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The nucleotide sequence of IStaqTZ2 are available in the DDBJ/EMBL/GenBank
databases under the accession number AB063392. A novel insertion sequence
(IStaqTZ2) was transposed from the genome of Thermus thermophilus TZ2 to that
of the thermophilic bacteriophage ¢IN93. The complete nucleotide sequence of
IStaqTZ2 was determined and was found to be 1,258 bp in length and to contain an
open reading frame (ORF1179), which is predicted to encode a transposase. IStaqTZ2
was also found to contain two terminal inverted repeats with 48 and 52 bp, respec-
tively. Based on homology analysis, IStaqTZ2 was classified as a member of the I1S256

family.
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There have been several reports of insertion sequences
isolated from Thermus sp. Utsumi et al. (1, 2) isolated
an insertion sequence-like genetic element, ISLtaql,
from the genome of T. aquaticus and found it to be
homologous to IS150 (3), which belongs to the IS3
family. ISLtaql has imperfect terminal inverted repeats
of 19bp and does not cause target site duplication.
In addition, Bergquist et al. (4) isolated an insertion
sequence, IS1000, from the genome of T. thermophilus
HBS8 and found its nucleotide sequence to be similar to
those of IS110 (5) and 1S492 (6). IS1000 also had imper-
fect terminal inverted repeats of 6bp and also did not
cause target site duplication. Finally, based on a homol-
ogy analysis, Henne et al. (7) predicted various insertion
elements harboring complete or partial transposase
genes in the genome and megaplasmid pTT27 of
T. thermophilus HB27.

We previously isolated an extremely thermophilic
bacteriophage, ¢IN93, from a lysogenic strain of
T. thermophilus TZ2 (8). Moreover, during an infection
experiment, we isolated a ¢IN93 containing an inte-
grated insertion sequence. A subsequent homology
search revealed the insertion sequence to be novel, and
to differ from those mentioned above.

MATERIALS AND METHODS

Cell Growth and Phage Infection—Thermus thermophi-
lus TZ2 were grown overnight at 70°C in A-2 medium
consisting of 0.1% tryptone, 0.1% yeast extract
and Castenholtz basal salts (pH 7.0) (8, 9). To infect
T. thermophilus TZ2 with ¢IN93, the culture was incu-
bated for 3.5h at 70°C with shaking at 220r.p.m.
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(ODg19p around 0.15 measured with a Hitachi U3310
spectrophotometer) and then mixed with ¢IN93 stock
solution to a multiplicity of infection of around 0.4.
Thereafter, the culture was incubated under the same
conditions until complete lysis had occurred (2.5h),
after which the cell debris was removed by centrifugation
at 3,000g for 10 min. The resultant ¢IN93 lysate was
stored at 4°C for use as the phage stock. The titre of
the phage was assayed using the overlay method of
Adams with some modification (9, 10).

Isolation of Phage DNA—@IN93 virions were prepared
as described previously (11). DNase I and RNase A were
added to the ¢IN93 lysate to final concentrations
of lug/ml each and incubated for 30min at 30°C.
Thereafter, 2.5M NaCl containing 25% polyethylene
glycol 8000 was added to the ¢IN93 lysate to a final con-
centration of 20% (v/v), and the mixture was incubated
for 1h on ice before being centrifuged at 15,000g for
30min at 4°C using an RPR12-2 rotor in a Hitachi
Himac CR20B3 centrifuge. The precipitated pellets
were suspended in 2ml of 10mM ammonium acetate
buffer containing 5 mM MgS0O4 (pH 6.0).

To extract the ¢IN93 DNA, an equal volume of phenol-
chloroform (1:1 v/v) was added to the purified phage
suspension, mixed and centrifuged at 2,800g for 10 min
at room temperature using a T4SS rotor in a Hitachi
Himac CT6E centrifuge. The aqueous phase was then
extracted, and the DNA was precipitated in ethanol.
The purified DNA was then dissolved in TE buffer
(10 mM Tris hydrochloride and 1mM EDTA, pH 8.0).

DNA Sequencing Analysis of the Insert—To clone the
insert DNA fragment, the original phage ¢IN93 DNA
and the inserted phage ¢IN93 DNA were digested with
BamHI and the digested genomic DNA were separated
by 1.0% agarose gel electrophoresis. The newly appeared
two DNA fragments were cloned into pUC19 in
Escherichia coli DH5a. The nucleotide sequences of
each clone were determined using an ALF DNA
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sequencer (Amersham Pharmacia Co.) with M-13 primer
and T7 primer. From the sequence experiments, the
inserted site in @IN93 genome and the partial nucleotide
sequence of the insert were determined.

To clone the full length of the insert DNA fragment,
DNA fragments were amplified by PCR (Gene Amp PCR
System 9700 Applied Biosystems Co.) using a PCR kit
(TOYOBO Co.) with the synthetic DNA oligomers 5'-GG
TGGTGAAAGGTGGGACC-3/, and 5-GAGTGAGGCCAA
GCTGCT-3'. To determine the nucleotide sequence of
the insert, two synthetic oligomers 5'-CTGCCATTCCGC
CTGAGGG-3' and 5-CGGAGAGCGCCCTGGGATGG-3
were constructed.

Computer Analysis—Homologous sequences and motifs
were sought using GENETYX WIN software (Software
Development Co.) with the DDBJ, EMBL and GenBank
databases.

Southern  Hybridization and PCR Analysis—To
analyse the insertion sequence in the genome of host
T. thermophilus TZ2, Southern hybridization and PCR
analysis were carried out.

The genomic DNA of T. thermophilus TZ2 was
extracted and purified using Isoplant (Nippon gene
Co.). The extracted genomic DNA was digested with
BamHI, BglIl and Pstl. These digested DNA were sepa-
rated by 1.0% agarose gel electrophoresis and transposed
to the Hybond -N+ nylon membrane (Amersham
Biosciences). Southern hybridization and colour detection
with NBT/BCIP was carried out using the Dig High
Prime DNA Labeling and Detection Starter Kit I
(Roche Diagnostics GmbH). The probe (185bp) was
amplified by PCR using the synthetic oligomers 5-CCA
GTACCTCCTTCACCTCCG-3 and 5-CCTGCGGAGCAC
CAACCTG-3'. The probe was random primed labeled
with Digoxigenin-11-dUTP using Dig-High-Prime accord-
ing to the manual. The hybridization temperature is
50°C which is calculated according to GC content and
percent homology of probe to target. The probe was
washed at 68°C.

PCR was carried out with the synthetic DNA oligomers
5'-CCAGGATACCTTGCGGATC-3' and 5-CCGTTCTGCC
CACCTCCC-3’ constructed from the nucleotide sequence
of the insert and the amplified DNA fragment was
sequenced.

Comparison of Lytic and Lysogenic Capacity of
Phage—To compare the lytic and lysogenic capacities
between ¢@IN93 and an inserted phage ¢IN93, infection
experiment was carried out. Thermus thermophilus TZ2
was infected with @IN93 (titre: 8x 107'°pfu/ml) or
the inserted phage ¢IN93 (titre: 6 x 107! pfu/ml) and
incubated at 70°C with shaking at 70r.p.m. using tem-
perature gradient rocking incubator (TVS126MB
ADVANTEC CO.). The growth of the each cell was
assessed as a function of the ODg;y.

RESULTS

Isolation of a Novel Insertion Sequence—To assay the
titre of ¢IN93, phage plaques were formed on an A-2
medium agar plate. To determine whether the ¢IN93 in
each plaque was intact, the phage DNAs were isolated
from some plaques, digested with BamHI and subjected
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to 1.0% agarose gel electrophoresis. Notably, the diges-
tion pattern of the DNA from the plaques differed from
the original ¢IN93 DNA (data not shown): an unknown
fragment had been inserted into the DNA harvested from
the plaques.

Determination of the nucleotide sequence of the
inserted fragment revealed that it was 1,258bp long
and had imperfect terminal inverted repeats, which
were 48 and 52bp, respectively, and showed significant
homology, though they were not fully coincident (Figs 1
and 2). The fragment also contained an open reading
frame (ORF1179) that could encode a protein of 392
amino acids, and a Shine-Dalgarno sequence (AGGAG
G) was present upstream of the initiation codon GTG.

In addition, gene analysis using GENETYX WIN
revealed the presence of transposase and the mutator
family motif (D**GL*****VYP) within ORF1179. These
findings show the unknown fragment to be a novel
insertion sequence (IStaqTZ2) containing a transposase
gene. IStaqTZ2 was inserted at nucleotide position
17,819-17,826 in the ¢IN93 genome and caused duplica-
tion of the target site, CCCATGCT (8bp), and a BamHI
site was identified within the inverted repeat of
IStaqTZ2. IStaqTZ2 present in the genome of ¢IN93
was apparently stable, as it has never been eliminated
in infection experiments. IStaqTZ2-inserted phage was
termed @IN93-IStaqTZ2.

Classification of IStaqTZ2—When we carried out a
search for homologues in the DNA and protein data-
bases, we found that ORF1179 has significant similarity
to the transposases of 1S256 (12), 1S1414 (13), IS905 (14)
and ISRm3 (15), which are all members of the IS256
family (Fig. 3). We also found a DEE motif within
ORF1179 [D**(66)"*D***(106)****E*(6)"R] that is similar
to those seen in IS256 family members: in parentheses
are the numbers of amino acids close to those in IS256
family members (16). Likewise, the lengths of the termi-
nal inverted repeats and the target site of IStaqTZ2 are
close to those seen in the IS256 family. Thus, IStaqTZ2
was classified as a member of the IS256 family.

Analysis of IStaqTZ2 in the Genome of Thermus sp—
To confirm the presence of IStaqTZ2 in the genome of
T. thermophilus TZ2, Southern hybridization was carried
out. In the result, several bands were appeared under
the condition described in the MATERIALS AND
METHODS section (Fig. 4). This result shows that
IStaqTZ2 is present in some locus of the T. thermophilus
TZ2 genome. The appearance of several thin bands and
high molecular bands were thought to be owing to partial
digestion of T. thermophilus TZ2 genomic DNA.

Furthermore, PCR was carried out using synthetic
oligomers constructed from the nucleotide sequence of
IStaqTZ2. The length of the amplified DNA fragment
was 1,078bp (Supplementary Figure S1), and its
sequence was identical to that of IStaqTZ2, which
confirms that IStaqTZ2 is indeed present in the
T. thermophilus TZ2 genome.

After we had identified IStaqTZ2 and submitted it
to the DNA databases, the same insertion sequence
was found in the genome of T. thermophilus HB8 (acces-
sion number: AP008226, the locus; 227,470-228,727,
target site; GGAACCGG/the locus; 966,067-967,324,
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to Thermophilic Bacteriophage pIN93

ggtcgtgtaaggatttatgtgtaaggatcecgtgtttaataggggggcacaccttagecacyg

(a) BamHI
SD sequence ORF1179

aggaggtgccccgtggaccaggataccttgecggattcttgetgagggaageggtgegggag

v D ¢ D T L R I L L R E A V R E
acagtagccgaggttctgcagacggttctggagctggaccggacagecttecttgcaggtg
T V A E V L Q T V L E L D R T A F L Q V
cacggaggccgcaggaacggctactacccceccgcaagectggagaccacctteggccaggtyg
H 6 6 R R N G Y Y P R K L E T T F G Q V
gacctgaaggtccctagggatcgggaatctecggtattaccecggecttteccttaageecctac
D L XK vV P R D R E S R Y Y P A F L K P Y
gcccegecgectggtggacgtgggggaagtagectgtggecttgtacgecgecggggteagt
A R R L V D V G E V A V A L Y A A G V 8
cagcgcaaggcggccgagatactgagcctgctectgggeccaccgetactecccacgagacce
Q R K A A E I L 8 L L L G H R Y S H E T
ctgagcgccctgacggacgaggtcctggaggcggcaggagccttecegcacccggectttg
L S A L T D E V L E A A G A F R T R P L
cccgaggagatggecttcegtctacctggacgggcectttceccctaaaggtcttcagggaagga
P E E M A F V Y L D G L S L K V F R E G

gaagggatcgtacgggaaagcgtgtatgtggccctgggecatcgeccctaatggggagagg
E G I Vv R E 8§ V Y V A L G I A P N G E R

cgggtcctggggttcectggettttgeccacggagagcgeccctgggatgggagggggtactg
R V L ¢ F W L L P T E S A L G W E G V L

ggggagctttggcagcggggcctgecggecgggtgttgetectttgtcaccgacgggetgece
G E L W Q R G L R R \Y% L L F v T D G L P
transposase and

gggcttcctgaagcgatccgcagggtctaccctcaggcggaatggcageggtgegtggtg
G L P E A I R R V Y P Q A E W Q R C V V

mutator family motif

cacggggtgcggtggagcctgtcccaggtgcgecteccecgggaccgggecctgetggecggag
H G V R W s L 8 0 V R 8 R D R A L L A E
gacctgaggcgggtgtacggggcggagagccgggaagaagctecttggggecttggaggag
D L R R V Y G A E S R E E A L G A L E E

gtgaaggccgcctggggttegeggtaccegggggtggtggggetttgggtacaggatteg
V X A A W G S R Y P G V V G L W V Q D 8

ggggccttcecctgecgettctacgggtaccccaaggtgcectttggeccgtacctgcggagcace
G A F L R F Y G Y P K V L W P Y L R S T
zmcgatggagcggtttatccgggagctacggcgggggacgaaggtgcgggaccacaag
N L M E R F I R E L R R G T K V R D H K

tttcctaaggaagaggcggtgtacaagcttctttacctggagtcggagaggcaggaaqg
F P XK E E A V Y K L L Y L E S E R Q E G

aggtgggcagaacggaaactaaaggggttctgggaggtgaaggaggtactggagaagatg
R W A E R K L X G F S E V K E V L E K M

cttcaggagcggtatgcccceccgtacacagactcettacacataactct tgacacgacc
L Q E R Y A P R T Q T L T H N S TER. (b)

-35domain

799

0060

0120

0180

0240

0300

0360

0420
O

0480 %
[e]
8

0540 g
S
3

0600 =
T
?

0660 )
5
=

0720 2
>
D
[
Q
<

0780 o
£
2

0840 >
8
S

0900 =)
Q
és

0960 s
>

1020 'g
o
Q

1080 N
&
N
Q

1140 Ny

1200

1258

Fig. 1. Complete nucleotide sequence of IStaqTZ2. Terminal (TTGACA) in the Thermus promoter are underlined.

inverted repeats (48bp and 52bp, respectively) are indicated by
bold arrows facing each other. The initiation codon GTG, termi-

nation codon TGA and Shine-Dalgarno sequence AAGGA are in arrows.
bold italic. The BamHI restriction site and —35 domain
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Transposase and the mutator family motif (D***GL******VYP)
are in bold. The synthetic DNA oligomers are indicated by
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Fig. 2. Comparison of the terminal inverted repeats. Identical nucleotide sequences between the terminal inverted repeats are

boxed.
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AGGGGGGCALCACC
-A-CGGGGGGCA[TACC

q —
:GGTCGTGT] TTATGTGTAAGGA H GTT(T]
:GGTCGTGTICAA- TTATGTGTAA- A-G-FCTGT

IS1414 1 MDEKQLQTLANELAKNLKTPEDLSQFDRLLKKLSVEAALNAEMTHHLGYEKNQ--SRPGA 58
IS256 1 --MTQVHFTLKSEEIQSIIEYSVKDDVSKNILTTVENQLMENQRTEYIQAKEYERTENRQ 58
IS905 1 ----- MTQFTTELLNFLAQKQDIDEFFRTSLETAMNDLLQAELSAFLGYEPYDKVGYNSG 55
ISRm3 1 MAIEKELLDQLLAGRDPSEVFGKDGLLDDLKKALSERILNAELDDHLDVERLE--GGP-A 57
IStagTz2 1 ------- VENRGAHLSTRRCPVDQDTLRILLREAVRETVAEVLQTVLELDRTAFLQVHGG 53
IS1414 v STKTVI[TGDGPLE DiDGTFEP.LVKKNQTRITGMDNQILSL T 118
IS256 YYERSFTTRVGTLE] TRIDGHF S|IPTVEFERYQRNEKALMASMLEMY|VSGV S 118
IS905 SYSRQFETKYGTVQ DRINGNFS|PALLPAYGRRDDHLEEMV I KI| T 115
ISRm3 SSKKTVLTIGTSKMT] DRAGTEFD[FKLIARYQRREFPDFDDKI ISV T 117
IStagTz2 VYPRKLE[TITFGQVD DRESRYY|PAFLKPYARRLVDVGEVAVAL S 112
IS1414 119 EIAAAFKELYDADV[SIPALIISKVTDAVMEQVVEWQNRIPIL{-DAVYPIVYLDICIVL-K DS 176
IS256 119 KVSKIVEELCGKSV|SKSFVISISLTEQLEPMVNEWQNRLSEKNYPYLM LYI-K EN 177
IS905 116 EISDIIERMYGHHY[SIPATIISINISKATQENVATFHERISI{-EANYSVLFLDGTYL-PLRRG- 172
ISRm3 118 EIQGHLEELYGIDV|SIPDLIISAVTDTVLEAVGEWQNRIPIL{-ELCYPLVFFDAIRV-KIRDEG 175
IStaqTz2 113 KAAEILSLLLGHRY|SHETLISALTDEVLEAAGAFRTR|P[|- PEEMAFVYLDGLSLKVEREGE 171
*
IS1414 177 RVINKSVFLALGINIEGQKELLGMWLAENEGAKFWLNVLTELKN NDILIAC L 236
IS256 178 RVLSKSCHIRIGITKDGDREIIGEFMIQSGESEETWITEFEY[LKE QGTELVISDAH 237
IS905 173 TVSKECIHIPLGITPEGQKAVILGYEIAPNENNASKWSTLLDKLONQGIQQVSLVV F 232
ISRm3 176 FVRNKAVY AVLADGSKEILGLWIEQTEGAKEWLRVMNE[LKN. QDILIAV L 235
IStaqTz2 172 GIVRESVY GIAPNGERRVLIGFWLLPTESALGWEGVLGE[LWQ RRVLLEFV LPG 231
&

I1S1414 237 FPDAINTVYPKARIQLAT SL
IS256 238 LVSA|IRKSFTNVSWORIQVHFLRNTF
I1S905 233 LEQI|ISQAYPLAKQQRIAL THT SRINT.A
ISRm3 236 FPEAITAVFPQTIVIQTAT VHL IRHSL
IStaqTZ2 232 LPEAIRRVYPQAEWQRIAV SL

IS1414 297 AAA-WD-SR[Y[PQISRSWQANWPNLAT
IS256 298 IHDYIDQPKY|SKACASLDDGFEDAFQ
IS905 293 IAE-WK-P KVME-SLENTDNLLT
ISRm3 296 EEGYWG-QK[Y|PATAQSWRRNWEHVVP
IStaqgTZz2 292 KAA-WG-SRY|PGVVGLWVQDSGAFLR

IS1414 354 V|FPTDDSVKKVVWLAIQSASRKW-TM
IS256 356 I|FPINQTSANRLIGAVLMDLHDEWIYS
IS905 349 LFPNEEALERYLVTLFEDYNFKQSQR
ISRm3 354 HFPGDEAAMKLLYLVLNNAAEQW-KR

IStaqTZ2 350 KFPKEEAVYKLLYLESERQEGRWAER

Fig. 3. Multi-alignment of the protein encoded by ORF1179
and IS256 family transposases. Identical amino acid residues
are boxed. The amino acid residues of the DEE motif

target site; GTGGCACC/the locus; 1,210,978-1,212,235,
target site; GTTCCTGGC/the locus; 1,750,228—
1,751,485, target site; AGGGCCTC), in the megaplasmid
pTT27 of T. thermophilus HB8 (accession number:
AP008227, the locus; 76,013-74,756, target site; CCTTC
GTG/the locus; 239,299-240,556, target site; GGAGC
TTG) and in the plasmid of Thermus sp. 4C (accession
number: EF407947, the locus; 891-2,148, target site;
TGGGGACG) (17), which suggests IStaqTZ2 has been

TTIPKKNSKSFREAVKGIFKFTDINLAREAKNRL 297
SKVKRADRAVILEQFKTIYRAENLEMAVQALENE 292
EFVSYKDRRTVVPALRAIYRARDAEAGLKALEAF 295

REFVSWKDYKAVTRDLKAIYQAPTEEAGQQALEAF 296
El
SQVRSRDRALLAEDLRRVYGAESREEALGA[LEEV 291

FFAYPTDIRKVIYT] IJE[SLNSVIRHAIK-KRK 353
-YTVQGNSHNRLKS[TNLI|ERLNQEVRRREK-IIR 355
FYQFPYQIWHSIVYS[INLIESLNKEIKRQTK-KKV 348

FFAFPEGVRRIIYT] IJEALNSKLRRAVR-SRG 353
FYGYPKVLWPYLRS[INLMERFIRELRRGTKVRDH 349
* *
PLKDWRMAMSRFIIEFGDRLDGHF------- 402
SRKYINFDK-------=------------—--- 390
IHKGFGQCADTLESLEFD-------------- 391
APREWVEAKTQFAVIFGERFFN--------- 400
KLKGFSEVKEVLEKMLQERYAPRTQTLTHNS 406

(D*™™(66)”*D*™*(106)”**E*(6)"R) are marked with asterisks.
Hydrophobic residues are in yellow; acidic residues are in blue;
basic residues are in pink; and neutral residues are in green.

transposed among the host genome, plasmid and phage
genome of Thermus sp. All of the target sites of these
insertions are eight or nine bases but the nucleotide
sequences of the target sites are different. So, it shows
that the insertion of IStaqTZ2 occurs in a random fash-
ion with eight or nine bases as a target site.

Analysis of IStaqTZ2 in the Genome of ¢IN93—
IStaqTZ2 is inserted into ORF36 in the ¢IN93 genome.
Based on the results of a homology search, ORF36 is
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Fig. 4. Southern hybridization analysis of IStaqTZ2
present in T. thermophilus TZ2 genome. Thermus thermo-
philus TZ2 genome DNA, digested with some restriction
enzymes, was subjected to Southern hybridization analysis
using the DNA fragment (185bp) amplified by PCR as a
probe. (A) Ethidium bromide staining of 1% agarose gel before
capillary transfer of DNA to the Hybond —N+ nylon membrane:
lane 1; ADNA/HindlIll, lane 2; BamHI, lane 3; Bglll, lane 4;
Pstl, lane 5; T. thermophilus TZ2 genome DNA. (B) Southern
hybridization analysis: lane 6; ADNA/HindIIl, lane 7; BamHI,
lane 8; BgllIl, lane 9; Pstl, lane 10; T. thermophilus TZ2
genome DNA.

1

predicted to encode a transcriptional regulator that
functions in the same way as a lexA repressor
(Supplementary Figure S2). ORF36 is therefore consid-
ered to be an important gene involved in determining
whether the lytic cycle or lysogenic cycle proceeds
(under subscription).

To compare the lytic and lysogenic capacities of ¢IN93
and @IN93-IStaqTZ2, we next carried out an infection
experiment. Both the lytic capacity and the lysogenic
capacity can be evaluated by the growth of the host
cells after phage infection. Under conditions in which
the titers of the two phages were about the same, the
growth of host T. thermophilus TZ2 infected by each
phage was assessed as a function of the ODg;9. We
found that the time from each phage’s inoculation to
lysis of T. thermophilus TZ2 or to growth of lysogenic
T. thermophilus TZ2 was the same, whether the cells
were infected with ¢IN93 or ¢IN93-IStaqTZ2. So, the
growth curves by ¢IN93 or ¢IN93-IStaqTZ2 infection
were almost coincident. Thus, ¢IN93-IStaqTZ2 had the
same lytic and lysogenic capacities as ¢IN93 (Fig. 5). On
the basis of the results, the gene function of
IStaqTZ2-inserted ORF36 seems to be maintained as
that of original ORF36.

DISCUSSION

We isolated the specific plaques of ¢IN93 with
IStaqTZ2-inserted genome and confirmed that the
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Fig. 5. Comparison of the growth of T. thermophilus TZ2
infected with ¢IN93 or ¢IN93-IStaqTZ2. Thermus thermo-
philus TZ2 was infected with ¢IN93 or ¢IN93-IStaqTZ2.
The growth curves were indicated as follows: closed triangle,
T. thermophilus TZ2; open circle, T. thermophilus TZ2 infected
with @IN93; closed circle, T. thermophilus TZ2 infected with
@IN93-IStaqTZ2.

IStaqTZ2 was present in T. thermophilus TZ2 genome
by Southern hybridization and PCR experiment,
showing that the insertion sequence, IStaqTZ2, trans-
posed from T. thermophilus TZ2 to Thermus bacterioph-
age. This is the first description of transposition in
Thermus sp. In future experiments, we aim to clarify
the efficiency and the conditions under which IStaqTZ2
is transposed from T. thermophilus TZ2 genome
to @IN93.

From gene analysis of @IN93-IStaqTZ2, ORF36
is splitted by IStaqTZ 2 and is predicted to extend
from the initiation codon TTG, overlapping the stop
codon (TGA) of the ORF1179, to the stop codon (TGA)
of ORF36 (length: 651bp, 216 amino acid residues).
If this is the case, only the four amino acids MAIQ
of gp36 are replaced by LT for the N-terminal sequence
(Fig. 6). Thus, the gp36 is thought to maintain the
functions as a transcriptional regulator. This supposi-
tion, however, requires further analysis to confirm its
validity.

SUPPLEMENTARY DATA

Supplementary data are available at JB online.
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tatcttagtggtgtggtggtgaaaggtgggaccatggcaatccaaagacclagcatggggg
M A I Q R P A W G

tcgtgtaaggatttatgtgtaaggatccgtgtt taataggggggcacaccttagcacgag

s ¢ XK D L C VvV R I R V =*
gaggtgccccgtggaccaggataccttgeggatcttgetgagggaageggtgegggagac
---------------------------- (IStaqTZ2) ----------------mmmom—ooo-

gcggtatgccccccegtacacagactcttacacataactcettgacacgaccagcatggggt
L T R P A W G

gaggctataaaggcccgccgcaagcagcttggectcactcaagaagacctagaagccgec
E A I K A R R K Q L G L T Q E D L E A A
acgaacgatatcctttcgcaaaaaactatctccgacctcgaggtaggeccgggttcacceg
T N D I L S ©Q K T I S D L E V G R V H P
ctcaatcttggggcggaaaagttccttgecectgectaagecgeecctecgetggaccececggag
L N L G A E K F L A L L S A L R W T P E
gagttcgccgaagccacgggcctggacgtgcecectggtctaccgececctcgggggagect
E F A E A T G L D V P L V Y R P S G E P
cgggaggatgtggtctgggtgcccgtggtgggctccggegtggecggggeggecttggece
R E D V V W V P V V G S G V A G R P W P
gagtccgggagcatgcccgtceccccegcecceccctggtacgececcgggcectecgtgetcateccag
E S 6 s M P V P R P L V R P G S V L I 0
gtggaaggggactccatggacaccggggaggaagacggcctccgggacggggacttggtg
vV E 6 D $S M D T G E E D G L R D G D L V
ctggtggaccagaacctcaaggacctccgggaaggecgagtctacgecgtggagatcate
L VvV D Q N L K D L R E G R V Y A V E I I
ggggacggcatcgccatcaaacgggcccgcaagcttggcaaccgectggattttgattteg
G D G I A I X R A R K L G N R W I L I 8
gacaacccgaaaggcccgcttttggaacccgaggaggtgegegtgattggggaggtetac
D N P K G P L L E P E E V R V I G E V Y
cggaagatcagcatccgggaggtgaagtga

R K I s I R E V K *

Fig. 6. Insertion of IStaqTZ2 into ORF36 in the ¢IN93
genome. The initiation codons (ATG and TTG) and termination
codons (TAA and TGA) are in bold italic. Target site duplicates
(AGCATGGG; 8 bps) are boxed. Terminal inverted repeats are
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