As expected, the homology between

BamHI-12 and the other fragments was limited to regions

containing RSII. The central region (ca. 1500 bp) of the

3.2 kb fragment of BamHI-8 showed homology to the probe

but neither the BamHI-MluI nor the XbaI-EcoRI terminal

fragments hybridized. Only the terminal XbaI-EcoRI

fragment of the 2.8 kb junction fragment failed to

hybridize to this probe. RSII, therefore, extends beyond

the conserved restriction sites into adjacent restriction

fragments (Fig. 11-2).

Excisive recombination occurs at RSII. Since it was

known that RSII acted as the site for recombination in

plasmid integration it was of interest to determine if

RSII also acted as a site for excisive recombination.

Excision plasmid pMMC7115 was derived by recombination

between two RSII-containing fragments, BamHI-a and

BamHI-12 (Fig. II -4B). Seven of the 8 BamHI fragments of

pMMC7115 correspond to contiguous BamHI fragments of

pMMC7105 (22) (Fig. II-4A and C). The eighth fragment,

designated BamHI-a/12, was presumed to be the site where
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Figure 11-4. Proposed mechanism of pMMC7105 integration
and pMMC7115 excision. (A) Recombination
between pMMC7105 and the chromosome occurs at
homologous copies of RSII on DamHI-8 and
BamHI-R. (B) Integrated form of pMMC7105.
(C) Excision of pMMC7115 occured by
recombination between homologous copies of
RSII on BamHI-a and BamHI-12. Closed boxes
(0) represent RSII.
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BamHI-12 and BamHI-a recombined when pMMC7115 excised.

BamHI-a/12 was cloned into pBR322 and the resulting

plasmid, pOSU4001, used to construct an EcoRI and XbaI

restriction map (Fig. II-1). The 2.8 kb EcoRI fragment of

BamHi-a is intact in BamHI-a/12 and was not the site of

excisive recombination. It appeared instead, that the 3.3

kb EcoRI fragment of BamHI-a was recombined with pamHI-12

to form the terminal 1.7 kb EcoRI-BamHI fragment of

BamHI-a/12. The 3.3 kb EcoRI and the 1.7 kb EcoRI-BamHI

fragments were cloned in pBR325 and pBR322, respectively,

and the resulting recombinant plasmids used to construct

restriction maps (Fig. 11-5) for comparison with the maps

of BamHI-12 and other fragments known to contain RSII

(Fig. 11-2). RSII is present on BamHI-12 and BamHI-a at

the sites where they recombined and is present on the

1.7 kb EcoRI-BamHI fragment of BamHI-a/12 at the juncture

of BamHI-12 and BamHI-a sequences. The two copies of RSII

on BamHI-a are in opposite orientation.
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Figure 11-5. Restriction endonuclease site maps of RSII-
containing clones involved in formation of
pMMC7115. BamMI (B), Q14I (C), MluI (M),
Sall (Sa), EstI (Ss), XbaI (Xb) and noI (Xh)

restriction sites are shown. The * indicates
the EcoRI site shared by the 2.8 kb and 3.3
kb fragments of BamMI-a (also see Fig. 11-2).
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DISCUSSION

In previous studies (22, 23) both the plasmid site

for integration and RSII were mapped to the same region

within BamHI-8. It was also noted that excision plasmids

derived from internal pMMC7105 sequence's had always

resulted from recombination between BamHI fragments

carrying the same repetitive sequence. These observations

suggested that pMMC7105 integration and excision is

analogous to F plasmid integration and excision in E. coli

which occurs by recombination between homologous IS

elements. To test this hypothesis, restriction

endonuclease mapping and Southern blot hybridization were

used to precisely identify the sites of pMMC7105

integration and pMMC7115 excision and to define the size

of RSII.

If replicon cointegration resulted from recombination

between plasmid and chromosomal copies of RSII the

resulting junction fragments should consist of RSII

flanked on either side by plasmid and chromosomal

sequences. This can be seen in the 2.8 kb EcoRI fragment

of BamHI-a where sequences from BamHI-8 and BamHI-R

recombine at RSII (Fig. 11-2). BamHI-0 the second

junction fragment, should consist of RSII flanked on

either side by DNA from BamHI-8 and BamHI-R not present

on BamHI-a, and be approximately 2.5 kb in size

(Fig. 11-6).
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B Sa M M Ss Sa C Ss

0.5 kb RS II

Figure 11-6. Expected restriction map of BamHI-13. BamHI
(B), clAI (c), mita (M), Sail (Sa), and
SstI (Ss) restriction sites are shown.
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An excision plasmid has been identified containing plasmid

and chromosomal BamHI fragments which apparently span

BamHI-a. This plasmid was demonstrated to contain a 2.5

kb BamHI fragment which hybridized with DNA from the left

end of BamHI-8 not found in BamHI-a (22). The restriction

map of BamHI-a and the size of BamHI-13 are consistent with

the model describing plasmid integration by homologous

recombination (Fig. II-4A and B).

RSII also acted as an homologous site for excisive

recombination. Recombination between BamHI-12 and a

second RSII on BamHI-C1 resulted in the formation of

excision plasmid pMMC7115. The junction fragment,

BamHI-a/12, consists of RSII flanked on either side by

sequences from BamHI-12 and BamHI-a (Fig. 11-5).

The size of RSII was determined by restriction

mapping and Southern blot hybridization (Figs. II-2, 11-3

and 11-5). Fragments containing RSII all show an 800 by

region of homology which is apparently the internal

portion of RSII. Restriction fragments adjacent to the

internal portion also hybridized with probes containing

RSII. The smallest adjacent restriction fragments are 450

and 200 bp, indicating that RSII is no more than 1450 by

in size.

RSII plays a role in P. syringae pv. phaseolicola

analogous to that of IS elements in E. coli.(7, 8, 16).

It is suggestive, therefore, that changes in copy number
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have been observed among strains of this bacterium derived

from LR700 (22). IS elements have been reported in 11,

putida and P auriginosa (3, 20). Comai and Kosuge (5)

have recently identified an IS element by its ability to

cause mutations to avirulence in P. syringae pv.

savastanoi. Nucleotide sequence analysis is now in

progress to determine if RSII is related to IS elements or

other prokaryotic sequences known to be involved in

recombination.

Strains of P. syringae pv. phaseollcol4 isolated

from diverse geographical locations harbor plasmids that

differ in size but show homology to pMMC7105 (17). These

plasmids contain BamMI fragments which hybridized with a

32P-labeled clone containing RSII (17). Restriction

mapping of these plasmids may prove valuable in

elucidating the role of RSII in plasmid evolution among

strains of this pathovar.

It is known that some of the cloning vectors now in

use are unstable in P. syringae in the absence of

antibiotic selection pressure (9, 15). The study of

pathogen genes active in plant-pathogen interactions

requires vectors which are stably maintained when the

pathogen is inoculated into its host, where the use of

antibiotics is undesirable. A cloning vector which

contains a repetitive, integrative sequence, such as RSII,

could have wide application in studies of the molecular
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basis of plant disease. Further investigation of the

mechanism of RSII-mediated recombination, are now underway

to determine the feasibility of using RSII to manipulate

recombination experimentally.
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CHAPTER III

NUCLEOTIDE SEQUENCE OF A REPETITIVE IS-LIKE ELEMENT OF
PSEUDOMONAE EYRINgAE PV. PHASEOLICOLA

ABSTRACT

The complete nucleotide sequence of one copy of RSII,

a repetitive element of Pseudomonas syringae pv.

phaseolicola LR700 which acts as an homologous site in

plasmid-chromosome recombination, was determined. RSII is

1175 by in length and terminates in a 17 by perfect

inverted repeat. Sequence analysis of the termini of a

second copy revealed that the left terminus of RSII

extends an additional 14 by distal to the 17 by repeat

The largest open reading frame on either strand could

encode a 24.3 kd protein of 214 amino acid residues.

Results of Southern blot hybridization indicate that the

approximately 19 copies of RSII that are present in LR700

are non-randomly distributed. Sequences homologous to

RSII are shown to be present in P. syringae pvs. alycippa,

striafasciens, morsprunorum and tomato and a P._syringae

isolate from Adzaki bean.
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INTRODUCTION

Prokaryotic transposable elements were first

discovered and characterized in Escherichia coli (13).

They have subsequently been described in many other

bacteria including Salmonella, Staphylococcus,

Haemophilus, Kiebsiella, Rhizobium lupini, Pseudomonas

auricanosa, P. putida (for reviews see refs. 2, 10 and

15), and P. syrinciae pv. savastanoi (3).

Studies have shown transposable elements to be major

contributors to genetic variability in bacteria.

Insertion sequences (IS), and the more structurally

complex transposons (Tn), can interfere with normal

transcription and also promote various rearrangements of

DNA. Transposition of these elements can result in

replicon cointegration and inversions, deletions and

duplications of adjacent DNA. Transposition results from

recombination between the transposable element and a non-

homologous target sequence. Some rearrangements which also

occur in the presence of transposable elements are,

however, due to identical elements acting as homologous

sites for general recombination. IS elements of E. coli,

for example, are known to act as homologous sites for

recombination in both F plasmid integration and excision

(5, 25).
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Strain LR700 of P. syrinclae pv. phaseolicola, the

halo blight pathogen of common bean, has been shown to

contain repetitive sequences of DNA (23, 24). One of

these sequences, designated RSII, is present in multiple

copies on the chromosome and on a 150 kb indigenous

plasmid, pMMC7105. Copies of RSII have been shown to act

as homologous sites for recombination resulting in

integration and imprecise excision of pMMC7105 in a manner

analogous to that of IS element-mediated integration and

excision of the F plasmid in E. coli (Ehrenshaft and

Mills, submitted for publication).

This paper presents the complete nucleotide sequence

of RSII which demonstrates that it has properties common

to prokaryotic IS elements. Southern blot hybridization

is used to estimate the copy number of RSII in LR700 and

to show the distribution and abundance of sequences

homologous to RSII in other related bacteria.
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MATERIALS AND METHODS

Bacterial strains, culture media, and DNA isolation.

Pathovars of P. syringae were cultured either in MaNY (4)

or LB medium (17) at room temperature and E. coli JM105

was grown in LB medium at 37 C. Genomic DNA was isolated

from pathovars of P. svringae as previously described by

Szabo and Mills (23).

Restriction endonuclease digestion and gel

electrophoresis. Restriction endonucleases and other

enzymes purchased from Bethesda. Research Laboratories and

Pharmacia were used according to their manufacturers'

instructions. Digested genomic DNA was separated by

electrophoresis through 0.8% agarose horizontal slab gels

submersed in Tris-acetate running buffer (17) and

visualized by staining with ethidium bromide.

Molecular cloning. Equimolar concentrations of vector

and insert DNA were ligated using T4 DNA ligase (Bethesda

Research Laboratories). Competent cells of E. coli JM105

were prepared and tranformed with recombinant DNA as

described by Messing (18).

DNA sequencing. The dideoxy chain termination method

of Sanger et al (20) as modified for incorporation of 355-

labeled dATP (1) was used for nucleotide sequence

analysis. HaeIII, TaqI, Sau3A, astI and XbaI were used to
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produce restriction fragments for cloning into M13 vectors

mpl8 and mpl9 (18).

DNA labeling and blot hybridization. Single-stranded

DNA was labeled with [a-32P]dCTP to a specific activity of

1.5-2.0 X 10 8 cpm/pg as described by Hu and Messing (11).

Electrophoretically separated DNA fragments were

transferred to nitrocellulose as described by Southern

(22) and hybridizations were performed in 50% formamide

buffer (17) with 0.5-1.0 X 106 cpm/ml at 42° C for

20-24 h. After hybridization blots were washed twice for

15 min at room temperature in 2X SSC (SSC is 150 mM sodium

chloride, 150 mM sodium citrate, pH 7.0) with 0.1% SDS and

twice for 15 min at 42° C in 0.1X SSC with 0.1% SDS.
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RESULTS

DNA sequence determination of RSII. In a previous

study (Ehrenshaft and Mills, submitted for publication)

different copies of RSII were demonstrated to act as sites

for plasmid-chromosome recombination. Two of these copies

were used for nucleotide sequence analysis. The complete

sequence of RSII from the 3.2 kb BamHI-EcoRI fragment of

BamHI-8 (Fig. III-1), the plasmid site of chromosomal

integration (23, 24, Ehrenshaft and Mills, submitted for

publication) was determined. The sequence is shown for

one strand only (Fig. 111-2). This copy of RSII is 1175

by in length and terminates in a 17 by perfect inverted

repeat. To delineate the end nucleotides of RSII, regions

of a second element were also sequenced. A comparsion of

the termini of the elements from the 3.2 kb BamHI-EcoRI

fragment and from a chromosomal 3.3 kb EcoRI fragment

involved in imprecise excision of plasmid sequences is

shown in Fig. 111-3. The beginning and the end of the

sequence as shown (Fig. 111-2) are designated,

respectively, the left and right termini of RSII. The 17

by inverted terminal repeat is perfectly conserved in both

copies of the left and right ends. There are an

additional 16 by distal to the terminal repeat which show

from 13 to 75% matching between the four termini analyzed.

The homology between two left termini extends 14 by with
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only a 2 by mismatch. The matching between the two right

termini extends only 2 by distal to the 17 by repeat. The

right terminus of the chromosomal element shares 5 and 6

of 16 by while the right terminus of the plasmid element

shares only 2 and 3 of 16 by with the two left termini.

The terminal inverted repeat of RSII shows no obvious

similiarities to any specific inverted repeat found on IS

elements or transposons.

The largest open reading frame on either strand of

RSII is 642 by and could encode a polypeptide of 214 amino

acid residues with a molecular weight of 24.3 kd. This

open reading frame is preceded by sequences with homology

to known Pseudomonas ribosome binding sites (9, 12, 21).

The second and third largest open reading frames on the

same strand are in frame with and internal to the largest

one (Fig. 111-2). These could encode polypeptides of 159

and 72 amino acids. Numerous smaller open reading frames

are also found on this strand as well as on the opposite

strand. The largest open coding region on the opposite

strand is 246 bp. Computer analysis of putative

polypeptides encoded by RSII revealed no obvious

relationships with polypeptides predicted from the open

reading frames of IS1, IS4, IS5 and IS903.
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Figure III-1. A) Restriction map of the 3.2 kb BamHI-EcoRI
fragment of pMMC7105 and the location of
RSII. B) Strategy used for nucleotide
sequencing of RSII. Arrows show the extent
and direction of sequence analysis. Both
strands have been sequenced.
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AGAGGTGTAGACAAAATA AATTAAACTTTCACTCCCTTGTCTGAATAGCCCT

61
CAAGCC ATG CCT AAA ACC GGA CGT CCT CGC TCG ATT GCC GCC

MET PRO LYS THR GLY ARG PRO ARG SER ILE ALA ALA

101
GAG CAC TAT CCC GTG CTG GTG AAA CTC GCT CAT GCA CAG CCC
GLU HIS TYR PRO VAL LEU VAL LYS LEU ALA HIS ALA GLN PRO

143
TAT TCC AGC CAG GCC GAA TTG GCG CTC GTA TTC TTC GCC GAA
TYR SER SER GLN ALA GLU LEU ALA LEU VAL PHE PHE ALA GLU

um
ACC GGT ATC ACT GCG CAT CCC GAC ACC TTT GCA AAA GCG TTG
THR GLY ILE THR ALA HIS PRO ASP THR PHE ALA LYS ALA LEU

227
AAA ATG GCA GGG ATT ACG CGT GTA AAG CAG CGG GCC AAG GGA
LYS MET ALA GLY ILE THR ARG VAL LYS GLN ARG ALA LYS GLY

269
AGT TTT CAG TCA CCT GAA CCT AAT AAA GCC TAT GGC TAC AAT
SER PHE GLN SER PRO GLU PRO ASN LYS ALA TYR GLY TYR ASN

311
GAA ACC CAC CGC CGC CAA CTG CCG GAG CAG CTA TAT CCG AGT
GLU THR HIS ARG ARG GLN LEU PRO GLU GLN LEU TYR PRO SER

353
TGC TTG ACA GAT ACC GAG TGG GCA CTG GTC GCC GAC CTG TTT
CYS LEU THR ASP THR GLU TRP ALA LEU VAL ALA ASP LEU PHE

395
GAA AGC CAG GGC GGA CGA GGA GTG CCA CCG CTT CAC TCT CGG
GLU SER GLN GLY GLY ARG GLY VAL PRO PRO LEU HIS SER ARG

437
CGC ACG TTG CTG GAA GCC TGT TGC TAT GTC GTA CGC ACG GGG
ARG THR LEU LEU GLU ALA CYS CYS TYR VAL VAL ARG THR GLY

479
TGC TCA TGG CGA ATG CTA CCC CGC GAT TTT CCT CAT TGG GAC
CYS SER TRP ARG MET LEU PRO ARG ASP PHE PRO HIS TRP ASP

521
AAT GTC TAC AAA ACG TTC CGC CGG TGG AGC GCT CAA GGC AAG
ASN VAL TYR LYS THR PHE ARG ARG TRP SER ALA GLN GLY LYS
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563
TTC GAG CAA ATG CAT GAT CGC TTG CGA GCT CAA TGG CGT GAC
PHE GLU GLN MET HIS ASP ARG LEU ARG ALA GLN TRP ARG ASP

605
GGG AAG AAC GCG CTG ACA GCC CGT CAG CAG CGA TCC TGG ATT
GLY LYS ASN ALA LEU THR ALA ARG GLN GLN ARG SER TRP ILE

647
CAC AGT CGA CCC GCA GTT CTC CTC AAG GCG GTG ACA GCG GCT
HIS SER ARG PRO ALA VAL LEU LEU LYS ALA VAL THR ALA ALA

89
ACG ACG

6AAG
GCA AAA AAG TGA AGGGGCGTAAACGAAGTCTGATTGTC

THR THR LYS ALA LYS LYS ***
740

GATACATTGGGCCTGCTGCTGGCTGTCAGTATCAGTGCTGCAAGCGTGCAGGAT
7sm

CGTGACGCGGCGGATGATGCGGTGGCGTACTCGAAGGAAAAATATCCGTCACTG
848

AGCACGCTTTTTGTTGATAGTGCGTACGCAGGAAAATGGGCACAGCGCACCCAT
2

CAACTGCACGCTATCGATGTTCAAGTGATCCGTGGCCCGAATAACAGAAGAACA
956

GGGCAATGGCACTCTGAACAAGGCGATCTATTTTCCGTGGAGCCTGTTCAGACT
1010

GGATTTGTGGTCATGCCCAAGCGATGGGTAGTTGAGCGAACTCATGCCTGGAAT
1064

GAGAGAGCTCGGCGACTGATCATGCATCATGATCGCCTTTTTGCGGTAAGCGAG
1118

GCATGGGTTTGGTTGGCCGAGGCTCGAATACTCGCGCGCCGACTCACTACATG
1172

FAWWWONVORIACTIN0414

Figure 111-2. The complete nucleotide sequence of RSII and
amino acid sequence predicted by the largest
open reading frame. The boxed sequences
are the terminal inverted repeats and the
underlined sequences are the proposed Shine-
Dalgarno (ribosome binding) regions.
Underlined codons at nucleotides 224 and 485
designate, respectively, the initiation
codons of the second and third largest open
coding regions.
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ATTTTGTCTACACCTCIAAGGAAGGTCTGAAGT 3.2 kb BamHI-EcoRI
plasmid fragment

ATTTTGTCTACACCTCTAAGGAAACTCTGAAAA 3.3 kb EcoRI
chromosomal fragment

ATTTTGTCTACACCTCTTAAGCGTACAAATTTC 3.2 kb BamHI-EcoRI
plasmid fragment

ATTTTGTCTACACCTCTTAGTGAATACCTCTGT 3.3 kb EcoRI
chromosomal fragment

Figure 111-3. Comparison of the sequences of A) the
reverse complement of the left termini
and B) the right termini of RSII from
the 3.2 kb BamHI-EcoRI plasmid fragment and
from the 3.3 kb EcoRI chromosomal fragment
at which imprecise excision occurred. The
17 by inverted repeat is boxed.
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Estimation of the copy number of RSII in strain

LR700. To estimate the copy number of RSII in strain

LR700, restriction digests of genomic DNA were analyzed by

Southern blot hybridization (Fig. 111-4). The digested

DNA was probed with 32P-labeled pOSU2480 which contains

the internal 480 by SstI fragment of RSII (Fig. III-1).

Approximately 13 fragments generated by PstI and Hindill

digestion hybridized to the probe while at least 19 EcoRI

fragments showed homology. Only 8 BamHI fragments

hybridized to pOSU2480. The intensity of hybridization of

some bands in the BamHI digest, however, suggests that

they are composed of two or more different fragments or

are fragments which contain more than one copy of RSII.

Distribution of sequences homologous to RSII in

pathovars of P. svringae. BamHI and EcoRI restriction

digests of genomic DNA from five P. syringae pathovars

were analyzed by Southern blot hybridization using 32P-

labeled pOSU2480 (Fig. 111-5). Approximately ten BamHI

and EcoRI fragments from an isolate of 13, syringae pv.

qlvcinea (lanes 1 and 5) and a P. svringae isolated from

Adzaki bean (lanes 4 and 8) hybridized strongly. Three

fragments in both the BamHI and EcoRI digests of

svrinqae pv. morsprunorum DNA (lanes 2 and 6) and one

fragment each from the BamHI and EcoRI digests of

syringae pv. striafasciens (lanes 3 and 7) hybridized less

intensely. A single fragment of P. svrinqae pv. tomato
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showed weak hybridization (data not shown). DNA from two

isolates of P. syringae pv. syringae and from one strain

each of P. syringae pvs. coranafasciens, marginalis, and

tabaci, failed to hybridize with RSII. Genomic DNA from

one isolate each of Acrobacterium tumefasciens, Erwinia

carotovora and Xanthomonas was also probed with RSII but

showed no homology.
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I 2 3 4
kb

Figure 111-4. Hybridization of pOSU2480 to total LR700
genomic DNA digested with 13amHI (lane 1),
EcoRI (lane 2), PstI (lane 3) and HindIII
(lane 4). No hybridization was observed
between vector M13 mp19 and LR700 genomic
DNA (not shown). Fragments of HindIII-
digested lambda DNA were used as molecular
weight standards.
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Figure 111-5. Total genomic DNA from P. svringae pv.
cilvcinea (lanes 1 and 5), P_i_syrinqae pv.
morsarunorum (lanes 2 and 6), P= syringae
pv. striafasciens (lanes 3 and 7) and a

sarinaae isolated from Adzaki bean (lanes
3 and 8) digested with BamHI (lanes 1-4) and
EcoRI (lanes 5-8). No hybridization was
observed with M13 mpl9 vector DNA (not
shown). Fragments of HindIII-digested
lambda DNA were used as molecular weight
standards.
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DISCUSSION

Previous studies (23, 24, Ehrenshaft and Mills,

submitted for publication) concerning the role of

repetitive sequences in plasmid-chromosome recombination

revealed similarities between RSII and E. coli IS

elements. Plasmid-chromosome recombination in Eisyru

pv. phaseolicola strain LR700 is analogous to that of F

plasmid integration into and excision from the E. coli

chromosome which occur by recombination at homologous IS

elements (5, 25). A copy of RSII in the chromosome and

one on pMMC7105 acted as homologous sites for

recombination which resulted in plasmid integration.

Other copies of this element in the chromosome and on

pMMC7105 served as homologous sites for imprecise excision

of plasmid sequences.

The nucleotide sequence of RSII has revealed that

physical properties common to IS elements are also found

in RSII. Prokaryotic IS elements have been shown to be

between 750 and 1600 by in total length with perfect or

imperfect terminal inverted repeats ranging from 8 to 40

bp. They also have one or more open reading frames that

are presumed to encode tranposases or other proteins

required for transposition (2, 10, 16). The size of RSII

(1175 bp) and the size of the terminal inverted repeats

(17 bp) as well as the presence of open reading frames are

consistent to those of known IS elements (6, 8, 10, 14).
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Proof that RSII is an IS element requires evidence

for self-promoted, transpositional recombination.

Changes in RSII copy number have been observed among LR700

and derivative strains (23). One explanation, among many,

for change in sequence copy number is transposition of the

sequence. Recently, Gay et al (7) constructed a broad

host range vector for use in the positive selection of IS

elements which may prove useful for detecting RSII

transposition. Recovery of a transposed RSII would also

facilitate the identification of the actual termini of the

element.

The absence of an EcoRI site in RSII indicates that

the 19 EcoRI fragments that hybridize to RSII represent a

conservative estimate of copy number (Fig.III-4). The

difference in the number of EcoRI(19) and BamHI (8)

fragments that hybridize to RSII reveals that RSII is

clustered in the LR700 genome. It is known from previous

studies that BamHI-R (10 kb), the chromosomal site of

plasmid integration, contains 2 (Ehrenshaft and Mills,

submitted for publication) and that pMMC7105 fragment

BamHI-1 (40 kb) contains at least two copies of RSII (23).

Intensely hybridizing bands that correspond in size to

these two fragments are seen in the autoradiogram (Fig.

111-4). All but one of the remaining BamHI fragments

correspond in size to other BamHI fragments previously

shown to contain RSII (23). These other fragments are
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present either on pMMC7105 fragments or fragments from two

F'-like excision plasmids which contain 134 kb and 90 kb

of chromosomal DNA from either side of BamHI-R, the

chromosomal site of plasmid integration. It appears,

therefore, that all but one copy of RSII can be found on

pMMC7105 or within 224 kb of the chromosomal site of

integration.

P. svrincae pv. phaseolicola strains isolated from

different geographic locations harbor plasmids that appear

to be related to pMMC7105 (19). Plasmids which range in

size from 40 to 150 kb have BamHI fragments which

corespond in size to fragments of pMMC7105. Some of these

plasmid BamHI fragmentsias well as fragments which don't

correspond in size to BamHI fragments of pMMC7105,

hybridized with a 32P-labeled probe containing RSII. The

involvement of RSII in plasmid evolution and recombination

in diverse strains of pv. phaseolicola, as well as in E.,

syrincae pathovars that contain sequences homologous to

RSII, remains to be determined.
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Iv. GENERAL CONCLUSIONS

Comparison of the plasmid (BamHI-8) and chromosomal

(BamHI-R) sites of pMMC7105 integration into Pseudomonas

syringae pv. phaseolicola revealed the presence of a

common repetitive sequence, RSII. One of the plasmid-

chromosome junction fragments, BamHI-a, was also examined

and shown to contain RSII. BamHI-a consists of RSII

flanked on either side by sequences from BamHI-8 and

BamHI-R. Copies of RSII acted as sites for a

recombination event which resulted in plasmid integration.

The sites of recombination which produced pMMC7115,

an excision derivative of pMMC7105, were also examined.

Recombination between BamHI-12 (of pMMC7105) and a second

copy of RSII present on BamHI-a resulted in excision of

pMMC7115. The BamHI-012 junction fragment contains DNA

of BamHI-a and BamHI-12 recombined at RSII. Integration of

pMMC7105 and excision of pMMC7115 appear to have occurred

by the same mechanism, that of recombination at copies of

RSII.

The entire sequence of RSII from the 3.2 kb agai-

EcoRI fragment of aamHI-8 and the ends of the element from

BamHI-a involved in excision of pMMC7115 were determined.

RSII has characteristics common to IS elements. RSII is

1175 by in size and has a 17 by perfect terminal inverted

repeat. An additional 16 by distal to the terminal repeat
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show from 13 to 75% homology. The largest open reading

frame in either strand could encode a polypeptide of 214

amino acids with a molecular weight of 24.3 kd. Putative

ribosome-binding sequences precede this open coding

region.

Southern blot hybridization indicates that

approximately 19 EcoRI fragments containing RSII are found

on approximately 8 BamHI fragments. All but one of the

BamHI fragments which hybridize to RSII correspond in size

to BamHI fragments previously shown to harbor this

repetitive sequence. These BamHI fragments are found in

pMMC7105 (150 kb) or on one of two F'-like excision

plasmids which carry 134 and 90 kb from either side of the

BamHI-R, the chromosomal fragment of plasmid integration.

Most copies of RSII, therefore, are known to be present on

a maximum of 374 kb of DNA.

P. gyringae pvs. striafasciens, glycinea,

morsprunorum and tomato and a p_t_gykingae isolate from

Adzaki bean contain sequences with homology to RSII. DNA

from two isolates of pv. svringae and one isolate each of

pvs. coranafasciens, marginalis and tabagi as well as DNA

from an isolate each of Agrobacterigm tumefasciens,

Xanthomonas and Erwinia caratovora were also hybridized to

RSII but showed no homology. RSII is known to play a role

in plasmid evolution in strain LR700 of Pligyringae pv.

phaseolicola. It is now of interest to determine what
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role, if any, RSII plays in recombination in other strains

of pv. phaseolicola and other pathovars of Pi_gyringae

which harbor RSII.
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