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ABSTRACT Two types of transposable elements, ISSJ and
IS52 (IS, insertion sequence), were found in Pseudomonas
syringae subsp. savastanoi (P. savastanot) that spontaneously
insert into and inactivate iaaM; the insertion results in the loss
of indoleacetic acid production and attenuation of virulence.
The nucleotide sequences of both IS elements have sizes and
structural features common to other prokaryotic IS elements;
1S51 is 1311 base pairs (bp) long and has terminal inverted
repeats of 26 bp; IS52 is 1209 bp long and has terminal inverted
repeats of 10 bp with a 1 bp mismatch. In the insertion
involving IS51, the trinucleotide sequence CAG is duplicated
within iaaM sequences at the recombination junction; in those
involving IS52 the tetranucleotide sequences TTAG or CTAG
are duplicated within iaaM sequences at the recombination
junction. A copy of ISS1 occurs 2.5 kilobases downstream from
IaaHJ. In contrast to the high copy number of IS51 in the
genome of the bacterium, only a few copies of IS52 are present.
No nucleotide sequence homology was found between ISS1 and
IS52. However, a striking nucleotide sequence homology was
found between a 531-bp region of IS51 and a portion of the
central region of transfer DNA (T-DNA) in the octopine
plasmid pTi15955 from Agrobaeterinum tumefaciens. These
observations, together with our earlier finding on the homology
between iaaM and iaaH and between gene 1 and gene 2 of
transfer DNA, further suggest that genes for indoleacetic acid
production in the two systems have a common origin.

The bacterium Pseudomonas syringae subsp. savastanoi (P.
savastanoi) incites the production of galls (knots) at the site
ofinfection on olive and oleander plants. Tumor formation by
these plants is a response to high concentrations of
indoleacetic acid (IAA) introduced into infected tissue by the
bacterium (1). The bacterium produces IAA from tryptophan
with indoleacetamide (IAM) as the intermediate (2). The
enzymes involved are tryptophan 2-monooxygenase, which
catalyzes the conversion of L-tryptophan to IAM, and IAM
hydrolase, which catalyzes the conversion of IAM into
ammonia and IAA (3). The genetic determinants for the two
enzymes, iaaM and iaaH, respectively, are part ofan operon
that is borne on a plasmid, pIAA, in oleander strains of the
pathogen; in olive strains the determinants are on the chro-
mosome.

Earlier, we showed similarities between the P. savastanoi
and crown gall systems for IAA synthesis (4). Nucleotide
sequences ofiaaM and iaaH show significant homology with
sequences of genes 1 and 2 of the transfer DNA (T-DNA) in
A. tumefaciens (4). Genes 1 and 2 ofT-DNA encode enzymes
functionally similar to the tryptophan monooxygenase and
IAM hydrolase from P. savastanoi (5-8).

We report here the characterization of two insertion
sequence (IS) elements, IS51 and IS52, found in avirulent
mutants ofP. savastanoi deficient in IAA prod uction (9). The
IS elements are of interest because they were ie sponsible for
loss ofIAA production and virulence by being integrated into
iaaM (3, 9). The nucleotide sequences of these IS elements
were determined. Strong homology was found between IS51
and a 528-base-pair (bp) region within the central region ofthe
T-DNA (Tj) of A. tumefaciens. The results suggest that the
homologous border sequence may be a remnant of an earlier
transpositional event by which the genes for IAA synthesis
were transferred between the two species of tumorigenic
bacteria.

MATERIALS AND METHODS
Bacterial Strains, Plasmids, and Media. Strains of bacteria,

plasmids, culture conditions, and media have been described
(4, 9). Spontaneous Iaa- mutants were isolated by selection
for a-methyltryptophan resistance (3).
DNA Isolation. Procedures for plasmid and total DNA

isolation, restriction endonuclease digestions, and electro-
phoresis in agarose gels were described (1).

Transfer of DNA to Filters and Hybridization. DNA frag-
ments were transferred from agarose gels to nitrocellulose
filters (Schleicher & Schuell) by the Southern blot procedure
(10). Hybridization was performed at 68°C as described by
Maniatis et al. (11).

Labeling of DNA. DNA preparations were labeled by
nick-translation (11), with DNase I (Boehringer Mannheim),
[a-32P]dATP (Amersham), and DNA polymerase I (New
England Biolabs). Labeled DNA was separated from the
unincorporated nucleotides by a nitrocellulose column
(Bethesda Research Laboratories; NACS PREPAC) (12).

Extraction of DNA from Agarose Gels. Endonuclease-
digestedDNA preparations were resolved by electrophoresis
on 1.0-1.2% low-temperature-melting agarose gels. Gel
slices containing the DNA fragments were put in appropriate
tubes with the elution buffer [0.5 M NaCl/10 mM Tris Cl, pH
7.5/1 mM EDTA] and incubated at 70°C until the agarose
melted completely. DNA was removed by passage through a
column of NACS nitrocellulose (12).

Ligation and Transformation of DNA. DNA was ligated
with T4 DNA ligase (New England Biolabs) by the proce-
dures of Maniatis et al. (11). Procedures for storage and
transformation of competent cells were described (1).

Cloning of IS Elements. Fragment fQ2M (9), bearing IS52
from strains PB205-1L and TK2015-3 (Fig. 1), was inserted
into the EcoRI site in the vector pBR328 and resulting

Abbreviations: T-DNA, transfer DNA-DNA transferred from the
Ti plasmid to a plant cell; Tc, center region of T-DNA; kb,
kilobase(s); bp, base pair(s); IS, insertion sequence; LAA, indole-
acetic acid; IAM, indoleacetamide; ORF, open reading frame.
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FIG. 1. Restriction maps of fragment M or fragment fQM (9)
isolated from different strains of P. savastanoi and sequencing
strategy used for nucleotide sequencing of IS51 and IS52. Positions
ofiaaMand iaaHin fragmentM are shown. Horizontal arrows below
the boxes show the extent and direction of sequence analysis. (A)
Fragment M in pLUC2 (wild type, TK2009). (B) Fragment Q11M in
pLUC12 (TK2009-5). (C) Fragment Ql2M in pTETl (PB205-1L). (D)
Fragment M2M in pTETl1 (TK2015-3). The boxed area represents
the inserted DNA. B, BamHI; Bg, Bgl II; H, HindIII; P, Pst I; PvI,
Pvu I; PvII, Pvu II; RI, EcoRI; RV, EcoRV; S, Sal I; Sc, Sac I; Sm,
Sma I; Sp, Sph I; Hin, HincII. The numbers above the solid arrows
indicate the position of nucleotides from the EcoRI site at the 5' end
of fragment M (4).

recombinant plasmids were transformed into Escherichia coli
HB101. Both orientation isomers of pBR328::fragment Q2M
hybrids from PB205-1L and TK2015-3 were found; and the
ones in which iaaM transcription was oriented with the
transcription of chloramphenicol resistance gene (i.e., clock-
wise) were designated pTET1 and pTET11, respectively.

Nucleic Acid Sequencing. The recombinant plasmids
pLUC12 (9), pTET1, and pTET11 bearing iaaM insertionally
inactivated by IS51 and IS52 provided the DNA to be
sequenced (Fig. 1). The plasmids were digested with selected
endonucleases, and the resulting restriction fragments were
cloned into the M13 vectors, mp8, mphl, mpl8, or mpl9 (13).
After transformation into E. coli 7118, white plaques were
screened by the method of Messing and Vieira (14). Phage
clones ofboth strands ofthe fragments bearing the IS element
and border regions were isolated for nucleotide sequencing.
A single-stranded phage template was prepared by the
procedure of Messing (13) and used for the dideoxy sequenc-
ing reactions described by Sanger et al. (15); dATP[a-35S]
(Amersham) (16) was used, and electrophoresis for nucleo-
tide sequencing was carried out in 8% polyacrylamide
(Bethesda Research Laboratories model 50; 34 x 40 cm, 0.2
mm thick) or 6% polyacrylamide (Bethesda Research Labo-
ratories model S1; 30 x 84 cm; 0.2 mm thick).

RESULTS
Restriction Maps of the IS Elements and Their Flanking

Regions. To characterize the IS element(s) found in strains

PB205-1L and TK2015-3, fragment [Q2M from pTET1 and
from pTET11 was mapped by single and double digestion
with different restriction endonucleases. Since both putative
IS elements from PB205-1L and TK2015-3 have the same
restriction sites Pvu I, Pvu II, Sph I, and Sal I and were
similar in size (Fig. 1), the two appear to be identical, and
clearly distinct from IS51.

Occurrence of IS52 on Plasmids and Chromosome. To
determine the distribution of the IS52 in the genome of
different strains, 32P-labeled plasmid pTET1 was hybridized
to DNA preparations bound to nitrocellulose filters. Purified
plasmid DNA that had been digested with EcoRI was
fractionated through an agarose gel and transferred to nitro-
cellulose filters (Fig. 2A). Hybridization with pTET1 was
observed in plasmid digests of strains carrying pIAA1
(TK2009, TK2015-3) at the positions of fragment M (M) or
fragment M2M (C2M), which involve iaaM sequence (Fig.
2B). On the other hand, strain PB205-1L carrying pIAA2 (9)
had another plasmid-borne sequence homologous to IS52.
Strains TK2009 and PB205-1L each showed at least five
chromosomal fragments that hybridized with IS52 (data not
shown).
A Copy of IS51 Occurs in Wild-Type pIAA1. Comai and

Kosuge (9) had shown that IS51 has several characteristic
restriction sites. The same pattern of restriction sites oc-
curred in pIAA1 approximately 2.5 kilobases (kb) down-
stream from the end of iaaH (C. Palm, personal communi-
cation) in wild-type strain TK2009. To determine if the
cleavage pattern is related to the occurrence of IS51, Pst I
digests of pLUC14 (9.7-kb HindIII fragment of pIAA1
carrying iaaH and 7.7-kb downstream region cloned in the
vector pBR328) (Fig. 3A) was hybridized with a single-
stranded DNA, M13mp8 clone carrying a 2.0-kb insert
containing IS51 (Fig. 3B); after hybridization the mixture was
digested with S1 nuclease (11). The identical protocol of
hybridization and S1-nuclease digestion was employed with
a second sample containing EcoRI digests of pLUC14 and
M13mp8 clone. Hybridized fragments protected from S1
digestion were detected by agarose gel electrophoresis of
Si-nuclease digestion mixtures. In both samples, a 1.3-kb
fragment corresponding in size to IS51 was generated (Fig.
3C). Moreover, the 1.3-kb fragment had Bgl II and Sal I sites
in positions identical to those found in IS51 (data not shown).
To further confirm if the fragment generated by S1 nuclease
is IS51, 32P-labeled plasmid pLUC12 was hybridized to
Si-nuclease digests (Fig. 3D). Only pLUC12 hybridized with
the 1.3-kb fragment (Fig. 3D, lane F); no hybridization
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FIG. 2. (A) Agarose gel electrophoresis of endonuclease EcoRI
digests ofthe total plasmids isolated from TK2009 (lane B), TK2015-3
(lane C), PB205-1L (lane D), and recombinant plasmid pTET1 (lane
E), pTETll (lane F), and pLUC12(ane G). Location of fragmentM
(M), fragment 02M (Q2M) (9), and vector pBR328 are shown. Lanes
A and H, HindIII digests of X DNA. (B) Southern hybridization of
lanes B-G with 32P-labeled pTET1 that contains IS52. The lanes
correspond to those in Fig. 2A.
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FIG. 3. Schematic presentation of S1-nuclease digestion to generate
repetitive sequences of IS51. (A) Partial restriction map of pIAA
plasmid carrying iaa genes and the 9.7-kb Hindfi fragment contained
in pLUC14. Arrows indicate the position of iaaM and iaaH. The
location of a putativeIS51 is also shown. (B) A map of a single stranded
DNA carrying a 2.0-kb fragment obtained by BamHI-Hindi double
digestion of fragment f1M (9) cloned in M13mp8 DNA. The solid line
flanking toIS51 is a part of iaaM fragment. B, BamHI; Bg,Bgl 11; H,
HindI; K, Kpn I; P, Pst I; RI, EcoRI; S, SalI. (C) Agarose gel
electrophoresis of samples digested with Si nuclease. Lane A, Pst I
digests of pLUC14. Lanes B-D, Si-nuclease digests of the hybridized
mixtures of M13 clone and Pst I digests of pLUC14 (see text); no

addition of Si nuclease(lane B), 40 units (laneC), and 60 units (lane D)
of SI nuclease. The arrow marks the position of a 1.3-kb IS51-like
fragment. The numbers on the left give the positions of the molecular
size standards (in kb). (D) Southern hybridization of S1-nuclease digests
to 32P-labeled probes. Lanes E and F, Sl-nuclease digests shown in
lanes B and C in C were blotted onto the nitrocellulose filter and
hybridized with 32P-labeled pLUC12, which bears IS51. Lane G,
Si-nuclease digests shown in lane C in C were hybridized with
32P-labeled pTET1, which bearsIS52.

occurred with 32P-labeled pTET1 that containsIS52 (Fig. 3D,
lane G). These results strongly suggest that a sequence

homologous toIS1 is present approximately 2.5 kb down-
stream from iaaH gene and further indicate that IS52 in
pTET1 (PB205-1L) is distinct from IS51.

Nucleotide Sequences ofIS51 andIS52. The nucleotide
sequences ofIS51, IS52, and their flanking regions were

determined.IS51 is 1311 bp long and has terminal inverted
repeats of 26 bp; additional 6-bp inverted repeats were found

after 6- or 7-bp mismatches (Fig. 4A). A 3-bp sequence, CAG,
at the target sequence in iaaM is duplicated at both recom-
bination junctions. Open reading frames (ORFs) of 357 bp
and of 258 bp, designated ORF1 and ORF2, respectively,
were found in one strand and ORFs of 321 bp (ORF3) and of
900 bp (ORF4) were found in the opposite strand. Several
ORFs of 200 bp are present in both strands. As noted in
position 950 (Fig. 4A), dinucleotides TG in the stop codon
(TGA) in ORF3 overlapped with the start codon (ATG) of the
longest ORF ORF4, which could be a transposase structural
gene. Moreover, based upon sequence similarities with
Pseudomonas aeruginosa (17), a possible ribosomal binding
sequence, AGAG, was found 8 bp upstream from the start
codon of ORF3; however, no such sequences are present
within 30 bp upstream in ORF1, ORF2, or ORF4.

IS52 from PB205-1L is 1209 bp long and has terminal inverted
repeats of 10 bp with 1-bp mismatches (Fig. 4B). A 4-bp
sequence, TTAG, of the target sequence is duplicated at both
recombination junctions. ORFs of 768 bp (ORF1), 264 bp
(ORF2), and two 237 bp (ORF3, ORF4) were found in one
strand, and 738 bp (ORF5) was in the opposite strand. Several
ORFs of 200 bp are present on each strand. No consensus
sequence characteristic of ribosome binding sites was found
within 30 bp upstream of the start codon of any ORFs.
Approximately 80%o of the nucleotide sequence of the IS
element in TK2015-3 was also determined (Fig. 1); it showed
perfect homology with the sequences ofIS52 in PB205-1L. No
significant sequence homology was found between IS51 and
IS52.

Nucleotide Sequences at the Target Sites. Nucleotide se-
quences of the target duplications made by IS elements at
recombinant junctions in pLUC12 (IS51), pTET1 (IS52), and
pTET11 (IS52) were CAG, TTAG, and CTAG, respectively
(Fig. 4), according to the nucleotide sequence of the iaaM (4).
It is likely that during integration IS51 makes a 3-base
staggered nick andIS52 makes a 4-base staggered nick at the
target sites. However, interestingly enough, both IS elements
appear to have the "hot spot" sequences of YAG at their
target recombination sites. No obvious consensus sequences
were found in the flanking regions of the IS elements target
sites apart from the target duplications.
Homology Between ISS1 and the Tc Region of T-DNA. When

we compared the nucleotide sequences ofIS51 andIS52 with
published sequences compiled by the Microgenie Programs
(Beckman), we found striking homology betweenIS51 and T,
region of the A. tumefaciens T-DNA (18) (Fig. 5). A portion
of IS51, within positions 9-539 in Fig. 4A, including the
integration site sequence AG, has a homology of 67.7% with
sequences from position 15,614 through 15,087 in the T,
region ofT-DNA from the octopine Ti plasmid pTi15955 (18).
These sequences in IS51 correspond to half of the largest
ORF at the carboxyl terminus; however, T-DNA contains
two ORFs, 459 bp and 462 bp, in this homologous region.

DISCUSSION

Two types of translocatable DNA elements, IS51 andIS52,
can integrate into and inactivate a bacterial gene, iaaM,
which encodes an enzyme concerned with virulence in the
plant pathogen, P. savastanoi. In confirmation of previous
hybridization experiments, at least 5 sequences homologous
to IS51 were found in digests of plasmids, and up to 20 in
digests of the chromosome of different strains of P.
savastanoi (9). However, the wild-type TK2009, which
carries pIAA1, had only chromosome-borne copies ofIS52,
which suggests that the transposition ofIS52 into iaaM in
IaaT mutant, TK2015-3, occurred from the chromosome.
Although all oleander strains of P. savastanoi so far exam-
ined contain bothIS51 andIS52, the number of copies ofIS51
is much higher thanIS52.

Genetics: Yamada et al.
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A
CBCATB < GACCGCCCCG6GTTTCTCGGAGACCTTTTGTTTGAGTCATBCCACCTcBGCA6ACTCGGTBA6TTGCT

1C ORF1 46RF40BATAATABATTBCTTCTBCTTCGACCGOTGGAAIATGACCGATT6BCTCCAGCABGCGBCBTGATT6AACCAGTCCACC
240

CATTTCABe6TTTCCAICTCCACCGCCCCCCITGTGBBCCAAGAGCGTC3ATBAATCACTTCAOCCTTGTAAABACCATT

6AT5BTCTCA8CCAAA6CATTQTCGTAAGAGTCACCGACACTCCCGACC6ATG6CTCAATACCGGCTTCBACAAeAC C
400

CGGTATABCGAATBGACACBTACT6CACBCCACGGTCACTGTGGTGAATQA6TCCACCCTeCTTBACTGB6C6ACet35CB
ORF1 4-1. 480

TAAAG6CTTGCTCCAGBTGCATCGAGTACAAAATCGGTACGCGCTGAACTGGACACCTTCCAACC(3ACGATBAATCGG8
560

CAAAGACATCAATGATGAAGGCCACGTAAACAAAACCCTGCCAGGTACTBACGTAGTTAAAGTCCGATACCCATABG6C6
r* RF2 640

TTCGGGCACTCABCCACAAACTGACGGTTGACATGATCCT6COBGCACGGCCTGGCTTG6TCGCTGACCGTCGTCTT6AC
720

GBGCTTGCCGCGTACCAC6CTTGCAGGCCCAGCTCTCCCATCAGACGTTBCACCBTACAGCGGBCGACTTGCA6TCCGTC
800

ACGCABCAATTGTC3CCAGACCTTGCGCACGCCATATACCTGBAAGTGCTCATCCCAGACTCBCTGGATGTGCTCACCCA
OR12 880

GTTCCTBGTCACBCTGC6CACGC6CTBACTGCTB3GCTGGGGTCAGCCT6CTBAGCA3CITACC6TAOGTACGTCBAC66
960

GCBATTGGCAACACCTTGCAAATCBGCTCGACCCCGTAAGACTBI3CBGTTTTCATCAATAAACGTCTTCATCGTTTGeAT
ORF4 4-4IRF3 1040

G65BCGBTC8A6CTCC6CCT868CAAAATAI38CT6AE3CCTTACBCAAGATCTC6TTAI3CTT5AC6CAACTBACI3TTCTC
1120

ACGCTCCAAGAGCTTGACTCGCTCACBTTCGACTGTGCTCAGCCCATCACGCTGICCI3CTGTTGCGCTCAGATT6GC6AA
1200

CCCACAGCC6TAATBTCTCGG3C6TICAGBCC6ATCTT6GIGE3CAAT6I.CACT8ATBSTBGCCCACT6CeACTCBTACTCA
1280

t36AAGGT6TTCGAAAACCATCCTGATI3CCCGCTCACGGACCTCT6B GATACTTCCGTAGTTTTTTCATC6CTCCATC
ORF-F3

CTCTCAAA66TT666TCCTCBA6AAACCQ8E3I3TTE3 Tf TCAAT

B
GCT! F orf 3 F
TTC1TT CC CCAAACT6TACCAAC3CCCBTAOCCTTGeCACACT6AGcACCTTCAACCACCCCTCTCCBT

160
BAOCCTOTTAC8CSCST9CA6AA6ACCTTCTCC8AACTCO8ATACACCOOCAPA3AAP ~TCBT GCTT

r* orf2 240
CTT6GCC6ACCTT6AACA6TTI1T6CCCTG68CeCAACTCaAAeccAeTeeICCCTTTCTTA CA CA6CA

ACBC6EWBtCCCIBC8ATC6BBTT6TCBCE3ATCT8C5CAT6TAT8TCBTECAI3CABTGTTTT GAATTrc20
400

GTACCGAA6ATGCCBTCTACGACAECCA3GCCATTCGTGTT I TATCGGCAlCI3ATCTGGGCCGTBAGTCGGCACCGGAT
orf2 480

GCCACCACCCTBCTWcBATTTCGTCeCTTBcTeOAAACCCATCABCTeACACSAGTBCTGTTTEAAAC8ATTAACCA8CA
560

TCTBGCCAGCCBABGTCTGCT6CTCAAGGAAGICACTATCGTCGACGCTACCCTBATCGCCGCBCCGCCCTCBGTCAAGB
640

ATCBA4ABCAACGT~oATcCCC~oA CATCP.WTAAAAcT AA'i4 CATSTOCAG~CcTTTOSST TECCACTT
ebrf4 720

GGTTTCGACGCCACGTCGGGGCTGBTGCACACGTAATAGOCACTOCTAACGTGGCGGbTCTCACCCAI3TTGATCA
800

GTTGCTGCACGGTGACAACTATGTTTCGBSTGACBCTBSATACACC aTGCCC CEG AT6CTAC
880

GGG3ACGTTATCTGGTC6ATTSCA(3CACG6CCA4ASC~ATTAC^AAG~cCASCACOB MCA(3CGT6CTCTATCCGGTCA 6
orf tn 960

CACAAAATTAMTATOCCAAGGCACTOCGTOCCAZGTCGAGCACCCTTCAATCAAB3TBC3CTTCAATCA
1040

TCGCAAG6TTC6CTACCGTQBGCTBGAAAAGAATACBGCBCABTTBTTCAGTTTGTTTGGGTTGSCCAATCTBATGCT8G
Jorf5 orf14-, 1120
CCAABCOBTATTTOCAACBBGGCGGCGGAwTAAATCCOTCTG4AAAGACG6GACTGCCCBTAAATCABCAAAAT

1200
GAAACCTGCCCCCGAAACGTAAAACAAGGTCGGCAGGGCGAAAAAAACBACTTBGAAATGGGGCGGT3CBAACGGATT
AATTOTT~oe=ST -II; .TGCCCCB

FiG. 4. Nucleotide se-
quences of IS51 (A), IS52 (B),
and their flanking regions. We
show only sequences of the up-
per (5'--3') strands, which is in
the same direction of transcrip-
tion of iaaM. The termini of the
insert are indicated by the brack-
ets. The terminal inverted re-
peats are underlined. ORFs
found in the upper strands are
indicated above the sequences:
those of the opposite strands are
shown below the sequence. The
boxed sequences adjacent to the
termini ofthe IS elements are the
direct repeats of the target sites.
Nucleotide sequences of the
flanking region of ISS1 in
pTET11 (TK2015-3) are shown
on the top and those in pTET1
(PB205-1L) at the bottom of the
figure in B. The dotted line rep-
resents putative ribosome bind-
ing site sequences (A).

IS51 and IS52 share features common to other IS elements somewhat unusual in that it has relatively large ORFs present
found in prokaryotic organisms with respect to inverted on both strands (codons in phase).
repeats present at both ends, to a short duplication of target The presence of a consensus sequence at the target sites is
sequences at recombination sites (i.e., CAG for IS51, TTAG less common among IS elements already sequenced by
or CTAG for IS52), to the size, and to polar effects (19). As others. Among the numerous prokaryotic IS elements char-
pointed out by Rak and Reutern (20) and others, many acterized, IS5 has been shown to have a consensus target
insertion elements have coding frames arranged in a charac- sequence, CTAA, CAAG, or CTAG (21, 22). Although our
teristic manner: namely, a large ORF coding in one direction data are based on samples from only three strains, it is
and a significantly shorter overlapping ORF in the opposite interesting to note that both IS51and IS52 are integrated after
direction with an identical frame configuration (codons in the consensus dinucleotide sequence of AG. There is, how-
phase). ISM) has the same characteristics; however, IS52 is ever, no consensus sequence at the right border. The

8266 Genetics: Yamada et al.
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9 A GAACCGCCCCGGGTTTCTCGGAGACCTTTTGTTTGAGTCATGCCACCTGGGCAGACT
15614 AG GACCGCACCGGGTTTGCCGGAGGCCATTTCGTTAAAATGCGCAGCCATGGCTGCTT

********** ******** ***** ** *** ** * ** ** *** * *

69 CGGTGAGT TGCTGATAATAGATTGCTTCTGCTTCGACCGGTGGAATATGACCGATTGGC
15554 CGTCCAGCATGGCG TAATACTGATCCTCGTCTTCGGCTGGCGGTATATTGCCGATGGGC

** ** ** * ***** * ** ***** * ** ** **** ***** ***

128 TCCAGCAGGCGGCGGTGATTGAACCAGTCCACCCATTTCAGGGTTTCCAGCTCCACCGCC
15495 TTCAAAAGCCGCCG TGGTTGAACCAGTCTATCCATTCCAAGGTAGCGAACTCGACCGCT

* ** ** ** ** ** *********** * ***** ** *** * * *** *****

188 CCCCGTGTGGGCCAAGAGC GTCGATGAATCACTTCAGCCTTGTAAAGACCATTGATG
15436 TCGAAGCTCCTCCATGGTCCACGCCGATGAATGACCTCGGCCTTGTAAAGACCGTTGATC

* * *** * * * ******** ** ** ************** *****

245 GTCT AGCCAAAGCATTGTCGTAAGAGTCACCGACACTCCCGACCGA1-GGCTCAATACCG
115376 GCTTCTGCGAGGGCGTTGTCGTGCT GTCGCCGACGCTTCCGATAGA1GGCTCGATACCT

* ** ** * ** ******* *** ***** ** **** ******** *****

-.(5 GCTTCGACAAGACGCTCGGTATAGCGAATGGACACGTACTGCACGCCACGGTCACTGTGG
15317 GCTTCTGCCAACCGCTCGGAATAGCGAAAGGACACGTATTGAACACCGCGATCCGAGTGA

***** * * ******* ******** ********* ** ** ** ** ** ***FI. 5. Homology between the nucleo-

365 TGAATGAGTCCACCCTGCTTGACTGGGCGACGGGCGTAAAGGGCTTGCTCCAGGTGCATC tide sequences of IS1 (first line) and the T,
15257 TGCACTAGGCCGCCATGA 6 CGGGACGCCGATCA'GATGAGCCTCCTCGAGG GCATC region of T-DNA of A. tumefaciens (second

** * ** ** ** ** * * ** ** ** * * * * ** * *** *** ***** line). One terminus of IS51 is indicated by a
bracket and a part of duplicated sequence,425 GAGTACAAAATCGGTACGCGCTGAACTGGACACCTTCCAACCGACGATGAATCGGGC^AA AG, at recombination junctions is dotted.

15201 GAGGCAAAGCCTGCATGTGCTGTCCGGCTCGCCCGCCATCCGACAAGCGACGGGCGAArs on top refer to the nucleotide*** *,,*** * * * * **** * * * ** *** ***** *** ***** ** Nmeso o ee otencetd
sequence of IS5 in Fig. 4, and those on

485 GACATCAATGATGAAGGCCACGTAAACAAAACCCTGCCAGGTACTGACGTAGGTA 539 bottom refer to the nucleotide sequences of
15141 GACGTCGATCACGAAGGCCACGTAGACGAAGCCCTCCCAAGTGGCGACATAAGTA 15087 the T-DNA of octopine plasmid pTil5955

*** ** ** * ************ ** ** **** *** ** *** ** ** (18). Asterisks show the base matches.

dinucleotide pair AG also occurs at the left border of the
sequences within the Tc region of T-DNA that show high
homology with IS51. The two different repeated sequences in
nifgenes of Rhizobium japonicum also show the tetranucleo-
tides sequence CTAG orGTAG at the recombination sites (23).
Moreover, IS51 terminates in the dinucleotide sequence
TG-CA, which has also been observed in IS3 (19), bacterio-
phage Mu, eukaryotic transposable elements, the provirus
forms of retrovirus (24), and Tn7 (25).

Earlier, we reported that iaaM and iaaH have significant
homology with genes 1 and 2 of A. tumefaciens T-DNA,
respectively (4). Suggestions have been made that the ho-
mology indicates a common origin for the genes or that genes
1 and 2 of T-DNA originated from P. savastanoi iaaM and
iaaH (26). The homology observed between IS51 and T,
region of A. tumefaciens T-DNA may indicate a remnant of
an earlier transpositional event by which iaaMand iaaH were
introduced into A. tumefaciens T-DNA from P. savastanoi.
The copy of IS51 that occurs 2.5 kb downstream from iaaH
may represent one border of a transposon originally intro-
duced into A. tumefaciens from P. savastanoi; the hypothet-
ical P. savastanoi transposon that contained iaaM and iaaH
subsequently underwent DNA rearrangement in A. tumefa-
ciens, leaving only functionally active iaaM and iaaH con-
served in the T-DNA. Interestingly enough, plasmids in
several Rhizobium species have homologous sequences at or
near the Tc region of T-DNA in the octopine type A.
tumefaciens where IS51 has a homology (27).

In the context of metabolic control, it will be interesting to
determine if genes concerned with secondary metabolism in
P. savastanoi are specific targets for inactivation by IS
elements. Perhaps insertional inactivation of a gene for an
enzyme diverting a primary metabolite into secondary me-
tabolism may be a means of preventing a drain in primary
metabolism when nutritional limitation becomes a threat to
the survival of the bacterium.
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