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1S892, one of the several insertion sequence (IS) elements discovered in Anabaena sp. strain PCC 7120 (Y.
Cai and C. P. Wolk, J. Bacteriol. 172:3138-3145, 1990), is 1,675 bp with 24-bp near-perfect inverted terminal
repeats and has two open reading frames (ORFs) that could code for proteins of 233 and 137 amino acids. Upon
insertion into target sites, this IS generates an 8-bp directly repeated target duplication. A 32-bp sequence in
the region between ORF1 and ORF?2 is similar to the sequence of the inverted termini. Similar inverted repeats
are found within each of those three segments, and the sequences of these repeats bear some similarity to the
11-bp direct repeats flanking the 11-kb insertion interrupting the nifD gene of this strain (J. W. Golden, S. J.
Robinson, and R. Haselkorn, Nature [London] 314:419—423, 1985). A sequence similar to that of a binding site
for the Escherichia coli integration host factor is found about 120 bp from the left end of 1S892. Partial
nucleotide sequences of active IS elements IS892N and IS892T, members of the IS892 family from the same
Anabaena strain, were shown to be very similar to the sequence of 1S892.

Insertion sequences (IS) are transposable elements that
are generally smaller than transposons and normally bear
only genes related to transposition (for a review, see refer-
ence 12). Because IS elements lack selectable markers, they
are usually identified by their ability to introduce insertional
mutations in marker genes and operons (9, 14). Most IS
elements from a variety of prokaryotes are 0.8 to 2.5 kb in
size and have a pair of near-perfect inverted terminal repeats
ranging from 8 to 41 bp. Almost all bacterial IS elements
characterized to date generate directly repeated duplications
of their target DNA sequences upon insertion. Many ele-
ments make a duplication of a fixed number of base pairs,
ranging from 2 to 13 bp, as a characteristic of the element
(12).

Cyanobacteria (blue-green algae) are prokaryotes that
differ physiologically and phylogenetically (43) from other
eubacteria. Two active IS elements have been isolated and
sequenced from cyanobacteria: IS70/ from Calothrix sp.
strain PCC 7601 (12, 27) and I1S89! from Anabaena sp. strain
M-131 (4). IS701 appears to be a typical IS element with
inverted terminal repeats and the generation of target dupli-
cations (27). By contrast, IS891 lacks inverted terminal
repeats and fails to generate a target duplication upon
insertion (4). In addition, genetic elements, collectively
denoted the mys family, from the cyanobacterium Anabaena
sp. strain PCC 7120 were suggested to be IS on the basis of
the structural similarity of their nucleotide sequence to that
of typical IS elements (1).

In a study of spontaneous mutation of the conditionally
lethal gene sacB in Anabaena sp. strain PCC 7120, 10 IS
elements of five different sizes were detected and one of
them, 1S892, was restriction mapped (7). I report here a
more detailed study of IS892 and of related IS elements in
this Anabaena strain.

MATERIALS AND METHODS

Bacterial strains, growth media, cultural conditions, and
most molecular biological techniques used in this study are
as previously described (7). A nitrocellulose filter that was to
be rehybridized for further Southern analysis was first

5771

stripped of radioactivity by immersion for 10 min in 1 liter of
boiling S mM EDTA (pH 8.0). [«->?P]JdATP used in Southern
analysis was purchased from Amersham Corp., Arlington
Heights, Ill.

Plasmid DNA was extracted from Anabaena sp. strains
PCC 7120 and M-131 by a modified boiling procedure (22):
cells from a 50-ml liquid culture in early stationary phase
were harvested, washed with 1.0 ml of H,0, and mixed with
700 pl of STET solution (2% sucrose, 5% Triton X-100, 50
mM EDTA [pH 8.0], 10 mM Tris-HCI [pH 8.0]) plus 50 ul of
10 mg of lysozyme per ml of H,O. After 5 min at room
temperature, the suspension was heated in boiling water for
40 s. The mixture was then centrifuged at 21,000 X g for 20
min at 4°C, and the pellet was removed. The supernatant
solution was extracted with phenol and then with chloro-
form. DNA was precipitated by isopropanol at —70°C and
resuspended in 50 pl of Ty,,4E solution (10 mM Tris-HCl, 0.1
mM EDTA [pH 8.0]).

DNA sequence was determined by using synthetic DNA
primers and ordered deletions of fragments subcloned into
vectors pUC118 and pUC119 (41). Deletions were made by a
combination of timed digestion by exonuclease III and
treatment with mung bean nuclease according to a protocol
provided by Stratagene, La Jolla, Calif. DNA oligonucleo-
tide primers were synthesized and purified with equipment
and reagents supplied by Applied Biosystems, Inc., Foster
City, Calif. Double-stranded DNA and the chain termination
technique using dideoxynucleotides (34) were used in DNA
sequencing, utilizing Sequenase version 2.0 from U.S. Bio-
chemical Corp., Cleveland, Ohio, and adenosine 5'-a-
[>*S]thiotriphosphate from Amersham Corp. Electrolyte gra-
dient polyacrylamide sequencing gels were prepared and run
as described previously (35). The gels were fixed in a
solution of 5% methanol plus 5% acetic acid (6) and dried at
80°C in vacuo before autoradiography. Both strands of the
nucleotide sequence presented in Fig. 2 were sequenced.
Nucleotide and amino acid sequences were analyzed with
the software Editbase (Purdue Research Foundation and
USDA/ARS), HIBIO DNASIS, and HIBIO PROSIS (Hita-
chi America Ltd., San Bruno, Calif.).

Nucleotide sequence accession number. The nucleotide
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FIG. 1. Southern analysis of DNA from colonies of Anabaena
sp. strain PS250-N (N =1, 2, ..., 22). Total DNA from PS250-1 to
PS250-22 (lanes 1 to 22, respectively) and from PCC 7120(pRL250)
(lane 23) and DNA of plasmid pRL250 (lane 24) were digested with
Pstl. (a) Filter probed with labelled plasmid pRL250. The band of
2.6 kb corresponds to the PstI fragment that bears the entire sacB
gene, while the bands of 9.5, 1.2, and 0.5 kb are from the rest of
plasmid pRL250 (7). (b) The same filter, stripped of radioactivity
from the above hybridization, was reprobed with the internal
Dral-EcoRV fragment from 1S892 (Fig. 2). The unnumbered lanes
on the left in both panels are size markers of DNA (in kilobases).
(Material used for panel a, lanes 1 through 10, was presented as
lanes 1 to 10 in Fig. 4 of reference 7. Fig. la presented here
represents a larger sample pool and more-comprehensive data.)

sequence of IS892 shown in Fig. 2 has been deposited in
GenBank under accession number M64297.

RESULTS AND DISCUSSION

Spontaneous mutations in Anabaena sp. strain PCC 7120.
Plasmid pRL250 (see Fig. 1a of reference 7) carries the gene
sacB and a fragment of the cyanobacterial plasmid pDU1
that confers autonomous replication in Anabaena species.
Anabaena sp. strain PCC 7120 bearing this plasmid cannot
grow on sucrose-containing solid medium because of the
presence of a functional sacB gene (7). One such Anabaena
colony was subcultured continuously for 2 months in liquid
medium, and about 107 cells were then plated on solid
medium plus 5% sucrose. Close to 300 colonies were recov-
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ered after 10 days. Plasmids isolated from 22 of these
colonies (denoted PS250-N, where N = 1, 2, ..., 22) were
analyzed by Southern hybridization (Fig. 1a). In 15 of these
plasmids, the 2.6-kb sacB-containing PstI fragment of
pRL250 was replaced by a larger PstI fragment, while other
Pstl fragments of the plasmid were unchanged. In the
remaining seven cases, the 2.6-kb fragment showed no
visible change in size or appeared to have been deleted
entirely. In the strains that showed no visible change in the
2.6-kb fragment, it is likely that their sacB gene had been
inactivated by a point mutation or a small deletion, thus
accounting for the viability of the strains on sucrose-contain-
ing medium.

The 15 variants of pRL250 that showed an increase in size
of the 2.6-kb fragment were transferred to Escherichia coli
by transformation and analyzed. Although colony PS250-1
appeared to contain two variants of pRL250, only the one
with a 1.5-kb insertion was recovered. The other, which has
a 1.7-kb insertion that hybridizes to IS892 (Fig. 1b), was not.
On the basis of limited data from restriction mapping and
Southern analysis, the 15 presumptive IS elements have
been tentatively grouped and named (Table 1). A detailed
study of the IS element (denoted 1S895) from colony PS250-5
is presented separately (2). IS891, isolated from the closely
related Anabaena sp. strain M-131, hybridized to the ge-
nome of Anabaena sp. strain PCC 7120 (4) but failed to
hybridize to the 15 active IS discovered in this experiment.

General features of IS892. A restriction map of 1S892,
isolated from colony PS250-3, was reported previously (7).
1S892 (Fig. 2) is 1,675 bp in length and has 24-bp near-perfect
(21 out of 24 bp) inverted terminal repeats that show no
significant sequence similarity to termini of other known
bacterial IS elements (12). Two open reading frames (ORFs)
are present in tandem on the same DNA strand. When the
first methionine residue is taken as the translational initiation
codon, the two ORFs, ORF1 and ORF2, are predicted to
code for proteins of 233 and 137 amino acids, respectively.
Possible alternative start codons TTG (19, 44) and GTG (32)
could extend ORF1 to 262 amino acids and ORF2 to 188 or
173 amino acids (Fig. 2). As has been observed in a number
of cyanobacterial genes (39) and the other three sequenced
cyanobacterial IS elements (2, 4, 38), neither ORF of 1S892,
in defined or extended version, is preceded by a typical
ribosome binding sequence. The complementary strand does
not contain complete ORFs of more than 82 codons with a
reasonably positioned initiation codon. An incomplete read-
ing frame, initiated at the first methionine codon at bp 357 to
355, extends for 118 codons and out of the left (L) of 1S892
end without a stop codon.

An E. coli-type promoter (29) is present 5’ to ORF1 (Fig.
2). The —35 region of that presumed promoter, 5’ TTACTA
3’, lies within the L-end terminal repeat sequence. A —35re-

TABLE 1. IS found in Anabaena sp. strain PCC 7120

IS Size Source of

element (kb) insertion Comment

1S892 1.7 PS250-3 Also PS250-6, -9, -10, -11, and
-15; see text

1S893 1.2 PS250-2 Possibly also PS250-13

1S894 1.9 PS250-4

1S895 1.2 PS250-5 A mys element (2)

1S897 1.5 PS250-7 Possibly also PS250-1 and
PS250-12

1S898 1.0 PS250-8 Possibly also PS250-18
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FIG. 2. Complete nucleotide sequence of transposable element IS892 from the cyanobacterium Anabaena sp. strain PCC 7120. The
noncoding strand of the sequence is presented in 5’ (left [L] end) to 3’ (right [R] end) direction. Numbering of the nucleotide sequence and
of the amino acid sequences of ORF1 and ORF?2 are presented, respectively, to the left and to the right of the sequence. The deduced amino
acid sequences of ORF1 and ORF2 and their possible 5’ extensions are displayed above the DNA sequence, with presumed translational
initiation sites printed in boldface. Possible alternative start codons are indicated in parentheses. Also shown are the —35 and —10 regions
of a presumed promoter for ORF1. The inverted termini are double underlined. Potential stem-loop structures are indicated by pairs of
counterpointing arrows under the nucleotide sequence. Restriction sites mentioned in the text are underlined, and the site for dam methylation
is marked by filled diamonds. The M sequence, from bp 953 to 984, which is similar to the terminal repeats (see text), is highlighted by a bar
above the sequence. The shaded DNA sequence around bp 125 is a possible IHF binding site (see text), and the shaded amino acid sequences
at the carboxyl end of ORF2 may be a potential helix-turn-helix DN A-binding structure.
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gion of an E. coli-like promoter (29), pointing outward, can
be found in the inverted termini: 5' TTGCCA 3’ at the L end
and 5' TTACCA 3’ at the right (R) end. Such outward-
pointing half-promoters have been found at the ends of many
IS elements, and their implication has been discussed previ-
ously (12).

The sequence 5’ GAAGTACTTGATT 3’, from bp 116 to
128 (Fig. 2), matches well with the consensus sequence 5’
TAAnTnnTTGATT 3’ (17) of binding sites for the E. coli
integration host factor (IHF). In E. coli, the histonelike
protein IHF (8, 11) has been shown to participate in the
transposition of IS/ and IS10, which have IHF binding sites
at or near their end sequences (13, 28). Possible IHF binding
sites have been found in IS elements of various origins (12).
The presence of a putative IHF binding site near one end of
1S892, in IS701 (12), and in IS895 (2) makes it tempting to
speculate that an IHF-like protein, although not yet ob-
served in cyanobacteria, could be involved in the transposi-
tion of their IS elements.

Several strains of cyanobacteria, including Anabaena sp.
strain PCC 7120, exhibit dam methylation of their DNA (31).
Sites for dam methylation found at the ends of 1S10, 1S50,
and IS903 have been reported to influence transposition (5,
33). The sole site for dam methylation found in IS892 is
located at the end of a stem-loop structure 5’ to ORF2 (Fig.
2). Whether that site influences the activity of IS892 is,
however, unknown.

The two proteins predicted by ORF1 and ORF?2 in 1S892,
26.8 and 15.8 kDa in molecular mass, respectively, are likely
cytosolic proteins because each has an overall hydropathy
index of —0.1 with no peaks over *1.0 (window size, 19
amino acid residues [42]). Although calculated isoelectric
points are close to 7.0, both proteins have a moderately high
content of basic amino acids (arginine and lysine residues
account for ca. 15% of the amino acids in each protein),
consistent with possible interactions of the proteins with
DNA (12). Prediction of secondary structure by the Garnier-
Robson method (42) suggested that a helix-turn-helix con-
formation, a structural motif found repeatedly in prokaryotic
DNA-binding proteins (30), could form at the carboxyl end
of ORF2 (Fig. 2).

The G+C contents and codon usages of the genome of
Anabaena sp. strain PCC 7120 and of 1S892 were compared
(Tables 2 and 3). IS892 has a markedly lower G+C content
than that of the genome, and its codon usage differs exten-
sively from that of abundantly expressed chromosomal
genes: of the 18 amino acids that have multiple synonymous
codons, only five amino acids (Pro, Gln, Ala, Val, and Glu)
are represented by similar codon preferences. The altered
codon usage in IS892 seems consistent with its lower G+C
content: almost all changed codon preferences favor codons

TABLE 2. Comparison of G+C contents of IS892 and the
chromosome and nifD element of Anabaena sp. strain PCC 7120

Anabaena sp.

G+C content strain PCC 7120 nifD element 1S892
Overall 42.5 38.7 38.7
Of ORFs 47.9 40.5 39.7

“ Data on overall G+C content of the strain are as previously published
(21), and that of the nifD element are calculated from published sequence data
(24, 25). The G+C content in the ORFs of this Anabaena strain is calculated
from eight abundantly expressed chromosomal genes (39), that of the nifD
element is calculated from five proposed ORFs in the sequenced region (24,
25), and that of IS892 is calculated from its two ORFs.
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ending with A or U. Alternatively, codon usage, often not
correlated with the G+C content of an organism (23), may be
attributable to the presumed low expressivity of the genes of
1S892 (18).

Comparisons (26, 42) between IS892 and other cyanobac-
terial IS elements IS701 (38), IS891, and 1S895 failed to
identify regions of significant similarity of nucleic acid or
protein sequence. A search covering both the GenBank and
the EMBL data bases also failed to recognize a known
transposable element that shares significant sequence simi-
larity with 1S892.

A family of 1S892-related IS. The internal Dral-EcoRV
fragment of IS892 (Fig. 2) was used to reprobe the filter used
in Fig. la. Six bands of the same size as the band from
PS250-3 showed strong hybridization (Fig. 1b), suggesting
that the IS elements from these seven colonies are homolo-
gous. Plasmids were recovered from these colonies, except
for colony PS250-1, and the L-end portions of their inser-
tions were partially sequenced. The partial sequences (ca.
400 bp) of the insertions from PS250-6, -11, and -15 were
identical to the corresponding sequence of 1S892. However,
sequences of the IS elements from PS250-9 and PS250-10
(denoted IS892N and IS892T, respectively) differed slightly
from that of IS892 as well as from each other. Compared
with 1S892, IS892N and IS892T have a 1-bp insertion follow-
ing the L-end terminal and have 20 and 16 single-base-pair
changes (transition/transversion = 2:1), respectively. There
are eight single-base-pair differences between IS892N and
IS892T. Most of the changes within ORF1 affect the second
or the third base of a codon and do not result in any amino
acid replacement. A few changes affect the first base of a
codon and generate conservative amino acid replacements
(data not shown). None of the base pair changes leads to the
disruption of ORF1 (even in the extended version), support-
ing the idea that this ORF encodes a functional protein.

Target sequence and specificity. The junctions produced by
insertion of members of the IS892 family into the sacB gene
were sequenced. All such insertions were shown to lie within
the ORF of sacB (36). The data showed that 1S892 makes
directly repeated 8-bp target duplications (Table 4). All three
members of the IS892 family inserted into A- or T-rich target
sites. The sequence AAAT(a/t) appeared in all the target
sites for IS892 and IS892T. The site 5' AAAATATC 3’
appears to be particularly favorable because at least two
independent insertions by 1S892, in colonies PS250-3 and
PS250-11, targeted this site. These two insertions recognized
the same site but inserted in opposite orientations, indicating
that the orientation of a target site does not necessarily
dictate the orientation of insertion.

The changing genome of Anabaena sp. strain PCC 7120 and
the 1S892 family. The presence of active IS may strongly
influence the structure and stability of the genome by trans-
position and by acting as substrates for homologous recom-
bination (12, 20). When three batches of total DNA, ex-
tracted in 1l-year intervals from serially subcultured wild-
type Anabaena sp. strain PCC 7120 (always in liquid
medium, with or without fixed nitrogen source; inoculation
interval, ca. 2.5 weeks), were digested with Xbal or EcoRV
and probed with the Dral-EcoRV fragment of 1S892, three
similar but nonidentical patterns of hybridization were ob-
served; a more dramatically different banding pattern was
observed in the genome of a culture recovered from an
8-year-old frozen sample (data not shown). The changes may
reflect the activity of the IS892 family, although DNA
rearrangement not related to IS892 remains a possibility. By
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TABLE 3. Comparison of codon usages of 1S892 and the chromosome and nifD element of Anabaena sp. strain PCC 7120¢

Codon usage frequency of:

Amino

Codon usage frequency of:

Amino

. Gene codon Anabaena . . ene Anabaena .
acid ¢ sp. strain nilD 1S892 acid © codon sp. strain nilD 1S892
PCC 7120 element PCC 7120 element
Arg CGA 1.5 13.7 20.0 Ile AUA 1.4 31.8 29.6
CGC 29.4 28.8 13.3 AUC 69.5 23.5 18.5
CGG 6.6 11.0 10.0 AUU 29.1 44.7 51.9
CGU 51.5 20.5 23.3
AGA 9.6 20.5 26.7 Lys AAA 54.7 80.5 79.2
AGG 1.5 5.5 6.7 AAG 45.3 19.5 20.8
Leu CUA 11.1 17.9 14.9 Asn AAC 91.7 323 28.6
CucC 14.6 10.6 12.8 AAU 8.3 67.7 71.4
CuUG 19.4 13.0 4.2
CuuU 4.4 9.7 12.8 Gin CAA 80.4 74.0 73.7
UUA 16.6 30.9 48.9 CAG 19.6 26.0 26.3
uuG 40.0 17.9 6.4
Llis CAC 91.0 33.3 36.8
Ser UCA 6.8 21.0 333 CAU 9.0 66.7 63.2
UCC 28.4 13.6 9.5
UCG 0.0 6.2 0.0 Glu GAA 80.4 68.0 76.2
UCu 39.8 23.4 28.6 GAG 19.6 32.0 23.8
AGC 21.6 14.8 4.8
AGU 3.4 21.0 23.8 Asp GAC 55.4 34.2 27.8
GAU 44.6 65.8 72.2
Thr ACA 25.6 37.8 5.9
ACC 59.5 28.4 29.4 Tyr UAC 80.2 38.1 46.2
ACG 2.4 9.5 17.6 UAU 19.8 61.9 53.8
ACU 12.5 243 47.1
Cys UGC 68.2 45.4 12.5
Pro CCA 26.4 27.6 54.5 uGU 31.8 54.6 87.5
CCC 23.6 259 27.3
CCG 0.0 3.4 0.0 Phe uucC 73.6 25.0 0.0
CCU 50.0 43.1 18.2 uUuu 26.4 75.0 100.0
Ala GCA 26.8 333 26.9 Met AUG
GCC 9.0 21.2 19.2
GCG 7.1 7.4 7.7 Trp UGG
GCU 57.1 37.1 46.1
Stop UAA 66.7 40.0 0.0
Gly GGA 7.0 35.6 38.9 UAG 22.2 20.0 66.7
GGC 17.1 27.1 5.5 UGA 11.1 40.0 333
GGG 2.3 8.5 22.2
GGU 73.6 28.8 33.3
Val GUA 46.8 25.4 35.0
GUC 6.4 20.0 10.0
GUG 6.4 20.0 15.0
GUU 40.4 34.6 40.0

2 Codon usage frequency is presented as a percentage of the total usage of corresponding sets of synonymous codons. Methionine and tryptophan are not
compared because a single codon corresponds to each of these amino acids. See footnote a of Table 2 for references on ORFs used in the calculations.

contrast, 1S895 did not show any changed pattern of hybrid-
ization to total DNA of several cultures of wild-type Ana-
baena sp. strain PCC 7120, including one with which the
hybridization pattern of I1S892 had changed (2; unpublished
observation). Given that comparison and the fact that they
were most frequently observed among insertions into the
sacB gene, members of the 1S892 family appear to transpose
actively. Anabaena species have multiple copies of the
chromosome per cell (7) and are filamentous. It remains
uncertain whether random chance or some unidentified
selective pressure led to conversion of all copies of the
chromosome to the new configuration in a relatively short
period of time.

Southern analysis of EcoRV- or Xbal-digested total DNA

from four cultures (one shown in Fig. 3) of wild-type
Anabaena sp. strain PCC 7120 showed that there were at
least nine copies of the members of 1S892 family in the
genome (two cultures showed 10 distinct bands). It was not
determined which hybridizing band corresponded to a par-
ticular member of the 1S892 family or whether all hybridizing
copies were capable of transposition. No data are available
to indicate whether members of the IS892 family transpose
conservatively or replicatively.

Unique nucleotide structure of 1S892. When properly
aligned, a 32-bp sequence, herein denoted the M sequence
(bp 953 to 984 [Fig. 2]), in the region between ORF1 and
ORF2 could be viewed as an imperfect direct repeat of the
R-end terminal sequence (therefore an imperfect inverted
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TABLE 4. Target duplications produced by insertions of
members of the 1S892 family in Arabaena sp. strain PCC 7120¢

Source of

insertion IS element Target duplication

PS250-3 1S892 5’ $S4AAAATATC®! 3’
PS250-15 1S892 5’ S4AAAATATC®! 3’
PS250-11 1S892 5" OB*GATATTTTO®* 3’
PS250-6 1S892 5’ B+ TTTTAAAG0*3’
PS250-9 IS892N 5’ 1468xGTTAGATG 61*3"
PS250-10 1S892T 5" IBICAAATACT!®® 3/

< Target sequences in the sacB gene are presented from 5’ to 3’ where
insertion immediately follows in the same orientation as shown in Fig. 2.
Base-pair numbering (superscripts) is after the published sacB sequence (36),
and numbers with an asterisk indicate sequence of the complementary strand.
The R-end junctions of IS892N and IS892T were not satisfactorily sequenced,
so 8-bp duplications are partially assumed.

repeat of the L end). Discounting the six bases that introduce
gaps in the alignment, 20 of 26 bases in the M sequence are
identical, in order, to the 26 bases at the R end. A similar
inverted repeat was also found within each of those three
sequences (the inverted repeats in the M and R-end se-
quences are capable of forming high-energy stem-loop struc-
tures). The L-end and M sequences thus make possible a
mini-IS892 element bearing only ORF1. The M and R-end
sequences, on the other hand, are direct repeats containing
intrinsic inverted repeats. Such a structure surrounding
ORF?2 is reminiscent of the aadA and sat genes in Tn7 and
related Tnl825, which were suggested to have inserted into
the transposons via integrase-mediated site-specific recom-
binations (10, 37). Downstream from the M sequence is
another stem-loop structure which is immediately preceded
by the dam methylation site (Fig. 2). The sequence of one

1234
23.1—
”w/
9.4— ' -
6.5— “‘*: :
4.3— :
waﬁw
«Te
2.8~
2,0~
.- =

FIG. 3. Southern analysis to determine copy number of 1S892-
like elements in the genomes of Anabaena sp. strains PCC 7120 and
M-131. Total DNAs from strain PCC 7120 (lanes 1 and 2) and strain
M-131 (lanes 3 and 4) were digested with EcoRV (lanes 1 and 3) or
Xbal (lanes 2 and 4) and probed with the radioactively labelled
internal Dral-EcoRYV fragment from 1S892. The unnumbered lane on
the left indicates sizes of DNA (in kilobases).

J. BACTERIOL.

arm of this stem-loop, 5' TTTACCAC 3’ (bp 1060 to 1067), is
exactly repeated in the R-end sequence, which suggests the
possible formation of an alternative stem-loop structure with
ORF?2 in the loop region.

To observe whether the postulated mini-IS892 transposes
or whether ORF2 is removable from IS892, the 0.85-kb
Dral-SnaBI fragment (L end to M) and the 0.5-kb HindIII-
EcoRYV fragment (M to R end) from IS892 (see Fig. 2) were
individually used to probe EcoRV- or Xbal-digested total
DNA. Patterns of hybridization by both probes were identi-
cal to that by the Dral-EcoRV fragment containing both
ORF1 and ORF2 (Fig. 3), suggesting that transposition of the
complete IS892 is the predominant event. A computer
search of both ORFs of 1S892 failed to identify a structural
motif similar to the one that is conserved in the integrase
family of site-specific recombinases (3).

Resemblance of 1S892 and the nifD element. The nifD
element is an 11-kb sequence interrupting the nifD gene in
the chromosome of vegetative cells of the same Anabaena
strain, and it must be excised from the chromosome by
site-specific recombination between its 11-bp directly re-
peated border sequences in a late stage of heterocyst differ-
entiation in order to create a functional nifD gene (15, 16,
24). Six or 7 bases of the sequence of that 11-bp recombina-
tion site were found to be identical to corresponding bases
(no gaps introduced in the alignment) in the sequences
comprising the intrinsic repeats in the termini of IS892 and in
the M sequence. The nifD element also has essentially the
same G+C content and codon usage as 1S892 (Tables 2 and
3). No significant sequence similarity was found between
IS892 and the nifD element, except for their termini. )

Distribution of 1S892. 1S892 from Anabaena sp. strain PCC
7120 hybridized to genomic DNA from several other Ana-
baena and Nostoc strains which are filamentous, including
Anabaena sp. strain M-131 (40) (Fig. 3, lanes 3 and 4) but did
not hybridize to two unicellular cyanobacterial strains tested
(40). However, attempts to entrap an active 1S892-like
transposable element from Anabaena sp. strain M-131,
which is also sensitive to sucrose when bearing pRL250 (7),
failed (unpublished results). It is possible that the 1S892-
hybridizing elements in Anabaena sp. strain M-131 trans-
pose relatively infrequently or no longer at all.
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