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A new insertion sequence (IS), designated IS1086, was isolated from Alcaligenes eutrophus CH34 by being
trapped in plasmid pJV240, which contains the Bacillus subtilis sacB and sacR genes. The 1,106-bp 151086
element contains partially matched (22 of 28 bp) terminal-inverted repeats and a long open reading frame.
Hybridization data suggest the presence of one copy of IS1086 in the strain CH34 heavy-metal resistance
plasmid pMOL28 and at least two copies in its chromosome. Analysis of the IS1086 nucleotide sequence
revealed striking homology with two other IS elements, IS30 and 1S4351, suggesting that they are three close
members in a family of phylogenetically related insertion sequences. One open reading frame of the
Spiroplasma citri phage SpV1-R8A2 B was also found to be related to this IS family but to a lesser extent.
Comparison of the G+C contents of IS30 and IS1086 revealed that they conform to their respective hosts (46
versus 50% for 1S30 and Escherichia coli and 64.5% for 1S1086 and A. eutrophus). The pressure on the AT/GC
ratio led to a very different codon usage in these two closely related IS elements. Results suggesting that 1S1086
transposition might be activated by some forms of stress are discussed.

Insertion sequences (IS) are a class of procaryotic trans-
posable elements (class I) capable of integrating into numer-
ous sites within genomes via a transposition pathway totally
independent of homologous recombination. IS are defined
genetic entities (usually 0.75 to 1.6 kb). They contain only
the genetic determinants for their transposition, which can
proceed through either a conservative or a replicative mode
or both (for reviews, see references 4, 9, 12, 15, and 17). IS
elements are responsible for the occurrence of a number of
genetic rearrangements, including insertions and deletions
which can result in gene activation or inactivation. We have
attempted to identify such IS elements in Alcaligenes eutro-
phus CH34. This strain was isolated near a metallurgical
plant from sediments highly contaminated with heavy metals
(19). It carries two large plasmids, pMOL28 and pMOL30,
which harbor genes encoding multiple resistance to heavy
metals. pMOL28 (163 kb) encodes resistance to nickel,
cobalt, chrome, mercury, and thallium, while pMOL30 (238
kb) specifies resistance to cadmium, zinc, cobalt, copper,
lead, mercury, and thallium (20).

Another remarkable feature of A. eutrophus CH34, whose
optimal growth temperature is around 30°C, is the high
degree of mortality occurring when it is grown at 37°C and
the very high proportion of mutants detected among the
survivors (21, 28). Cultures grown at 30°C and plated at 37°C
give rise to survivors at a frequency of 10~° to 10~*
compared with the viable count at 30°C, and 5 to 80% of
these survivors exhibit recognizable mutations such as aux-
otrophy for lysine (Lys™) or threonine (Thr~), inability to

* Corresponding author.

+ Present address: Institut Pasteur de Lille, Unité d’Oncologie
Moléculaire CNRS-URA1160, 59019 Lille Cedex, France.

1 Present address: Laboratoire de Génétique, Unité Transposi-
tion Bactérienne, Université Libre de Bruxelles, 1640 Rhode-Sainte-
Genése, Belgium.

8133

grow autotrophically (Aut™), inability to use nitrate (Nit™),
inability to use NH,", and inability to use tyrosine as a
carbon source accompanied by overexcretion of a dark-red
pigment (Tyu~) (21). This phenomenon was named “‘ther-
mospontagenesis’ (21). Substantial rearrangements in the
pMOL28 and pMOL30 plasmids in some of the mutants
recovered after thermospontagenesis were also observed.
One such rearranged plasmid is pMOLS0 (210 kb), a
pMOL28 derivative (163 kb) which kept all the metal resis-
tance markers of its parent (21, 28). This appearance of
mutations at a high frequency led us to investigate the
movement of mobile elements during the exposure at 37°C.
The suicide plasmid pJV240 was introduced in A. eutrophus
AE104, a plasmid-free derivative of strain CH34. pJV240 is
an IncQ broad-host-range plasmid bearing the sacB-sacR
region of the Bacillus subtilis chromosome (10, 34). The
sacB gene encodes levansucrase, which is toxic when syn-
thesized in gram-negative bacteria propagated on media
supplemented with sucrose (11). Cultures of AE104(pJV240)
grown at 30°C were plated at 30 and 37°C on plates with or
without sucrose, in the hope of trapping mobile sequences in
the sacB-sacR region of the plasmid.

MATERIALS AND METHODS

Bacterial strains, plasmids, and media. Bacterial strains
and plasmids are listed in Table 1.

Luria broth (LB) (30) and Luria agar (LA; LB supple-
mented with 1.5% agar) were used as liquid and solid media
to grow Escherichia coli and A. eutrophus strains. Kanamy-
cin was used at a concentration of 1,000 pg/ml.

Restriction enzymes and T4 ligase were purchased from
Bethesda Research Laboratories, Inc., Gaithersburg, Md.
Nitrocellulose membranes (GeneScreen; NEN, Boston,
Mass.) were used in Southern blotting experiments (29).

Construction of pJV240. The pL.S306 plasmid contains the
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TABLE 1. Bacterial strains and plasmids used

Strain l;f;:mgt Rele::::kg::smld Reference

A. eutrophus

CH34 pMOL28 Nic* Cob* Chr* 20

pMOL30 Cad* Zin* Cob*

AE104

AE245 pMOLS50 Nic* Cob* Chr* 28
E. coli

DHS5aF’ F’ $80dlacZAM15 13

CM656 pIVv240 Ap Km Sac* IncQ 34

CM404 pRK2013 Km Tra* 8

CM444 R388 Su Tp Tra* IncW 7

HB101 3

B. subtilis sacB and sacR genes on a BamHI-PstI fragment
(10) which was inserted into the pKT240 broad-host-range
plasmid vector (1) to generate pJV240 (34).

Triparental mating. Plate matings were carried out by
incubating three strains (partners) on an LB plate of rich
medium with appropriate controls. One partner contains the
plasmid (Tra~ Mob™*) to be mobilized in the final recipient
(second partner). The third partner contains the mobilizing
plasmid.

Two types of triparental matings were used. (i) The
mobilizing plasmid pRK2013 is used to mobilize pJV240 in
A. eutrophus. The counterselection of E. coli strains is made
through the carbon source (use of azelaic acid, which is a
good substrate for A. eutrophus). (ii) Plasmid R388 is used to
mobilize the Suc’ derivatives of pJV240 in HB101 (see
below). Counterselection occurred by selection at 42°C with
appropriate antibiotics.

Introduction of pJV240 into AE104 and isolation of sucrose-
resistant derivatives. pJV240 was introduced from E. coli
CMG656 into AE104, a plasmid-free derivative of CH34, by a
triparental mating. The third partner, E. coli CM404, carries
pRK2013, which can mobilize pJV240 but cannot be main-
tained in nonenteric bacteria (8). Transconjugants were
selected for their kanamycin-resistant phenotype. Suc’ mu-
tants were selected by plating cultures grown at 30°C on LA
plates supplemented with kanamycin with or without 5%
sucrose. The plates were incubated for 3 days at either 30 or
37°C. The plasmids from the Suc’ mutants found at both
temperatures were transferred in E. coli HB101 by triparen-
tal matings in which mobilization was mediated by the IncW
plasmid R388 carried by strain CM444.

Plasmid DNA was extracted by standard procedures (29)
for E. coli and by the method of Prakash et al. (24) for A4.
eutrophus. Plasmid DNA was analyzed with restriction
enzymes according to the supplier’s instructions.

DNA sequencing and sequence analysis. The BamHI-EcoRI
fragment from one derivative of pJV240 containing the
insertion was subcloned into M13mp18 and M13mp19. Part
of the sequence was determined by using the M13 universal
primers. Oligonucleotides synthesized by Cyclone DNA
synthesizer (New Brunswick Scientific, New Brunswick,
N.J.) were used as primers to complete DNA sequencing.
The nucleotide sequence of the fragment was determined by
the dideoxy-chain termination method (30) with both strands
of DNA by using 1 to 2 pg of single-stranded DNA as a
template, [*>S]dATP (NEN), and the Sequenase version 2.0
DNA sequencing kit (U.S. Biochemicals, Cleveland, Ohio),
as recommended by the manufacturer.
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Sequence comparison was carried out by using the
FASTA, LFASTA, and TFASTA programs (23). Data bank
searches included GenBank, the EMBL nucleotide sequence
data base (release 27), and the Swissprot Protein Sequence
Database (release 18).

Sequence analysis was performed by using the PC/GENE
program package (IntelliGenetics Inc., Mountain View, Cal-
if.).
Analysis of the genomic distribution of 1S1086. Total DNA
was extracted from CH34 and digested with BamHI, Pstl,
Xhol, EcoRlI, and HindIII. Southern blotting was performed
after the genomic DNA had been subjected to electrophore-
sis in a 0.8% agarose gel.

An Ncol-Xmalll 1S1086 fragment was labeled with
[32PJATP (NEN) and used as a hybridization probe.

Nucleotide sequence accession number. The EMBL Data
Library submission number for IS1086 is X58441.

RESULTS

Isolation of sucrose-resistant insertion mutants. A culture of
strain AE104(pJV240) grown at 30°C was plated on medium
with and without sucrose and incubated at 30 or 37°C in
order to determine the frequency of sucrose-resistant mu-
tants obtained with or without direct selection on sucrose
after incubation at these two temperatures.

When AE104(pJV240) was plated on LB medium without
sucrose and incubated at 30°C, no sucrose-resistant mutant
could be found among 1,000 colonies that were transferred
from the original plates without sucrose onto plates contain-
ing 5% sucrose. Plating on medium containing 5% sucrose
and incubation at 30°C resulted in a frequency of 2 x 1076
CFU compared with plating on medium without sucrose (10*
survivors per ml for 5 x 10° cells per ml plated).

When AE104(pJV240) was plated on medium without
sucrose and incubated at 37°C, a strong decrease in the
number of colonies due to thermospontagenesis was ob-
served, resulting in a frequency of survivors of 5 x 107>,

Finally, when AE104(pJV240) was grown at 30°C and
plated at 37°C on medium with sucrose, the frequency of
colonies obtained under these conditions was expected to
equal the product of the frequency of survivors at 37°C and
the frequency of sucrose-resistant mutants obtained at 30°C
and hence to be around 10!, Surprisingly, the number of
survivors found on medium with sucrose after incubation at
37°C was only 3 to 100 times lower than the number of
survivors obtained on medium without sucrose at the same
temperature (frequency, 2 X 107° to 5 x 10~7). This result
was confirmed by the following observation: among the
survivors (frequency of 5 x 107°), on medium without
sucrose incubated at 37°C, 14.5% had become sucrose
resistant, as determined by testing the colonies on medium
with sucrose. This suggests that a very efficient mutation
mechanism is active during thermospontagenesis.

To examine which types of mutations were responsible for
sucrose resistance at 30 and 37°C, plasmids from 30 inde-
pendent sucrose-resistant mutants obtained at each temper-
ature were transferred to E. coli HB101 by triparental
matings. The transconjugants recovered were purified and
examined for their plasmid content. At 37°C, 12 of 30
mutated pJV240 plasmids had increased in length by approx-
imately 1.1 kb. At 30°C, 12 of 30 mutated pJV240 plasmids
also had a similar increase of 1.1 kb. This indicated that an
enlargement of pJV240 occurs with equal frequencies at both
temperatures. Restriction analysis and hybridization studies
showed that although the insertion had occurred at different
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FIG. 1. (A) BamHI-PstI double-digestion restriction patterns for pJV240 (lane 2) and plasmids of three Suc’ mutants (lanes 3 to 5). Two
of them (lanes 4 and 5) display a heavier restriction fragment. Lambda phage DNA digested with HindIII (lane 1) and with Ps¢I (lane 6) was
used as molecular weight markers. (B) Restriction map of the sacB-sacR region and 1S1086, with localization of various IS1086 insertions and
their flanking sequences. Arrows indicate different orientations of insertions on two strands. Target sequences are underlined. Two
independently isolated IS1086 elements were mapped in the same site (at nucleotide 504 in the sacB gene).

positions in the sacRB operon, it was the same DNA
insertion in all cases.

Figure 1A shows the restriction patterns of three mutated
(at 37°C) pJV240 plasmids digested by BamHI and PstI. The
sizes of the fragments showed that two of these mutated
plasmids had acquired an insertion of approximately 1.1 kb.

Digestion with various enzymes of the heavier BamHI-
Pstl sacB fragment and comparison with the corresponding
fragment of the parental pJV240 led to the restriction map for
the insertion shown in Fig. 1B. The presence of these
restriction sites was confirmed for other insertions which are
shown in Fig. 1B.

Complete nucleotide sequence of IS1086. The IS which
maps near the junction between sacB and sacR (Fig. 1B) was
entirely sequenced as described in Materials and Methods.
The complete insertion is 1,106 bp long. It possesses all the
characteristics expected of an IS: 3 bp (CCT) of the target
sequence have been duplicated and flank the insert, which is
bordered by a 28-bp inverted repeat with 6 bases mis-
matched (see Fig. 2 and 4). Hereafter we shall refer to it as
IS1086. The left and right IS-sacB junctions were sequenced
in three other plasmids.

Among these four independently isolated insertions ob-
tained at 37°C, two mapped at exactly the same target site
and generated the same CCT duplication (3 bp). For a third
insertion, the target site was different and a TGT triplet of
the target had been duplicated. The fourth insertion was
flanked by CT on one side and CCT on the other.

The fourth insertion occurred before a CCT, generating an
incomplete (from CCT to CT) or an incorrect (from CC to
CT) duplication of 2 bp. Thus, IS1086 may have a preferred
target and usually duplicates 3 bp.

Open reading frames (ORFs) of IS1086. The 1S1086 coding
capacity was analyzed by the method of Kolaskar and Reddy
(18). The results are shown in Table 2.

On one strand, two distinct ATG codons could be consid-
ered as translational start signals corresponding to a 339-
amino-acid polypeptide and a 325-amino-acid polypeptide
(Fig. 2). Two putative ribosome binding sites are also
present just upstream of two ATGs, as indicated in Fig. 2.
Further experiments are obviously required to identify the
actual initiation codon. It is plausible, however, that a single
OREF could span up to 92% of the entire nucleotide sequence

of IS1086. Because of the presence of translational consen-
sus signals and a striking homology with two other IS (see
below), the putative ORF of IS1086 is likely to be functional.
Three types of promoters have been reported for A. eutro-
Pphus (16, 31, 33). No corresponding consensus preceding the
two potential initiation codons just described could be de-
tected.

On the opposite strand, no transcriptional or translational
initiation signal could be found upstream of a potential ORF
starting at position 704 and consisting of 109 amino acids
(Table 2).

The DNA sequence was also screened for palindromic
sequences, and only one was found between nucleotides 131
and 156 (Fig. 2).

Homology with other IS. To determine whether the I1S1086
sequence is related to other known DNA sequences, partic-
ularly to those of IS elements, data banks were screened.
Two sequences displaying significant levels of homology
with IS1086 were found. Both are IS elements: IS30 isolated
from E. coli (5, 6) and 1S4351 isolated from Bacteroides
fragilis (25). Figure 3 shows an alignment of the three
sequences. The best alignment is observed in the C-terminal
quarter of the three putative ORFs.

A search of the EMBL nucleotide sequence data base
(release 27) by using the TFASTA program revealed in
addition limited but significant similarity between the puta-
tive IS1086 transposase and one of the proteins potentially
encoded by the Spiroplasma citri phage SpV1-R8A2 B
(ORF3) (26). The phage genome consists of a circular
single-stranded DNA of 8,273 bases. ORF3 of the phage also
shows homology with IS30 and IS4351 putative trans-
posases. Table 3 compares the percent identity and percent
similarity between each pair of these four elements.

TABLE 2. Coding capacity of 1S1086

1S1086 Initiation Termination No. of amino
strand codon position codon position acids
1 56 1072 339
98 1072 325
2 704 1030 109
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M
ccT CCTCAAATCTGAAGTGCAACACCTTGCCATTCGGTAAGGTGTGGTGAATG 58
—pg—

2 TRTIKY L QP EERMTPBRTIETIUWEK 21
59 ACGAGAACGAAGTACCAACAACTACAACCCGAAGAACGCATGCGCATCGAGATTTGGAAG 118
—RBg—

22 A EDV S LRAMARRBRLGR RAPSTL 41
119 GCAGAAGATGTCAGCCTGCGGGCCATGGCCCGCAGGCTTGGCCGCGCGCCTTCGACACTG 178

62MRELRRNA"I‘ARGGYGAHSAQ 61
179 ATGCGTGAGCTTCGCCGCAATGCCACCGCCCGTGGCGGCTATGGCGCAATGAGCGCACAA 238

62 A C R T QR L KA SURUPUVAIKTLATZPTUDG 81
239 GCCTGCCGTACGCAACGCCTCAAGGCCAGCCGTCCGGTCGCTAAGCTCGCTCCTGATGGC 298

82 V L WGV VRHETFTILD K W s P Q E I s 101
299 GTATTGTGGGGCGTGGTGCGCCACTTCCTCGATCAGAAGTGGTCGCCCCAGGAAATCTCC 358

102 G T L K R A F P D P DL NV SHETTI 121
359 GGTACGCTCAAGCGGGCCTTTCCTGACCAACCCGACCTCAACGTGTCCCACGAGACCATC 418

122 Y N A I Y A Y PR G ELRURAO QLTI ATCL 141
419 TACAACGCCATCTACGCATACCCGCGGGGTGAGCTGCGCCGCCAGCTCATCGCCTGCTTG 478

142 R Q AR T KR L PR S RGTUDURI RGO QTI 161
479 CGACAGGCCCGAACCAAGCGTCTGCCGCGCTCGCGTGGAACCGACCGGCGCGGCCAGATT 538

162 P D MV s I HV R PPEVNDR RTILMPG 181
539 CCCGACATGGTCAGCATTCACGTGCGCCCGCCCGAGGTGAACGACAGGCTGATGCCCGGG 598

182 H W E G D L I K G A G NQ S AV G VLUV 201
599 CACTGGGAGGGCGACCTCATCAAGGGGGCGGGCAACCAATCCGCCGTAGGCGTGCTGGTT 658

202 ERM SR AV L LV KMEPUDATAAS A - 221
659 GAGCGCATGAGCCGCGCCGTACTGCTGGTCAAGATGCCAGACGCCACCGCTGCATCGGCT 718

222 L A G F TG KL S L VA P LR T L T 241
719 CTGGCCGGCTTTACCGGGAAGCTGCAATCCCTGGTGGCGCCGCTGCGCCAGACCCTGACC 778

262 Y D QG R EMARI EHEATETLSAATGUVR 261
779 TACGACCAGGGTCGAGAGATGGCCAGGCACGCCGAACTGAGCGCCGCCACTGGCGTGCGA 838

262 VY F CDUPH S P WQRGTTGCENTNG 281
839 GTGTACTTCTGCGACCCGCACAGCCCCTGGCAGCGCGGCACCTGTGAGAACACCAATGGT 898

282 L L R Y LPKGTDULS VY S QETETL 301
899 CTGCTGCGCCAGTACTTACCCAAGGGCACCGACCTGTCCGTCTACTCGCAGGAGGAACTT 958

302 D A I ADSLNGRUPRIKTLNWHSP 321
959 GACGCCATCGCCGACAGCCTCAACGGCCGCCCGCGCAAAACCCTGAACTGGCACTCCCCG 1018

322 L Q VLAQVLANEPTDTRIULTEPUV
1019 CTACAAGTCCTCGCTCAGGTTCTGGCCAATCCCACGGACCGGCTTCCTGTTCAATAACCA 1078

1079 AGGGGTGTTGCGCTTCGCACTTGAAA( cgmg-

FIG. 2. IS1086 nucleotide sequence. Target repeats are boxed.
Imperfect inverted repeats are underlined with an arrow. Two
putative translation initiation codon ATGs are located at bp 56 and
98. Two potential ribosome binding sites (RBS) are shown. The
palindromic sequence is indicated in boldface.

Homology within inverted repeats. The degree of homology
between the inverted repeat of IS1086 and the equivalent
sequences of IS30 and IS4351 is shown in Fig. 4. These three
elements share two conserved blocks of 4 and 5 nucleotides
(... TCAA ......GCAAC). In the case of the inverted
repeat of SpV1-R8A2 B, the left and the right repeats are
adjacent on the circular genome and are separated by 3 bp
around nucleotide 4737. Contrary to the ORF region whose
sequence homology with SpV1-R8A2 B is on the borderline
of what is considered significant, the inverted repeat of
IS1086 shares a very striking identity (76%) with that of
SpV1-R8A2 B (Fig. 4). The block GCAAC is common to
both repeats in the three IS elements and in the phage.

Comparison of the G+C contents of 1S1086, 1S4351, and
IS30. Because the genomes of A. eutrophus, E. coli, and B.
[fragilis differ in G+ C content, it was of interest to determine
whether the three related IS had G+C contents which
correspond to those of their host organisms. The results are
shown in Table 4: the G+C contents of the three IS closely
match those of their hosts. As also emphasized in Table 4,
the bias toward G/C or A/T (22) resides essentially at silent
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151086P MTRTK--mnmemmm YQQLQ PE 12
Is3op MRRTITAEEKASVFELWKNGTGFSEITNILGSKPGTIFTMLRDTGGIKPH 50
IS4351RP MSKHITEEQR YA 12
* .
151086P ERMRI---cccoen- EIWKA--EDVSLRAMARRLGRAPSTLMRELRRNAT 50
1s30p ERKRAVAHLTLSEREEIRAGLSAKMSIRAIATALNRSPSTISREVQRN-R 99
IS4351RP  —--mcmmmmmmmmeo ISM.QIPHS]G(AIAEAIGV'DKSTVYREIKRNCD 46
FE R IR T
151086P ARGGYGAMSAQACRTQRLKA-SRPVAKLAPDGVLWGVVRHFLDQKWSPQE 99
1s30p GRRYYKAVDANN-RANRMAK-RPKPCLLDQNLPLRKLVLEKLEMKWSPEQ 147
IS4351RP ARSGSYSHELAQRKADRRKQQKHRKEVLTP- -AMRIG\IIKLLKKGFSPEQ 94
Lok ke,
151086P ISGTLKRAFPDQPDLNVSHETIYNAIYAYPR--GELRRQLIACLRQARTK 147
1s30p ISGWLRRTKPRQKTLRISPETIYKTLYFRSR--EALHHLNIQHLR--RSH 193
IS4351RP IVGRSR--- -LEGIAMVSHETIYRHIWEDmGGKLHK- -<«-YLR----- 131
* %, . hkkkk L .. ok
1S1086P RLPRSRGTDRRGQ--~-~-- IPDMVSIHVRPPEVNDRLMPGHWEGDLIKG 190
1s30p SLRHGRRHTRKGERGTIN--IVNGTPIHERSRNIDNRRSLGHWEGDLVSG 241
IS4351RP - -RQGRRYAKRGSDIAGRGFIPGRVDIDERPEIVELKERFGDLEIDTIIG 179
. P LI S ce . LN A
151086P AGNQSAVGVLVERMSRAVLLVKMPDATAASALAGFTGKLQSLVAPLRQTL 240

1s30P T-KNSHIATLVDRKSRYTIILRLRGKDSVSVNQALTDKFLSLPSELRKSL 290

1S4351RP KNHKGAILTINDRATSRVWIRKLSGKEAIPV-AKIAVWALRKVKNLIHTI =~ 228
A ceee ee s s ee * ..
151086P TYDQGREMARHAELSAATGVRVYFCDPHSPWQRGTCENTNGLLRQYLPKG 290
Is30P TWDRGMELARHLEFTVSTGVKVYFCDPQSPWQRGTNENTNGLIRQYFPKK 340
IS4351RP TADNGKEFAKHEEIAQKLEIKFYFCKPYHSWERGANENTNGLIRQYIPKG 278
ok kK Kk K Lol RER Rk kk, kkddkkk kkk dk
IS1086P TDLSVYSQEELDAIADSLNGRPRKTLNWHSPLQVLAQVLANPTDRLPVQ 339
Is30P TCLAQYTQHELDLVAAQLNNRPRKTLKFKTPKEITERGVALT----- - D 383
IS4351RP KDFSEVTNKQIKWIENKLNNRPRKRWYLTPNMQIINQNSVAFA-S 326
ke kkkk kK,

FIG. 3. Alignment of amino acid sequences of 1530, 151086, and
IS4351. Identical (*) and similar ( - ) amino acids are indicated.

sites (i.e., sites accepting synonymous substitutions in
codons).

Genomic distribution of IS1086. After Southern blotting of
CH34 genomic DNA digested with several restriction en-
zymes, the IS1086 probe (see Materials and Methods) was
found to hybridize with two EcoRI, two HindIIl, two Xhol,
and two Pstl fragments in addition to a fragment from
pMOL28 (see below). As no site for these endonucleases is
present in IS1086, at least two copies of the IS should exist
in the chromosome of CH34.

The two large plasmids, pMOL28 and pMOL30, from A.
eutrophus CH34 and the rearranged plasmid found after
thermospontagenesis, pMOLS0 (a derivative of pMOL28)
(28), were also digested with EcoRI, and the restriction
fragments were hybridized with the same 1S1086 probe after
blotting. The probe hybridized only with one pMOL28
4.8-kb EcoRI fragment (data not shown). This fragment did
not exist in pMOLS0, in which it was replaced by a 3.7-kb
fragment (Fig. 5). This new fragment did not hybridize with
the IS1086 probe, although it strongly hybridized with the
pMOL28 4.8-kb EcoRI fragment (data not shown), suggest-
ing that IS1086 was lost during the rearrangement which
generated pMOLS0. The relative position of the 4.8-kb

TABLE 3. Identical and conserved amino acids between 1S1086,
1S30, 1S4351, and SpV1-R8A2 B

% ldentity or similarity with?:

Sequence
1S1086 1S30 1S4351 SPV1-R8A2 B
1S1086 100 60.9 53.0 53.4
1S30 42.8 100 52.4 49.1
1S4351 31.2 323 100 52.2
SpV1-R8A2 B 27.2 25.6 30.2 100

2 Percent conserved similarities between the four elements are shown
above the diagonal, and percent identities are shown below.



VoL. 174, 1992

SpV1R8A2L  ATGCATCC TGTA A T CTGA|A|GT|GCAAC|AAATC
SPV1R8A2R HEXANKTA AhkN k] Akkk LR R
IS1086L GGCGGCC | TCAA|A T CTGA|A|GT|GCAAC|ACC
IS1086R *kkk kDT | *kkk [G * GO** el BT E 2
1S4351L GCTGAAT [TCAA|C T TGCA|A|AT|GCAAC
IS4351R CT***Gh | *k*sw|* % *AT* k[ hhhrw
IS30L TGTAGAT |TCAA|T T GGTC|A|AC|GCAAC(A
IS30R hkdkkhn | wwwn|n C Praw *D | wkhn | w

FIG. 4. Alignment of inverted repeats of three IS elements and
bacteriophage SpV1-R8A2 B. Two well-conserved blocks are
boxed. Matched sites between the left and right repeats are indi-
cated (*).

EcoRI fragment which shelters IS1086 in pMOL28 is not yet
known.

DISCUSSION

We have identified a new mobile DNA element in A.
eutrophus CH34. This element is expected to be an IS, for
the following reasons. (i) It was inserted in the sacB gene
after selection for Suc® (i.e., sacB) mutants. (ii) It displays
significant homology with two previously described IS, IS30
from E. coli and 1S4351 from B. fragilis. (iii) Its primary
structure is similar to that of an IS (9): it is 1.1 kb long, which
is typical of IS; it contains imperfect inverted repeats of 28
bp; and it is flanked in most cases by a direct duplication of
3 bp of the transposition target sequence. This is different
from IS30, which generates a 2-bp direct repeat (6). Like
IS30 and 1S4351, IS1086 contains a unique potential ORF of
339 codons which covers 92% of the total length of the
element. The corresponding protein is likely to be the
transposase. :

1S1086 was found in the mutated pJV240 plasmid of about
50% of the Suc’ mutants, whether they had been obtained at
30°C on plates with sucrose or at 37°C on plates with or
without sucrose. The frequency of Suc™ mutants (i.e., the
ratio of Suc’ colonies to the viable count) was higher
(1,000x) at 37°C than at 30°C, whether they were recovered
with or without selection on sucrose. Since we know that the
Suc® mutants do not constitute a fraction of the population
which is resistant to exposure to 37°C (data not shown),
these results suggest that ISI1086 transposition (as well as
other mutagenic events) is activated at 37°C. It is also
intriguing that the pJV240 sac genes which originate from B.
subtilis have a G+C content different from that of the A4.
eutrophus host, which may be the reason for the high
frequency of insertion observed in those genes.

The amino acid sequence of the large IS1086 ORF shows

TABLE 4. G+C contents” at silent sites

No. of nucleotides

IS % G or C
A C G T Total

1S1086

Total 200 358 300 159 1,017 65

Silent sites 40 183 94 43 360 77
1s30

Total 374 259 268 251 1,152 46

Silent sites 140 107 75 112 434 42
1S4351

Total 350 177 250 201 178 43

Silent sites 111 76 71 87 345 43

“ G+C contents for A. eutrophus, E. coli, and B. fragilis are 69.5, 50,
and 43%, respectively.

IS1086 FROM ALCALIGENES EUTROPHUS 8137

FIG. 5. Results of digestion of pMOL28 and pMOLS50 (a deriv-
ative of pMOL28 from thermospontagenesis) with EcoRI. The
4.8-kb fragment (lane 4) which contains ISI1086 in pMOL28 is
replaced by a 3.7-kb fragment in pMOLS50 (lane 3). Lane 2 is a CH34
chromosomal EcoRI digestion.

homology with those of E. coli IS30 and B. fragilis 1S4351. A
low degree of conservation in the amino acid sequence of the
long ORF might indicate an ancient origin for the family
constituted by these IS elements, as suggested by Schwartz
et al. (32) for elements belonging to the IS2-IS3 family.
However, intra- or interspecies gene transfer events among
eubacteria as well as selective pressure (e.g., on base
composition and codon usage) on these elements when they
migrate into a new genus may result in a rapid divergence
that could be mistaken for a common ancestry. The mean
G+C content of IS30 (46%) is still a little lower than the
genomic G+C content of its E. coli host (50%), particularly
at silent codon positions, suggesting that IS30 might be a
recent immigrant in E. coli. Also supporting this view is the
finding that AUA, AGG, AGA, and CGA codons, which are
infrequent in E. coli genes, are more frequent in IS30 (35).

Besides the two or three small conserved blocks existing
at the beginning and in the middle of the I1S30-, 1S1086-, and
IS4351-encoded proteins, the identity is most striking
towards the C-terminal end. In view of the conserved blocks
of bases in the inverted repeats of the three elements, this
suggests that the well-conserved region carries the end-
binding domains of the transposases, which is similar to the
organization of transposases in the IS3 family (32) and in
IS10 (14).

In spite of their sequence similarity, the G/C bias of these
IS elements leads naturally to a different codon usage; for
instance, 92% of lysine codons in IS1086 are AAG whereas
only 25% are in 1S30.

The homology between IS1086 and part of the S. citri
phage Spvl-R8A2 B genome is interesting. Although the
phage genome is a single-stranded circular DNA, it has
homology with its host genome, and one of its ORFs (ORF4)
displays a low level of homology with Salmonella phage P22
integrase. It was therefore suggested that the corresponding
protein could catalyze integration of the Spvl-R8A2 B
genome into the host chromosome (2, 26). Our results
suggest that, alternatively, the protein encoded by ORF3
could act on the adjacent inverted repeat to catalyze inte-
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gration of the phage genome, in which case SpV1-R8A2 B
could be a new kind of mutator or transposing phage whose
genome is packaged as a single strand.

Since S. citri is gram positive according to Woese (36), we
postulate that the IS1086 family is present in a large range of
eubacterial species. Similar findings for other IS elements,
for example, IS257, have been reported previously (27). If
intra- or interspecies gene transfer is the basis of the rela-
tionship between 1S30, IS4351, and IS1086, it would be
interesting to know which mechanisms (if any) would act to
adapt the invading genetic information to the host G+C
content and at what pace.
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