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IS91 is a 1,830-bp insertion sequence that inserts specifically at the sequence CAAG or GAAC of the target
and does not duplicate any sequence upon insertion (23). By transposon mutagenesis, we have identified open
reading frame 426 (ORF426; bp 454 to 1731) as the putative ORF for the transposase. It displays a cysteine-rich,
potential metal-binding domain in its N-terminal region. Adjacent to ORF426, there is an ORF (ORF121) which
precedes and terminally overlaps ORF426 by one amino acid. Tnl732 insertions in ORF121 do not affect the
transposition frequency. IS91 has sequence similarities to IS801 from Pseudomonas syringae. Their putative
transposases are 36% identical, including conservation of the cysteine-rich cluster. The information concerning
IS801 insertion specificity and target duplication has been reevaluated in the light of our results.

Prokaryotic transposable elements are discrete DNA seg-
ments that can insert with varying degrees of specificity in
the bacterial chromosome or in a plasmid or virus genome.
According to their structural and genetic organization, they
have been assigned to three classes. Insertion sequences
(ISs) correspond to the first class and are defined as trans-
posable elements that do not carry accessory genes (15, 32).
A number of ISs have been described and analyzed in

some detail. Galas and Chandler (15) list more than 50
different ISs for gram-negative bacteria. The complete nu-
cleotide sequences of at least 30 ISs are available, and
comparisons which suggest evolutionary relationships have
been produced. Homologous ISs, detected mainly by con-
servation of specific motifs among their presumed trans-
posases, have been grouped in families. The two most
conspicuous families are the IS3 family (13, 30) and the IS4
family (32). The IS3 family includes a number of ISs sharing
extended homology, particularly in a 50-amino-acid segment
of the C-terminal end of their transposases, the signature of
which is DG2Y5 and 26 amino acids later N32E36K43 (13,
30). The best-known members of this family are IS2, IS13,
IS51, IS150, IS600, IS629, IS861, IS3411, and IS6110. IS21 is
also related to this group since it possesses the N32E36K43
motif. They share not only the same signature but also a
common genetic organization. All constituent members have
two open reading frames (ORFs), with the start of the second
one overlapping the terminus of the first in the -1 phase. It
is thought that the active transposase is produced by slip-
page of the first ORF to the second during translation (25).
The IS4 family is also very widespread. Its diagnostic
signature, YE7K14, is found in IS4, IS10, IS50, IS186,
IS231, and ISHJ and also in the more distantly related
elements IS26, IS52, and IS903 (32). In this case, there is a
common genetic organization, since the members of the IS4
family contain a long ORF covering almost all of the coding
capacity of the element. However, there are still many
well-known ISs, such as IS1, IS5, IS30, and IS200, etc.,
which do not display a significant relationship with either of
these families or among themselves.

IS91 was isolated from a hemolysin plasmid of Escherichia
coli and found to occur in multiple copies in a number of Hly
plasmids of different incompatibility groups (35). It shows
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the recombinational properties of an IS element (9) and is
probably involved in the evolutionary spread of the hly genes
(36). IS91 is particularly interesting because it shows an
absolute insertion specificity for the sequences GAAC and
CAAG and does not duplicate the target DNA upon insertion
(10, 23). We report the DNA sequence of IS91 and identify
the transposase gene by transposon insertion mutagenesis.
We also show that IS91 is similar to IS801 and discuss the
implications of this similarity for the previously proposed
mechanism of IS801 transposition.

MATERUILS AND METHODS

Strains and plasmids. The strains used are listed in Table 1,
and plasmids are listed in Table 2.

Standard genetic techniques. Transformations were carried
out by the method of Chung and Miller (5). For mating
experiments, donor and recipient strains were grown over-
night in Luria-Bertani (LB) broth (20) with appropriate
antibiotics for plasmid selection. Donors were then diluted
1:10 into fresh LB broth and grown for 2 h. Then 0.5 ml of
recipient culture was mixed with 0.2 ml of donor culture, the
mixture was centrifuged for 1 min, and the cells were placed
onto a Millipore filter on a prewarmed AM3 plate for 1 h at
37°C. Bacteria were washed from the filters with LB broth,
diluted, and plated on selective media. Transfer frequencies
are expressed as the number of transconjugants per donor
cell. Antibiotics were used at the following concentrations
(milligrams per liter): chloramphenicol (CM, 25); kanamycin
(KM, 25); streptomycin (SM, 300); tetracycline (TC, 10); and
trimethoprim (TP, 25).

Insertional mutagenesis of IS91 with Tn1732. Plasmid
pSU234 DNA was sequentially treated with EcoRI, the
Klenow fragment of DNA polymerase I to fill in the cohesive
ends, and DNA ligase, and the resulting DNA was used to
transform strain DH1 to a Tcr phenotype. In this way, we
obtained plasmid pSU2911, which had lost the EcoRI site
and was Cms.

Strain RU4406 was transformed with pSU2911, streaked
on LB agar plates, and grown at 30°C for 3 days. DNA was
isolated from 80 single colonies and separately used to
transform strain DH1 to a Kmr phenotype. The frequency of
transposition (Kmr_to-Tcr transformants) was roughly 10-4.
The sites of Tn1732 insertion were mapped by restriction
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TABLE 1. Strains

Strain Relevant genotype Reference

DH1 supE44 hsdRl7 recAI endAI gyrA96 17
thi-I relAI

RU4406 MM294 (thi endA4 hsdR)::Tnl732 (Kmr) 33
UB1637 F- his lys trp rpsL recA56 7

analysis and are correct to + 10 bp. In this way, we obtained
16 independent Tnl732 insertions in IS91.
To delete Tn1732, each of the 16 pSU2911 (IS91::Tnl732)

DNAs was separately digested with EcoRI, ligated, and used
to transform DH1 to Tcr. DNA was isolated from the Km'
transformants and analyzed with restriction endonucleases
to verify that Tnl732 had been deleted.

Transposition of IS91::TnJ732AEcoRI mutants. Deriva-
tives of DH1 carrying R388 and each of the plasmids to be
tested for transposition were mated with UB1637 as de-
scribed above. Transconjugants were selected in LB agar
plates containing either TP plus SM or TC plus SM. The
ratio of Tcr Smr to Tpr Smr is the frequency of transposition.
DNA sequence of IS91. DNA was sequenced by the chain

termination method of Sanger et al. (28) by using plasmid
DNA as a substrate, as described by Komeluk et al. (18).
The starting plasmid used was pSU240 (9), from which
subclones covering the region to be sequenced were ob-
tained by using pUR250 or pSU2719 as a vector (22).
Commercial primers (M13 sequencing primer [17-mer] and
M13 reverse sequencing primer [16-mer]) were used for
sequencing both strands of inserts. All of the sequence
shown in Fig. 1 was determined for both strands.
DNA sequence analysis. The GCGUW software (8) was

used for DNA and protein sequence analyses. Data bank
searches were carried out by using the FASTA and TFASTA
programs (24); dot matrix analysis used the DOTPLOT
program under conditions which, as a control, revealed the
relationship among the ISs belonging to the IS3 family (30);
alignments used the GAP program; rho-independent tran-
scriptional terminators were searched with the TERMINA-
TOR program (4).

Nucleotide sequence accession number. The IS91 sequence
has been registered in the EMBL, GenBank, and DDBJ data
bases under accession no. X17114.

RESULTS

Analysis of the DNA sequence. The complete DNA se-
quence of IS91 is shown in Fig. 1. IS91 is 1,830 bp long, with
a G+C content of 52.9%. It contains four ORFs starting with
ATG or GTG that would code for proteins longer than 100
amino acids; on the upper strand, ORF-I would encode a
protein of 121 amino acids (bp 89 to 454) starting with ATG
and containing a reasonable ribosome-binding site (RBS)

TABLE 2. Plasmids

Plasmid Structure Relevant phenotype Reference

pSU234 pACYC184::IS91 Cmr Tcr Rep(pl5A) 9
pSU240 pBR322(bla::IS91) Tcr Rep(pMB8) 9
pSU2911 pSU234AEcoRI Tcr Rep(pl5A) This work
pSU2719 Cloning vector Cmr LacZot Rep(pl5A) 21
pUR250 Cloning vector Apr LacZa Rep(pMB8) 27
R388 Natural plasmid Tpr Sur Tra+ Rep (W) 6

(AGGT) at bp 79 to 82. ORF-II has two possible translation
start sites, GTG at bp 409, which will result in a protein of
441 amino acids (bp 409 to 1734), or ATG at bp 454, which
will result in a protein of 426 amino acids (bp 454 to 1734).
None of them contains a significant RBS. On the lower
strand, ORF-III would encode a protein of 108 amino acids
starting with GTG (bp 424 to 98) and ORF-IV would encode
a protein of 106 amino acids starting with ATG (bp 1359 to
1039), neither being preceded by an identifiable RBS. There
are also five ORFs that would encode proteins longer than 50
amino acids. There are reasonable matches to the consensus
promoter sequence before both ORF12, and ORF426 (over-
lined in Fig. 1).
There are two clusters of repeated sequences near the

inverted repeats (IRs), particularly in IRR (see Fig. 1). The
termini of IS91 form an 8-bp imperfect IR (Fig. 1, large open
arrows), as reported previously (23). In the sequence prox-
imal to IRL, there are various possible combinations of
direct repeats (DRs) and IRs between bp 8 and 27. A 6-6 IR
sequence GCAGCC (bp 8 to 23) and a 6-6 DR sequence
GCGGCT (bp 16 to 27) are shown in Fig. 1 (see Discussion).
A 9-10 IR (bp 57 to 77) may also be significant, since it is
positioned between the putative promoter and the RBS of
ORF-I. This IR has the characteristics of a rho-independent
transcriptional terminator. The sequence 3' to ORF-II and
proximal to IRR displays three interesting features: (i) an
imperfect IR (10-13) between bp 1758 and 1788 flanked by a
6-bp perfect DR of the sequence TGGTGC, (ii) a set of four
runs of 4, 6, 4, and 3 Ts (bp 1784 to 1816) separated by 10 or
11 bp in a manner resembling bent DNA (16), and (iii) a 6-7
IR (bp 1810 to 1823).
Tn1732 insertion mutagenesis of IS91: identification and

sequence analysis of the tnpA gene. Transposon mutagenesis
is an effective and widely used technique for the genetic
analysis of bacterial traits. We used Tnl732 as a mutagen
since it contains EcoRI sites in its IRs so that the transposon
can be easily deleted in vitro, leaving an insertion of 35 bp
containing an EcoRI site. This EcoRI site allows easy
mapping of the insertion site (33). We used strain
RU4406(pSU2911) for mutagenesis. Of the 80 independent
Tnl732 insertions analyzed, 16 lay within IS91. DNAs from
the 16 pSU2911 (IS91::Tnl 732) insertions were digested with
EcoRI, religated, and introduced by transformation into
DH1 to delete the transposon. The resulting mutants were
assayed for transposition; the results are shown in Fig. 2. All
insertions in ORF426 were Tnp-, and insertions outside
remained Tnp+. We conclude that ORF426 codes for the IS91
transposase (the tnpA gene). Note that insertion no. 430
interrupts the longer ORF441 but is proficient in transposi-
tion. This strongly suggests that the downstream ATG at bp
454 is the translational start site of tnpA.
ORF426 is particularly rich in cysteine and tryptophan (4

and 3.5 times more abundant than in an average E. coli
protein). Most of the cysteine residues are clustered in the
N-terminal 100 amino acids of the protein. Eight are clus-
tered in a region reminiscent of a Cx type zinc finger
(C-C-X4-C-C-X5-C-X2-C-X4-C-X2-C), which might be im-
plicated in metal binding; however, the structure in ORF426
does not correspond to any of the standard zinc finger motifs
or other metal-binding domains (3, 12, 14).
Comparison of the IS91 sequence with known ISs. The

DNA sequence of IS91 and the deduced amino acid se-
quences of its two putative gene products were compared
with those of other IS elements. Only one IS appears to be
similar to IS91, IS801 of Pseudomonas syringae (26). Figure
3 shows a plot of the comparison of both DNA sequences.
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DNA SEQUENCE OF IS91 1347

IR1
-35 -35 -10 -10

10~~ ~ ~ ~ ~ ~ ~ ~
CGAGTA TGGCGGCTGCGGCTTGTCATGGTCTGGAATTACCGTTATAAAAAGATATGTCATTGTCT

O- -

TTECH~JEGTTATATGGCCCGTTCAGCTAAACCCCGTAAACGCAAACCCGCACCACAAAGAAGCAAACTTCCCCG
RS M P Q R K

CTATGTTGTGAACTTCATCCGGATGATTTTTTTGACGAAGAAGACGCTGAAGTTCTGCGCTTTGATATTTTGA
Y V V K L H P D D F F D E E D A E V L R F D N F D

CGATGCCGTTGAGTGCTGCGCAGACCTGAATATTCCCTTCTTTGTGGATGCCGGAAACAAAAAGCTGGTCTTCTG
D sV E C C A D L N I P F F V D A G N K K L V

GTTTGTACGTGTTGATGACGAAGGGTATCCTGAAATAGCCCGCTGCACGGAGCGGGAGTTTGCGACCATTCTTGC
F V R V D D E G Y P E I A R C T E R E F A T I L A

-1U
CGGTATCAGCGCCGGCGGCATGTACTGCCCGGAGTGTGGCACGGTTCACTGGCCGGACGGAGTCCCCCCGCCCTT

G I S A G G M Y C P E C G T V H W P D G V P P P F
BSt E2

CTGATGCTTCCCCGTTTTGCCGACATTTTTCAGCAGGGTAACCGCTGGCTTAACTGGCTGGAGAAACAGCCGGAA
* M L P R F A D I F Q Q G N R W L N W L E K Q P E

GGTTCAGTGCGTCCGGTGGTGACTGAGTCAGTGACAAAAATCATGGCATGCGGGACCACGCTGATGGGCTACACG
G S V R P V V T E S V T K I M A C G T T L M G Y T

CAATGGTGCTGTTCGTCACCGGACTGTTGCCACACCAAAAAGGTCTGCTTCCGGTGTAAAAGCCGCTCCTGTCCG
Q W C C S S P D C C H T K K V C F R C K S R S C P

CACTGCGGGGTGAAGGCTGGCGCACAGTGGATACAGTATCTGCTGAGCCTGGTCCCCGACTGCCCGTGGCAGCAT
H C G V K A G A Q W I Q Y L L S L V P D C P W Q H

ATTGTGTTCACACTTCCCTGCCAGTACTGGTCCCTGGTGTTCCACAACCGGTGGTTACTGGCAGAGATGAGCCGC
I V F T L P C Q Y W S L V F H N R W L L A E M S R

ATTGCAGCGGATGTGATACTGGAAATCTGCCATCAGACAGATGTGGAGCCGGGGATATTCACGGTGATCCACACA
I A A D V I L E I C H Q T D V E P G I F T V I H T

TGGGGGCGTGACCAGCAGTGGCATCCGCATATCCATTTATCGACAACTGCCGGTGGTGTGACGTCGGGCCACACC
W G R D Q Q W H P H I H L S T T A G G V T S G H T

TGGAAAATCTTCATTTTTACGCCCGTAAGGTGATGAGCATGTGGCGTTACCGGATAACGCGGCTACTGTCCCGG
W K N L H F Y A R K V M S M W R Y R I T R L L S R

AAATACCCGGAGCTGGTGATACCGGATGAACTGGCAGTGGAAGGAACAGCAAACGGGACTGGATTGCTTCCTG
K Y P E L V I P D E L A V E G N S K R D W N C F L

GACACGCATTACCGCCGCGGCTGGAATGTCAACATATCCAGGGTGATGGATAACGCCACACATGTGGCGGTGTAC
D T H Y R R G W N V N I S R V M D N A T H V A V Y

TTCGGCTCTTACCTGAAAAAGCCACCGGTGCCGATGAGTCGGCTGGAGCATTATGCCGGTCAGGATGAAATCGGT
F G S Y L K K P P V P M S R L E H Y A G Q D E I G

CTGCGTTACAACAGTCACCGTACAAAACGGGAAGAATACCTGTTGATGAGTGGAGATGAGTTCATGGAAAGGTTC
L R Y N S H R T K R E E Y L L M S G D E F M E R F

TCCTGGCATGTAGCAGATAAGGGGTTCCGTATGGTGAGGTACTACGGTTTCCTGAGTCCGGTGAAGCGCCGGTTA
S W H V A D K G F R M V R Y Y G F L S P V K R R L

CTGGAAGAAGTTGTGTACGTCATAACGGAGACGGTGAGAAAAACGGCGATGCAAATCAGGTGGAGAGGGATGTAT
L E E V V Y V I T E T V R K T A M Q I R W R G M Y

Hinc2
CAGCGGTTACTGAAGGTTGACCCGCTGAAGTGCATTCTGTGCGGAAGTCAGATGCGTTTTACGGGGCTGAAGCGG
Q R L L K V D P L K C I L C G S Q M R F T G L K R
OStE2

GGTTACCGACTGGCAGAGCTGGTCCTGATGCATGAGCGACTTGGCACGACAGCAGGTGTGCGGCTGAGAGCCGCA
G Y R L A E L V L M H E R L G T T A G V R L R A A

GAGGGGAAGTTGCGTCCATTTTACCGGAAACGGAGCAAAAAACCGCCATTCATACCCTGTATCAATCAGTGTCAT
E G K L R P F Y R K R S K K P P F I P C I N Q C H

CCTGTTTAATAGTCGTTTCCGCTCATATGGTGCACAAGGGGTGTTGAAGAAACATCCGTTTTGTGGTGCTTTTTT
P V *
AGTCTTTTGGGGATTTAMAT CTATCGAT

IRR

FIG. 1. DNA sequence of the upper strand of IS91 and the amino acid sequences of the proposed ORF12, and ORF426 proteins (see text).
The terminal IRs (IRL and IRR) are enclosed by arrows. The -35 and -10 regions of putative promoters are overlined, and the RBSs are
boxed. DRs are shown by arrows above the nucleotide sequence, and IRs are shown by arrows below the sequence. The four runs of Ts
suspected to provoke DNA bending are shown by wavy lines. Also shown are the endonuclease cleavage sites for ApaLI, BstEII, HinclI,
and TaqI. The terminal ATCGAT sequence of IRR is a Clal and TaqI site (not shown). IS91 does not contain sites for the common
endonucleases EcoRI, HindlIl, BamHI, Sall, and PstI.

They can be aligned from bp 550 of IS91 and bp 235 of IS801 ORF121 is missing in IS801 (Fig. 3). ORF426 of 'S91 is 36%
to the ends of their respective DNA sequences (data not identical to the long ORF of IS801, and the similarities
shown). The DNA similarity in this region is about 45% and extend throughout the ORF (Fig. 4). It should be emphasized
indicates similarity in the two transposases. It is obvious that both proteins show exact conservation of eight cys-
from this comparison that the sequence corresponding to teines in the N-terminal cluster. If conservative amino acid
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Tn1732
Insertion site Plasmid

pSU2911

1 75
205
280
295

430
525
585

700
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830
850

980

1 200
1 250

1400

1550

pSU2922
pSU2920
pSU2921
pSU2918

pSU2915
pSU2916
pSU2925

pSU2926

pSU2927
pSU2928
pSU2924

pSU291 4

pSU2923
pSU2913

pSU291 9

pSU2917

Transposition .Frequency (xlO )

200
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40
200
1 00

200
<5
<5

<5

<5
<5
<5

<5

<5
<5

<5

<5

1830 | lR |

FIG. 2. Transposition frequencies of IS91::TnJ732AEcoRI mutants. At left is a map of IS91 with the localization of the TnJ732AEcoRI
insertions, the names of the donor plasmids containing the insertions, and their frequency of transposition (the number of Cmr Smr
transconjugants divided by the number of Tpr Smr transconjugants). The results shown are the averages of at least four different experiments.

changes are accepted, the similarity of the transposases is
54%.
We have analyzed ORF426 for a number of signatures

diagnostic of different families of proteins known to interact
with DNA. It does not contain the helix-turn-helix domain
common to many bacterial DNA-binding proteins (11), the
leucine zipper motif (19), the nucleotide-binding site motif
GX4GK(S/T) (29, 34), or the IS3 or IS4 family signatures. It
is also unrelated to the integrase and resolvase families of
site-specific recombinases (1, 31).

DISCUSSION

Genetic organization of IS91. IS91 is an unusual IS ele-
ment. It transposes with high specificity to the target se-

quence GAAC or CAAG without duplicating any base pairs
at the target (10, 23). Surprisingly, it can promote replicon
fusion with plasmids containing only IRR in a manner similar
to the one-ended transposition described previously for class
II transposons (2, 23a). To provide us with the necessary
background information for a more-detailed analysis of the
mechanism of IS91 transposition, we decided to determine
the sequence of the entire element.

Superficial analysis of the coding capacity of IS91 suggests
a gene organization analogous to the IS3 family of ISs, that
is, one whereby two ORFs translated from the same DNA
strand and overlapping by a single nucleotide cover the
coding capacity of the element (25). The results presented in
this work strongly suggest that ORF426 codes for the trans-
posase of IS91. This was indicated by the abolition of IS91

IS91

500

1000

c

L
150Q
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500-

TM0O
U)

1000-

I I 1
500 1000 1500

C

IS91
FIG. 3. Comparison of the DNA sequences of IS91 and IS801.

The DOTPLOT program of GCG was used, and the parameters
were set to a length of 100 bp and mismatch of 57 bp. The positions
of the relevant ORFs (see text) are shown for reference.

transposition by Tnl732 insertion mutations in ORF426 (Fig.
2).
Comparison of IS91 and IS801 protein-coding capacities.

The insertion mutagenesis experiments summarized in Fig. 2
show that ORF426 is the transposase of IS91. This protein is
homologous to ORF410 from IS801. These proteins are 36%
identical, with the homology extending over their entire
sequences (Fig. 4). When analyzing ORF410, Romantschuk
et al. (26) suggested Val-398 as the most plausible transla-
tional start site, on the basis of a better RBS. However, the
region between Met-101 and Val-398 is homologous to the N
terminus of ORF426 of 1S91, including the highly conserved
cysteine-rich domain. On the basis of this homology, we
think that Met-101 is the most likely start for the IS801
transposase. Perhaps significantly, there are good RBSs in
front of both transposases (GAGG for IS801 and GGAG for
IS91), but they are too far (16 bp) from the proposed
translational starts.

Interestingly, IS801 does not have any sizeable ORF
preceding ORF410. This fact further suggests that ORF121 of
IS91 (or ORF108, whichever is translated, if any) is probably
irrelevant for transposition. The small differences in the
transposition frequencies of the insertions within ORF121
(Fig. 2) are most likely due to statistical variation and are not
considered significant.

In IS801, Romantschuk et al. (26) refer to a second ORF
(ORF199) which overlaps ORF410 in the complementary
DNA strand. ORF-IV of IS91 is 26% identical to the N-ter-
minal 111 amino acids of ORF199 (data not shown). With the
data reported here, we cannot comment on the potential
function of these proteins. However, it may be significant
that many IS elements contain surprisingly long ORFs
overlapping the transposase in the complementary strand

1 ................MHLPRFADIFQQGNRWLNWLEKQPEGSVRPVVTES 34

1 MKPAYPPLILQSPAYTPRPLKNLFTANQCWAHI.E ... EGGLRDIEVET 47

35 VTKI STTLMGYTQWCCSP CZH VCFIC KRSIC I4GKAGAQW 84
OIII .::. .:I ..lII. .,lli.:1 .1 l l II,. ,

48 VTKMLACTSILGVKHYI ENHS PHVKYt 1CRACPSCKTDQW 97

85 IQYLLSLVPD CWQHIVFTLPCQYWSLVFHNRWLLAEMSRIAADVILEIC 134
.,,IlI,,,,.,,,.. ,1,1,1,,,, . ,.,,,..

98 ITVQNNRLPD WQHLVFTLPDTLWPLFFYNRWLLDALFRLAADNLIYAA 147

135 HQTDVEPGIFTVIHTWGRDQQWHPHIHLSTTAGGVTSGHTWKNLHFYARK 184
.. 0 11 OOOO 1°

148 KRRGLRVGIFGALHTYGRRLNWHPHVHLSVTAGGLDEQGVWKNLSFH. KE 196

185 VMSMWRYRITR. . LLSRKYPELVIPDELAVEGNSKRDWNCFLDTHYRRGW 232
.:..::
AN. H DRW:..I-:0-AG 245197 ALRRRWNWLVRDYLLGQPLSQLTNPPPLA . HILCESDWRRLILAAGGQHW 245

233 NVNISRVMDNATHVAVYFGSYLKKPPVPMSRLEHYAGQDEIGLRYNSHRT
::::5,: *1: ... .....:''''I''.246 HIHLSIKKTNGRKTVNYLGRYLKKPPISGSRLAHYTNGATLRFTYLDHRT

282

295

283 KREEYLLMSGDEFMERFSWHVADKGFRMVRYYGFLS.PVKRRLLEEVVYV 331
* ~~~~. ** II*II.,I.,296 QAYQQETLSQADMLFRVVQHIPEKHFRMIRYFGFLANRVCGQYLPKVYEA 345

332 ITETVRKTAMQIRWRGMYQRLLKVDPLKCI.,SQMRFTGLKRGYRLAEL 381

346 LKMATPGPTPKLYFAPMAKAFLNVDPFR EVL CARMVYTAAISGLTVQGL 395

382 VLMHERLGTTAGVRLRAAEGKLRPFYRKRSKKPPFIPCINQCHPV 426
. . .

396. NLNAQAIAQMRYVKP............ 410

FIG. 4. Comparison of the amino acid sequences of ORF426 of 'S91
and ORF410 of IS801. The GAP program was used. Parameters: gap
weight, 3.0 bp; length weight, 0.1 bp. Conserved cysteines are
boxed.

(15). They could have a regulatory function in expression of
the transposase or in transposition itself.
The termini of IS91 and IS801: specificity of insertion and

target duplication. Figure 5 shows the alignment we propose
for the termini of IS91 and IS801. Romantschuk et al. (26)
suggested that the 5-bp sequence TGAAC (underlined in Fig.
5) is duplicated upon insertion of IS801. We previously
showed that IS91 inserts specifically in GAAC (or CAAG)
without target DNA duplication (10, 23). By analogy to IS91,
we believe that the results of Romantschuk et al. (26) are
more-adequately explained by assuming that GAAC is an
integral part of IS801 IRL and that IS801 inserts specifically
in the sequence GAAC of the recipient (recipient sequences
are shown in brackets in Fig. 5). In favor of this hypothesis
is the fact that, in one of the three insertions sequenced, the
target sequence is TGGAC. This sequence does not appear
duplicated upon insertion, but (not surprisingly according to
our interpretation) TGAAC appears at the other junction.
We suggest that a more-thorough analysis of the IS801
specificity of insertion will probably demonstrate that IS801
inserts specifically in the target sequence GAAC (or GGAC)
and does not produce any target duplication.
Comparison of the left termini of IS91 and IS801 (IS91L

and IS801L in Fig. 5) shows almost perfect conservation of a
16-bp sequence (bp 7 to 23) including a 6-bp IR (which will be
called IRCL). Since the transposases of both elements are
homologous, they presumably recognize similar DNA se-
quences, so IRCL may be important for transposase recog-
nition. The DNA sequences of IS91 and IS801 beyond this
point are not significantly homologous up to bp 550 in IS91
(bp 235 in IS801), as shown in Fig. 3.
Comparison of the right termini (IS91R and IS801R) also

shows almost perfect sequence conservation in the terminal
27 bp. Again in this case, the conserved region includes a

JORF 121Y ~ OF46-
I I

iivv-l
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IS91L

IS8O0L

IS91R

CGAGTAGGCAGCCTGGCGGCTGCGGCTTGTCATGGTCTGGAATTA
* ********* ******* * * * * **

[T]GAACAGGGCAGCCTG-CGGCTGCAAATCGCCCGTTCTTACGATCG
_- 1 - -

rGTTC1A!CGATA GAATT--AAATccccAAAAGAc AAAAAAA-AcA
**** ** ********** **** ** * * * *

IS80IR [GTTC]ATGCATAGGAATTTCAAAATGCCTATGCATCAGGCTGACGCTATGA
go s

*p .4

FIG. 5. Comparison of the DNA sequences at the termini of IS91 and IS801 (L and R refer to the left and right termini as shown in Fig.
1 for IS91 and as described previously by Romanschuk et al. [24] for IS801). Identical nucleotides between each pair of sequences are shown
by asterisks. Arrows show the IRs and DRs beside each sequence. The underlined TGAAC (and its complement GTTCA) sequences in IS801
refer to the 5 bp presumably duplicated at IS801 insertion sites (26). In our alternative explanation (discussed in the text), only those base pairs
in brackets come from the target DNA.

conspicuous IR (which will be called IRCR). Surprisingly,
IRCR and IRCL are not similar to one another. If we assume
that both termini of an IS element should be specifically
recognized by the transposase, IRR and IRL of IS91 and
IS801 must be recognized by different domains of their
respective transposases. Alternatively, IRCR and IRCL could
correspond to binding sites for different host factors. These
possibilities are attractive for further work.
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