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A new insertion sequence, IS186, has been identified from Escherichia coli and sequenced. It contains 1336

base pairs with a terminal inverted repeat of 22 nucleotides. A long open reading frame, from an ATG codon

at position 55 to a TAG termination codon at 1327, could code for a polypeptide of 424 amino acids. This
element recognizes GC-rich regions as target sites for insertion.
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1. INTRODUCTION

Bacterial insertion sequences (IS) are small
transposable elements that contain no phenotypic
markers. Presumably, they carry only the genetic
information necessary for transposition [1]. Most
bacterial IS that have been analyzed at the
nucleotide sequence level range in size from 750 to
1600 bp and contain at least one long open reading
frame [1]. These elements have certain unusual
features in common [2]: (i) they contain a short ter-
minal inverted repeat of 20—40 bp; (ii) they
generate short direct repeats of various sizes
(2—20 bp) upon insertion at the host target se-
quence; (iii) they can enhance or repress the expres-
sion of a gene in a bacterial operon. This type of
repression is known as a polarity effect.

IS elements can mediate gene rearrangement,
deletion and inversion. Precise excision of these
elements can restore normal function of the gene
[3). Khorana and his co-workers [4] have
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demonstrated a high frequency of spontaneous
mutations in the bacteriorhodopsin gene in
Halobacterium halobium generated by IS elements
(ISH1 and ISH2). Devos et al. {5] cloned a cDNA
copy of RNA phage MS2 in pBR322 by the dA-dT
linker method and observed a hot spot for the in-
tegration of IS1 near one of these linkers.

We have identified a new insertion sequence,
1S186, during the course of mapping and sequenc-
ing cDNA clones from rubella virus. These were
constructed by a conventional dG/dC tailing pro-
cedure at the Pst1 site of plasmid pBR322 [6]. Of
the 6 clones sequenced, 3 were found to contain the
new insertion sequence (IS186). IS186 consists of
1336 base pairs with a perfectly matched terminal
inverted repeat of 22 nucleotides. It has one long
open reading frame (ORF) which could code for a
polypeptide of 424 amino acid residues. This inser-
tion element recognizes GC-rich regions and in-
serts into or near the GC-tail of ¢cDNA clones.
Here we describe the structural analysis of 1S186.

2. MATERIALS AND METHODS

2.1. Enzymes and chemicals
Restriction endonucleases, T4 DNA ligase,
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5'-polynucleotide kinase, DNase I, RNase H,
DNA polymerase I and the large fragment of DNA
polymerase I (Klenow) were purchased from BRL.
AMYV reverse transcriptase was obtained from Life
Science and the terminal deoxynucleotidyl
transferase was from Boehringer Mannheim.

Chloramphenicol, ampicillin and tetracycline
were purchased from Sigma. dNTPs and ddNTPs
were obtained from Pharmacia P-L Biochemicals.
[y-*P]ATP and [o-*’P]dATP were obtained from
Amersham. Oligonucleotide primers were syn-
thesized by solid-phase synthesis using the
phosphite triester method [7] with an Applied
Biosystems 380A DNA synthesizer.

E. coli strains RR1 and JM101 were used for
transformation by pBR322 and M13 vectors,
respectively.

2.2. Construction of rubella virus cDNA library
Rubella virus (M33 strain, ATCC VR-315) was
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cultured in Vero cells as reported [8]. Single-
stranded cDNA from viral RNA was prepared by
using d(TgCT) as a primer with reverse transcrip-
tase [9], and the second-strand cDNA was syn-
thesized by using RNase H, E. coli DNA ligase and
DNA polymerase I as described by Okayama and
Berg [10]. The dC-tailed double-stranded cDNA
was inserted into the Pstl site of plasmid pBR322
[6]. Rubella-specific cDNA clones were selected by
using the 5’->?P-labelled synthetic oligodeox-
yribonucleotide ([*’P}dG3;A,;TCTAGTG) as a
probe [9].

2.3. Mapping and sequencing of IS186
Fragments from the digests by restriction en-
zymes (BamH]1, Haelll, Pstl, Sau3Al and Tagql)
were used for mapping and subcloning into M13
vectors for DNA sequencing. Oligodeox-
yribonucleotides (P3—Pg) were used as primers for
DNA sequencing in chain-terminator procedures

[11.
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Fig.1. Schematic representation of IS186. (A) Restriction map of IS186. Restriction sites; P (PstI), H (Haelll), T (Taql),

B (BamHI). The diagonally lined area denotes the ampicillin resistance promoter region and the solid filled area denotes

the 3'-end rubella cDNA sequence. The open bar represents the IS186. The arrow indicates the direction of

transcription. (B) Strategy used to obtain the DNA sequence of IS186. P3—P8 are the synthetic oligonucleotide primers.

(See fig.3 for their sequences.) The horizontal arrows indicate the individual strands of each restriction enzyme fragment
that were sequenced.
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3. RESULTS

Insertion element IS186 was first detected from
the plasmid pRV245. The restriction map of IS186
is shown in fig.1A. Plasmid pRV245 has [S186 and
380 bp of the rubella sequence (flanked by GC-
tails) inserted into the Pst] site of the pBR322 am-
picillin resistance gene. The gene order is am-
picillin resistance promoter—IS186—rubella se-
quences. Plasmid pRV216 contains the same insert
as pRV24S with the exception that IS186 is inserted
in the opposite orientation. Plasmid pRV310 has
[S186 inserted in the same orientation as that of
PRV216 but contains only 160 bp of the rubella se-
quence (not shown). The sequencing strategy for
IS186 is shown in fig.1B. Most regions of IS186
have been sequenced on both strands using the
dideoxynucleotide chain-termination method [11].

The ¢DNA library was screened with
1S186-specific oligonucleotide primers (P3—Ps and
P7). More than 100 positive ¢cDNA clones were
observed, accounting for 7% of the cDNA library.
Only 3 clones (pRV216, pRV245 and pRV310) that
contain IS186 were sequenced. The integration
sites of IS186 in these 3 clones are shown in fig.2.
Insertions were found in the GC-tails next to the
Pst1 cloning site, generating a direct duplication of

PBR322

target sequences of 13, 12 and 10 bp in pRV216,
pRV245 and pRV310, respectively.

I1S186 is 1336 nucleotides long with a perfectly
matched terminal inverted repeat of 22 nucleotides
(see fig.2). Upon examining the DNA sequence of
IS186, 2 significant ORFs were found. The long
ORF-1 (fig.3) extends from an ATG start codon at
position 55 to a TAG termination codon at posi-
tion 1327. ORF-1 could encode a polypeptide of
424 amino acids (M, 48000). The short ORF-2 is
found in the opposite orientation and could encode
102 amino acids with GTG as a starting codon at
position 787. Several stop codons are encountered
in all 3 reading frames within 100 bp of either end
of IS186; these may be part of the structure
responsible for the polar effect of IS186. Examina-
tion of the sequence of IS186 did not yield any
good potential Shine-Dalgarno sequence [12] nor
o-independent or g-dependent transcription ter-
mination signal [13]. However, a possible pro-
moter sequence can be found with the — 35 region
located at nucleotide 19 and the Pribnow box at
nucleotide 43 [13] (fig.4).

To determine the origin of IS186, several
genomic Southern blot hybridizations were carried
out using radioactively labelled IS186-specific
probes on different E. coli strains and on tissue

1S186

. .CTGCAGGGGGGGGGGGGG JGGGGGGCCTTCCC
. .GACGTCCCCCCCCCCCCC JCCCCCCGGAAGGG

PRV216

ataagcgctaacttaagggtfatggtattacg .
tattcgcgattgaattcccaacaccataatgce

tcagatggttcaacccttaagttagegecttat JGGGGGGCCTTCCCPCCCTGGGAAGTTCGTCACCGCCG
.agtctaccaagttgggaattcaatcgcoaataJCCCCCCGGAAGGGIGGGACCCTTCAAGCAGTGGCGGC

Rubella

——

CTGCAGGGGGGGGGGGGGGG JGGGGCCTTCCCC
.GACGTCCCCCCCCCCCCCCC JCCCCGGAAGGGG

pRV245

ataagcgctaacttaagggtfaaaccatctga
tattcgcgattgaattcccaacttggtagact

. cgtaataccacaacccttaagttagcgcttat GGGGCCTTCCCCCCTGGGAAGTTCGTCACCGCCG
. gcattatggtgttgggaattcaatcgcgaataCCCCGGAAGGGG]GGACCCTTCAAGCAGTGGCGGC

.. .CTGCAGGGGGGGG JGGGGGGCCCC
.GACGTCCCCCCCC JCCCCCCGGRG

PRV310

ataagcgctaacttaagggt{Etggtattacg
tattcgcgattgaattcccaacaccataatgc

tcagatggttcaacccttaagttagcgcttat JGGGGGGCCCCITACTCGCTGGCTTACTCGCT
...agtctaccaagttgggaattcaatcgcgaata JCCCCCCGGGGRATGAGCGACCGAATAGGCGA .

Fig.2. Comparison of the integration sites of 1S186. Boxed area indicates the duplicated target site and the arrow
indicates the inverted repeat sequence of 1S186.
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Fig.3. Nucleotide sequence of IS186. ORF 1, position 55—1327; ORF 2, position

AAA
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ACG
Thr
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Ser

*** Arg Leu

ACT
Thr

CAA
Gin

Ile Phe Ala Asn

117C
AAC TCG
Asn Ser

1260
TTG AAG
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787—481 in opposite orientation.

culture cell lines (RK and Vero cells) used for the
propagation of rubella virus. IS186 sequences were
found in all E. coli strains tested but not in the
tissue culture cell lines (fig.5). Besides 1S186, we
also found inserts of IS1 [14] and IS4 [15] in our
rubella ¢cDNA clones (not shown).

Pribnow box

Yy v
6-9bp 4-7bp
tt-~tgTTGACA-ttt +———atttgtTATAATQ e——mcCat
P e e IR
TAAGGGTTGTGGTTTA CGCCTG ATATGATTTAACG TGCCG ATG
1l 1 | i

20 3o 50

Consensus seaq.
15186

40

Fig.4. Sequence preceding the large open reading frame
of 1S186.
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4. DISCUSSION

The evidence presented here indicates that the
DNA segment inserted in rubella molecular
chimeras is a new translocatable element. Candido
and his co-workers (Dept of Biochemistry, Univer-
sity of British Columbia, Vancouver BC, Canada)
also observed IS186 inserted into their rainbow
trout heat shock gene cDNA library, which was
also constructed by dG-dC-tailing at the PstI site
of pBR322 (personal communications).

A number of special features were observed for
I1S186:
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Fig.5. Southern blot hybridization of IS186 sequence to
Pstl and BamHI digests of DNA from different strains
of E. coli and animal cells. A nick-translated 0.68 kbp
fragment from Pst1 digest of 15186 was used as probe,
Total DNA from RRI, JM83, JMI101, Vero, RK, IS186
fragment, JC8111 and RY 1088 (lanes 1-8, respectively)
was used for digestion, and fractionated by 1% agarose
gel electrophoresis.

(i) it shows a high frequency of insertion into the
cDNA library of rubella virus (7%);

(ii) it recognizes GC-rich regions as target sites for
insertion;

(iii) it can duplicate 10, 12 or 13 nucleotides at the
site of insertion.
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The high frequency of insertion of IS186 into the
rubella cDNA library suggests that there may be
hot spots in the rubella cDNA sequence for recom-
bination. It is reasonable to suggest that the 3’ -end
sequence of the rubella viral genome contains hot
spots for recombination because 3’-end sequences
of most viruses known to date usually contain
signals to regulate the replication of the virus. It is
possible that cloning of rubella cDNA into the Ps¢l
site of pBR322 may lead to the expression of &-
lactamase-rubella fusion proteins which are
detrimental to the bacterial host. Thus the presence
of 15186 next to the cloned rubella cDNA may con-
stitute a selective advantage.

Similarities in structure and properties were
found between 1S186 and IS4. Of the IS known,
18186 and IS4 are the only ones that generate a
variable length of duplication at the target site. 1S4
generates an 11 or 12 bp duplication; whereas
IS186 generated a 10, 12 or 13 bp duplication upon
insertion. Both I1S186 and IS4 contain 2 ORFs (one
long and one short). Within the long ORF, there
are several basic amino acid residue domains which
may play an important role in DNA binding (table
1.
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Table 1

Similarity of the amino acid basic residue regions of IS186 and IS4*

1S186

1S4

Arg®-Arg-Arg-Glu-Ile-Arg?*®
Leu’®-Lys-Arg-Leu-Arg-Asn®?
Gly'®.Lys-Arg-Leu-Arg-Leu'!?
Arg®®. Arg-Lys-Gly-Arg-Val*”
Phe*'S-Lys-Arg-Leu-Lys-Ser?®
Lys*®-Arg-Arg-Thr-Asn-Ser®*?
Lys*2-Asn-Ala-Arg-His-Arg®"’
Pro*'%-Arg-Arg-Arg-lle-Leu*"’

Arg¥-Lys-Arg-Arg-Leu-Pro®
Arg'®-Arg-Val-Phe-Thr-Lys!'!°
Arg?*-Lys-Leu-Gly-Lys-Gly**®
Arg®2.Lys-Lys-Trp-Pro-Gly?*’
Arg®'.Lys-Gly-Lys-Val-Lys?*®
Leu**!-Arg-Ser-Lys-Lys-Pro*°®
Arg*'*-Arg-Glu-Arg-Ala-Phe*?°
Arg*?%.Val-Val-Lys-Glu-Arg*?’

* Amino acid sequences are predicted from the DNA sequence of 154 [15]
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