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Escherichia coli 1S186 was isolated from cDNA libraries made from rainbow trout RNA and maintained in
E. coli RR1. The element was 1,347 base pairs in length, had a perfect inverted repeat of 25 base pairs, and
had an open reading frame of 375 amino acids. The hypothetical protein sequence of ISI86 had limited
homology to the E. coli IS4 hypothetical protein I sequence. There were three copies of IS186 in E. coli RR1.

We have been studying the heat shock-inducible proteins
in a cultured cell line from rainbow trout, Salmo gairdnerii.
The major stress-inducible protein in these cells has a
molecular weight of 70,000 (4). This protein has been termed
hsp70. As a first step in characterizing this protein, we
constructed a cDNA library with RNA isolated from heat-
shocked trout RTG-2 cells (5) by the method of Wickens et
al. (12). The cDNA was annealed irito the ampicillin resist-
ance gene of pBR322 by the guanine-cytosine (G-C) tailing
method of Deng and Wu (2). Recombinant plasmids were
used to transform Escherichia coli RR1 cells. To probe this
library, we used 3?P-labeled Drosophila melanogaster hsp70
DNA (9). One of the clones selected, pTHS70.7 (5), con-
tained partial sequence information for trout hsp70 (designa-
tions without lowercase “‘p” refer to the inserts). The
remaining 1.35 kilobases of the total 2.2-kilobase insert
contained a sequence with no homology to hsp70. Owing to
the unusual nature of this sequence, a second trout tDNA
library was screened for similar sequences. The second
library was made by the method of Land et al. (6) and
inserted into the Psil site of pBR322 by the G-C tailing
method (2). Like the first library, it was used to transform E.
coli RR1 cells by the method of Dagert and Ehrlich (1). The
probe used to screen this library was a segment of pTHS70.7
that included 170 base pairs (bp) of the hsp70 coding se-
quence and 690 bp of the unassigned sequence. A total of 24
clones were selected from a library of 5,000. Partial restric-
tion mapping of the selected clones proved them to contain
sequences identical to the unassigned pTHS70.7 sequence.
However, none of these clones contained additional se-
quence information from other RNAs. One of the new
clones, pT31, along with pTHS70.7, was analyzed by nucle-
otide sequencing by both the method of Maxam and Gilbert
(7) and that of Messing et al. (8).

The nucleotide sequences of the unassigned portions of
THS70.7 and T31 were identical. The complete sequence of
T31 is shown in Fig. 1. There was one long open reading
frame within T31 (Fig. 1). This 375-amino-acid-long region
contained both an ATG start site and a TAA stop codon. No
polyadenylation signal (AAUAAA) could be identified
downstream from the stop codon.

The T31 sequence had 25-bp-long terminal inverted re-
peats which lay within the guanine tail of pBR322 (Fig. 2A).
We presume that pT31 lost its cDNA insert by recombina-
tion. In pTHS70.7 the inverted repeats were 27 bp long and
lay in a cytosine tail which linked a heat shock cDNA to the
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plasmid (Fig. 2B). The variability in the length of the
inverted repeats may reflect the insertion of different copies
of the element (see below). Direct repeats flanking the sites
of insertion in pT31 and pTHS70.7 could not be determined
since they would presumably have been indistinguishable
from the surrounding homopolymers.

To determine whether the T31 protein or its analogs had
been previously reported, the hypothetical protein sequence
was sent to the National Biomedical Research Foundation at
the Georgetown University Medical Center in Washington,
D.C. A search was conducted in their protein sequence data
base for homology to the T31 hypothetical protein sequence.
Although no extensive homologies were found in the 2,538
sequences searched, the best homology was to the IS4
hypothetical protein I from E. coli (3). In particular, a region
of the IS4 hypothetical protein I which spans amino acid
residues 274 to 338 (3) matched well with part of the pT31
hypothetical protein. The included residues were 41% ho-
mologous, although the pT31 protein had two insertions of
11 and 18 amino acid residues.

The protein homology and the physijcal characteristics of
T31 suggested to us that this sequence originated in the E.
coli genome. In addition, RNA dot blots (5) with both
heat-iniduced and control RNAs from trout RTG-2 cells did
not reveal hybridization to 32P-labeled probes made from
pT31. Southern transfers (11) of trout genomic DNA also did
not reveal hybridization to T31 probes.

To test for the presence of T31 sequences in E. coli, we
selected restriction sites within the sequence and carried out
the corresponding digests on DNA isolated by phenol ex-
traction (10) from E. coli RR1. After transfer to nitrocellu-
lose (11), the restricted DNA was hybridized to 3?P-labeled
Pst1 fragments of T31 (which span the entire element).
Hybridization conditions were standard and are described
elsewhere (5). The result, shown in Fig. 3A, revealed all of
the expected restriction fragments. A similar experiment
was done with E. coli B DNA (Sigma Chemical Co., St.
Louis, Mo.) with identical results (data not shown). Accord-
ingly, the T31 sequence was submitted to the Plasmid
Reference Center of the Stanford University School of
Medicine, Stanford, Calif., and the designation IS186 was
assigned.

To determine the copy number of ISI86 in the E. coli
genome, we chose restriction enzymes that did not cut
within the IS186 sequence. The results (data not shown) of
HindIII and Pvul digests of RR1 and B DN As suggested that
three copies of IS186 exist in the E. coli genome. Figure 3B
compares HindIII digests of various E. coli strains probed



958 NOTES J. BACTERIOL.

N Y
CTGC. ATAAGCGCTAACTTAAGGGTTGTGGTATTACGCCTGATATGATITAACGTGCCGATGAATTAC
AL J0 as L] s 20

S W D N V¥ S A 1 L A M I G K P E E LD T S A RNUAGUALT R
TCYCACGATAACTGGTCAGCAATTCTGGCCCATATTGGTAAGCCCGAAGAACTGGATACTTCGGCACGTAATGCCGGGGCTCTAACCCGC
163 180

120 138 150
R R € I R O A &4 T L L G L A Y G P G G M S L R E V T a v
CGCCGCG!AA'VCGVGA'“VGCAICYCYGCVACGYC"GW'GGC'7ACGQCCCCWG"GVCAYVACGVGAAG'CACIGCA'GG
210 223 240 258 270

0O L B D V A4 T L S O V A L L XK /& L B N A AD UV F G I L A &
GC'CAGC'CC"GACG'TGCAAC‘Y'IVCVGACGVGGCTCYCC'GAAGCWC'GCGGAAVGCCGCCGACYGG‘V’GGC!'AC"GCCGCA
28 300 1S 3% 360

345

Ve
Q L AV R A A VT GG C T S G ® L "R LV D GT A1 S G P G
CAAACAC1YGC'GYACGCGCCGCAGY'ACGOGIYGYACAAGCGGAAAGAGAYYGCGYCV'GVCGA'WAC‘GCAA'CAGVG“CCC!-“
3s 380 405 420 438 430

G G T A E W R L M M G Y D P H YT C O F T D F € L YT DS R 0 A
GGCGGCACCGCTGAATGGCGACTACATATGGGATATGATCCTYCATACCTGTCAGTTCACTGATTTTGAGCTAACCGACAGCAGAGACGCY

a6s 480 . 495 s10 825 $40
€ L D R F A0 T A D E I R 1 A ODRGTF G S R PECTI ® § L
cnccccmclccm"vacccnncccumccmtucccnlccchcccmnvccc"cccevccccuvcuvccec'cncvv
sss s70 sss €00 615 €30
A F G € A O 1 V R V H ¥ R G L R ¥ L ¥ A € G M " F D M ™
ccnnccncuccvcnuuvccvccccc"ncvcﬁccnccnvccccch"ncrccwuwnccccv"mcncnmv
s 660 s €90 108 720

F L R G L D C G X '§¥ G €E T T v M I G N S G N KK A G A P F P
"IYC’!GCGCGGGCYGGA'VGCGGYIAGAACGG'GAAACCACVG'llYGAVAGGCAAYYCAGGVAAVIAAAAlGCCGGIGCYCCC'YYCCG
. 73 7%0 765 780 795 810

[ L 1 A v s L P P E X 4 L I $ K T ® L L S ENRORKXTGO®R YV
GCICGYCVCAYYGCCGYA'CACYYCC‘CCCGAAAAAGCAV7AAVCAG'AAAACCCGACVGC'CAGCGIGAAYCG\‘CGIIAAGGACGAG'A
82% 840 855 870 [11] 900

vV 0 A € T L E A A G H V L L L T S L P € 0D E Y S. 4 E 0 V &
GTTCAGGCGGAAACGCTGGAAGCAGCGGGCCATGTIGCTATTGCTAACATCATTACCGGAAGATGAATATTCAGLAGAGCAAGTGGCTGAT

930 943 960 978 990
C vy R L R v 0 1 €E L A F x R L X S L L H O A L R A X £ P ¢
'GY"ACCGTCIGCG.'GGCAA!Y'clAC'GGCVY"AAGCGGC'CAAAAG"IGC'GCACCY(‘-GAVGCV"GCG'GCAAAGGA‘CC'GAA
1020 1038 1050 1069 1080

L A x A w I F A N L L A A F L 1 001 1 S H R WV I S P P E V
CTCGCGAAAGCGTGGATATTTGCTAATCTACTCGCCGCATTTTTAATTGACGACATAATCAGCCATCGCTGGATTTICCCCCCCAGAAGTG
1095 1110 1129 1140 11598 1170
R I R x € E L 7T ® €
cccncccuncncncvucvccrvcvccacnvncnnuvccvcncvcctsc'nctcclccccnvcclccclcacuvccc
1188 1200 1215 1220 1243 1260

YGACA“C'ACAAAACGCIAVVGI AGAACGCGAGGCATCGTCTTAACGAGGCACCGAGGCGTCGCATTCTTCAGATGGTTCAACCCTTAL
1278 1290 130% 1320 133% 1350

GTTAGCGCTTATGGGGGGGGGECCC
1360 1370

FIG. 1. Nucleotide sequence of T31 and its predicted amino acid sequence. The single-letter amino acid code is as follows: A, alanine; C,
cysteine, D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine, M, methionine;
N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; and Y, tyrosine.

pT31

CCCATAAGCGCTAACTTAAGGGTTG - 1291bp -+ CAACCCTTAAGTTAGCGCTTATGGG

GGGGGGGGGGGGGGGGGGGIGGGGGGCCCC

pTHS70.7

CCCCCATAAGCGCTAACTTAAGGGTTG -+ 1291bp - CAACCCTTAAGTTAGCGCTTATGGGGG

—— GGGGGGGGGGGGGG G- TROUT Hs 70.7 <DNA|—cccclecceeeccccecccc

857 bp
FIG. 2. Inverted repeats and sites of insertion in pT31 and pTHS70.7. Dark horizontal lines indicate the pBR322 sequence.
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FIG. 3. Southern blot analysis of E. coli genomic DNA. DNA
from E. coli was digested with various restriction enzymes, frac-
tionated on a 0.7% agarose gel, and transferred to nitrocellulose.
The probes used were 32P-labeled PstI fragments of T31. (A) E. coli
RR1 digests were performed to liberate the following internal T31
fragments: lane 1, PstI-Rsal, 316 bp; lane 2, PstI-BamH]I, 483 bp;
lane 3, Ddel, 599 bp; and lane 4, BamHI-Rsal, 800 bp. Lane 5 was
a control BamHI-Rsal digest of T31. (B) Various E. coli strains
digested with HindIIl, which has no site within T31; were probed
with 3?P-labeled pT31 Ps¢I fragments. The strains were as follows:
lane 6, RR1; lane 7, JM83; lane 8, JM103; lane 9, Q358; lane 10,
Q359; lane 11, DPSO0 supF; lane 12, MC1000; and lane 13, MC4100.
Kb, Kilobases.

with the T31 PstI fragments. All tested strains showed a
similar restriction pattern, and all had three copies of the
element per genome. Some sequence variability in the three
copies may be inferred from the various intensities of
hybridization to individual HindIII fragments (Fig. 3B).

The specificity of IS186 insertion may favor poly(G-C)
stretches in pBR322, although omly insertions into the
ampicillin resistance gene were analyzed. In addition, since
annealed cDNA was used with plasmids to transform E. coli
cells, it is possible that the insertion of IS186 may be
associated with both G-C stretches and the in vivo ligation of
the annealed regions of the plasmid. Further experiments
will be required to resolve this point.

In summary, IS186 appears to be a common element in our
cDNA libraries. Its presence there may be related to an
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insertion specificity for G-C stretches. Its presence further
creates two problems. First, it causes an overestimated
number of bona fide cDNA clones, possibly by as much as
1% of the total clones. Second; it can be mistaken for cDNA,
particularly if it lies tandem to a cDNA clone of interest,
such as in the case of pTHS70.7. The ability to make specific
probes for the IS186 sequence should help avoid such
problems.
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