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Transposition of a new 5.4-kb transposon, Tn4811, of Streptomyces lividans to the melC operon of
Streptomyces antibioticus on plasmid pLJ702 was discovered. The nucleotide sequence of this copy of Tn4811,
which contained an imperfect (9 of 11 bp) terminal inverted repeat, five putative Strepfomyces coding sequences
for an oxidoreductase and its transcription regulator, and three transposition-related proteins, was deter-
mined. SLP™ strains of S. lividans contained one copy (4) of Tn4811, while SLP2* strains contained an
additional copy (B) on the SLP2 plasmid. The nucleotide sequences at three insertion junctions of Tn4811 were
determined. Copy B lacked 41 bp from the left end. At the other five junctions the duplication of a putative 3-bp
target sequence (TGA) was observed. A sequence of less than 3 kb homologous to Tn4811 was present in S.
antibioticus. DNA homologous to Tn4811 was not detected in 14 other Streptomyces species.

Structural instability of genomic DNA is a widespread
feature of gram-positive, filamentous, soil bacteria of the
genus Streptomyces (32). Many genetic traits undergo spon-
taneous loss in laboratory cultures at frequencies of 10~ to
10~2. Exposure to certain stresses such as UV irradiation,
DNA intercalating agents, cold temperature, or protoplast-
ing and regeneration increases the frequency of these insta-
bilities. The mutations involved in the instabilities are attrib-
uted to large deletions of chromosomal DNA, which are
frequently accompanied by tandem amplifications of partic-
ular sequences nearby (32). The genetic principle(s) under-
lying the structural instability is not clear. Possible mecha-
nisms involved are homologous recombination, site-specific
recombination, and transposition. Homologous recombina-
tion systems in Streptomyces species and their contribution
to genetic instability have received little study. Tsai and
Chen (41) isolated a rec mutant defective in intraplasmid
recombination but not in chromosomal recombination
(25). Chou and Chen (11), in their investigation of an
unstable arg gene, found no effect of this rec mutation on its
instability. Site-specific recombination and transposition,
although representing forms of fluidity of genomic DNA,
have not been implicated in the instability of other DNA
sequences (8).

About one-third of Streptomyces species can produce
melanin pigment (44). The melanin (melC) operon of Strep-
tomyces antibioticus has been cloned (24), sequenced (3),
and widely used in many recombinant vectors. The melC
operon in the Streptomyces species examined is genetically
unstable, undergoing spontaneous deletions at relatively
high frequencies—about 1073 (32). Similar to those observed
in other unstable genes in Streptomyces species, the dele-
tions of melC were frequently accompanied by extensive
tandem amplifications of specific sequences (18, 32).
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The structure of the melC sequence on recombinant
plasmids is also relatively unstable, being frequently ob-
served in many laboratories. In this study we characterized
the structural instabilities of melC on a recombinant plasmid,
plI702, and discovered a new 5.4-kb transposon, designated
Tn4811 (independently discovered by Tanaka et al. [38]).
The nucleotide sequence of Tn4811, which exhibited an
imperfect terminal inverted repeat and several potential
coding sequences with putative transpositional and acces-
sory functions, was determined. Two copies of Tn4811 were
found in wild-type Streptomyces lividans. Putative duplica-
tions of target sequences were detected at the insertion
junctions. Screening of 15 other Streptomyces species for
sequences homologous to Tn4811 by hybridization revealed
only a less than 3-kb homolog in S. antibioticus.

MATERIALS AND METHODS

Bacterial cultures, plasmids, and phages. The bacterial
strains and plasmids used in this study are in Tables 1 and 2,
respectively. S. lividans TK64 argX was an Arg™ mutant of
TK64 that required arginine or ornithine for growth (11).
Streptomyces albus B3381 and Streptomyces griseorubens
TAMO0060 were a gift from Ying-Chieh Tsai (National Yang-
Ming Medical College, Taipei, Taiwan). S. antibioticus
strains were grown on S agar or in S liquid medium (9) at
30°C. S. lividans was grown on R2YE agar or in TSB or
YEME liquid medium (22) at 30°C. Escherichia coli cultures
were grown on L agar or in L broth (27) at 37°C. VCSM13
helper phage was from Stratagene (La Jolla, California).

Enzymes and reagents. Restriction enzymes and T4 DNA
ligase were from Boehringer Mannheim (Mannheim, Germa-
ny), Bethesda Research Laboratories (Gaithersburg, Md.),
and New England Biolabs (Beverly, Mass.) and were used
according to the specifications supplied. Thiostrepton was a
gift from S. J. Lucania of Squibb Institute for Medical
Research (Princeton, N.J.). Sequenase and Tagl polymerase
sequencing kits were from United States Biochemical
(Cleveland, Ohio) and Promega (Madison, Wis.), respec-
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TABLE 1. Bacterial strains used in this study

Bacterial strain

Genotype or characteristics

Source® or reference

E. coli XL-1 Blue

Streptomycetes
S. lividans
1326
TK19
TK20
TK21
TK23
TK24
TK64
TK64 argX
JT46
S. alboniger ATCC 12461
S. albus B3381
S. antibioticus IMRU 3720
S. argenteolus ATCC 11009
S. cattleya IFO 14057
S. coelicolor M130
S. glaucescens ATCC 23622
S. griseorubens 1AM0060
S. griseus ATCC 10137
S. hydrogenans ATCC 19631
S. kanamyceticus ATCC 12853

S. paryulus 2283 (from ATCC 12434)

S. moderatus ATCC 23443
S. nogalater ATCC 27451
S. sparsogenes ATCC 25498

recAl lac endAl gyrA96 thi hsdR17 supE44 Stratagene
relA1 (F' proAB lacl? lacZAM15 Tnl0)

Wild type (SLP2* SLP3*) 22

SLP2~ SLP3* 22

SLP2* SLP3~ 22

SLP2™ SLP3~ 22

SLP2~ SLP3~ spc-1 22

SLP2~ SLP3~ str-6 22

SLP2~ SLP3~ pro-2 str-6 22

SLP2~ SLP3~ pro-2 str-6 argX 11

SLP2~ SLP3~ pro-2 str-6 rec-46 41

Wild type CCRC
Wild type Y.-C. Tsai
Wild type 24

Wild type CCRC
Wild type CCRC
uraAl argAl strA1 SCP1~ SCP2~ 22

Wild type CCRC
Wild type Y.-C. Tsai
Wild type CCRC
Wild type CCRC
Wild type CCRC
str-1 22

Wild type CCRC
Wild type CCRC
Wild type CCRC

% CCRC, Culture Collection and Research Center, Food Industry Research and Development Institute, Hsinchu, Taiwan.

tively. KS and SK sequencing primers were from Stratagene.
[a-**P]d-eoxynucleoside triphosphate and [a->*S]dATP were
from Amersham (Buckinghamshire, England).

DNA manipulations and genetic transformations. Standard
recombinant DNA techniques were the methods of Sam-
brook et al. (29). Preparation, transformation, and regener-
ation of Streptomyces protoplasts were by the methods of
Hopwood et al. (22).

DNA sequencing. pLUS729 was digested with BamHI into
three fragments, subcloned into pBluescript II KS(—) and
propagated in E. coli XL1-B (6). These subclones were
subsequently dissected with other restriction enzymes and
further subcloned into 25 recombinant plasmids (based on
the pBluescript II vectors) for sequencing. Single-stranded
plasmid DNA was rescued by using VSCM13 helper phage

and sequenced with the dideoxy method of Sanger et al. (30)
by using the Sequenase or the Tagl Polymerase Sequencing
Kit. Primers were either the SK or KS primer or synthetic
oligonucleotides based on the sequences determined. Oligo-
nucleotides were synthesized with an oligonucleotide syn-
thesizer (model 380B; Applied Biosystems). pLUS796,
pLUS797, pLUS798, and pLUS799 DNA containing the
various insertion junctions on pBluescript II KS(+)/KS(—)
(Table 2) were sequenced directly without subcloning.
Computer analyses of DNA and protein sequences. DNA
and protein sequences were analyzed by the University of
Wisconsin Genetic Computing Group (UWGCG) package
(version 7.0), PC/Gene (IntelliGenetics, release 6.60), or
GeneWorks (IntelliGenetics, release 2.01). The protein and
DNA data bases used for homology search were SwissProt

TABLE 2. Plasmids used in this study

Plasmid Description Source or reference

SLP2 50-kb linear conjugative plasmid of S. lividans 10

pBluescript II KS(+)/KS(-) E. coli phagemid cloning vectors, bla lacZa Stratagene

plJ702 Streptomyces plasmid pl1J350 containing melC of S. antibioticus 24

pLUS729 plI702 melC2::Tn4811 This study

pLUS791 pBluescript II KS(—) carrying the 5.0-kb KpnI-SstI fragment of This study
Tn4811 from pLUS729

pLUS796 pBluescript II KS(—) carrying the 0.45-kb KpnI-EcoRI This study
fragment encompassing the left terminus of copy A of Tn4811

pLUS797 pBluescript II KS(+) carrying the 0.40-kb BamHI-PstI This study
fragment containing the right terminus of copy 4 of Tn4811

pLUS798 pBluescript II KS(+) carrying the 4.0-kb EcoRI-Clal fragments This study
of SLP2 containing the left terminus of copy B of Tn4811

pLUS799 pBluescript II KS(+) carrying the 4.7-kb EcoRI-Clal fragments This study

of SLP2 containing the right terminus of copy B of Tn4811
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(version 18.0) and EMBL (version 27.0). Prosite (version
4.00 in PC/Gene) was used for searching for signals and
motifs in proteins.

RESULTS AND DISCUSSION

melC on plJ702 was structurally unstable. Recombinant
plasmid pIJ702 (24) contains the cloned melC sequence of S.
antibioticus, which confers melanin production to Mel™
hosts, S. lividans, and others. Spontancous Mel~ variants
were detected at high frequencies in pIJ702 transformants of
S. lividans TK64. The frequencies were in the order of 1073
in fresh cultures from single Mel™* reisolates or transfor-
mants but appeared to rise as the cultures were progressively
propagated. In some cases the Mel™ phenotype was deduced
to be due to an unidentified mutation in the S. lividans host,
because plasmid DNA isolated from these cultures still
conferred melanin production to secondary transformants.
This genetic determinant also appeared to be unstable;
mutations in it were readily detected and accumulated in
cultures propagated without reisolation (up to a frequency of
30% in very old cultures) (40). These mutants were not
explored further. In other cases, however, the mutations
were evidently on the plasmid (see below), because second-
ary transformants by these plasmids were Mel ™.

Analysis of plasmids isolated from these Mel™ transfor-
mants showed that rearrangements had occurred in many of
them. Of 11 Mel~ plasmids analyzed, 3 had 1.0- to 1.8-kb
deletions including part of melC, 2 showed no apparent
changes in size, and 6 contained a 5.4-kb insert.

Insertional mutations by a new transposable element,
Tn4811. Digestion of the six plasmids with a 5.4-kb insert
with Bcll produced the same seven fragments (not shown).
Four of the restriction sites were on plJ702 (24), and the
other three must be on the insert. It thus appeared that either
the insert had integrated at approximately the same position
on these six plasmids or these plasmids were of the same
origin. One of them, pLUS729 (Fig. 1), was chosen for
further characterization. Restriction mapping of pLUS729
showed that the insertion was between the SszI and Sall sites
within the melC2 (tyrosinase) gene.

The size and restriction map of the inserted sequence were
identical to a mobile DNA element in a preliminary report by
Tanaka et al. (36, 38). This element was originally designated
IS456, but because of the complexity of its genetic content,
we (Tanaka’s and our laboratories) now regard it a type II
transposon (see below) and have renamed it Tn4811.

Determination of nucleotide sequence of Tn4811. The copy
of Tn4811 on pLUS729 was subcloned into 25 phagemids
and sequenced in both directions by using synthetic oligo-
nucleotide primers. The Tn4811 sequence was determined
by comparison of the compiled sequence with the melC
sequence. Between the putative duplicated target se-
quences, TGA (see below), the total length of Tn4811 is
5,396 bp (Fig. 2). The average G+C content is 68%. There is
an imperfect inverted terminal repeat (a match of 9 of 11 bp).

Codon preference analysis (16; data not shown), based on
the preference for G/C in the third position of codons by
typical Streptomyces genes (5), revealed five putative coding
sequences, open reading frame 1 (ORF1) to ORFS5. Predic-
tion with the TESTCODE algorithm (14; data not shown)
also identified the same regions as coding sequences. The
sizes of the proteins encoded by ORF1 to ORF5 were 336,
138, 320, 297, and 304 amino acids, respectively.

ORF4 and ORFS as a putative accessory unit. The protein
data bases were searched for sequences similar to the
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FIG. 1. Restriction map of pLUS729. The melCl1 and melC2
sequences are indicated by the thick solid arrows, and the zsr gene
is indicated by the thin solid arrow. Tn4811 is indicated by the gray
double-headed arrow. The two sequenced restriction fragments that
contain the insertion junctions are indicated by the two outermost
arcs. Abbreviations for restriction enzymes: Ba, BamH]I; Sa, Sall;
Bc, Bcll; Cl, Clal; Pv, Pvull; Ss, Sstl; Ps, Pstl; Sp, Sphl; Ec,
EcoRlI; Kp, Kpnl; Bg, Bglll.

potential protein products encoded by the five ORFs. Only
the ORF4 and ORFS5 products found significantly similar
protein sequences. The ORF4 product is similar to a group of
oxidoreductases (Fig. 3), including the protochlorophyllide
reductase (Pcr) of barley (33), the glucose dehydrogenase of
Bacillus megaterium (19), the ribitol dehydrogenase of Kleb-
siella aerogenes (28), and the NodG protein of Rhizobium
meliloti (which is homologous to B-ketoacyl reductase [34]).
The similarity among these oxidoreductases was stronger at
the N termini. The ORF4 product was most similar to Pcr,
with an identity of 35% and a similarity of 48% (Fig. 3).
Although the putative ORF4 product is likely also an oxido-
reductase, its function is not clear.

The ORFS5 product is similar to a group of bacterial
transcription regulators of the AraC (arabinose operon reg-
ulator) family. Figure 4 shows an optimized alignment of the
OREF5 product with five members of the AraC family. AraC
of Erwinia carotovora exhibited the highest homology with
the ORF5 product (26% identity and 50% similarity). Along
the polypeptide sequences the strongest similarity lies in the
C termini that contain potential helix-turn-helix DNA-bind-
ing domains (17), also seen in the ORFS5 product.

The divergently oriented ORF4 and ORF5 are separated
by 188 bp of relatively low G+C content. This region is
likely to contain the promoter and regulatory sequences
involved in the divergent transcription of the two putative
genes. The distances between the translation start sites in
the known divergent promoters of prokaryotes range from
103 to 611 bp (2). Beck and Warren (2) reported that in the 45
compiled regions of divergent transcription in prokaryotes,
18 were of the regulatory-structural type. With one excep-
tion (micF-ompC of E. coli), in which the regulator RNA
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2880 9 TR
TRTG PTG W6K KPKATAD 868 P 264 (GenBank Accession No. £11519)

FIG. 2. Nucleotide sequence and potential protein products of Tn4811 isolated from pLUS729. The nucleotide sequence between the
putative duplicated target sequences (TGA) is shown. The imperfect terminal inverted repeats (TIR) and the putative ribosome-binding
sequences (rbs) are boxed. The five putative coding sequences (ORF1 to ORF5) and their translation products are indicated. The asterisks
denote translation termination codons. The putative motif A of an ATP and GTP binding sequence in the ORF1 product is underlined. For
ORF4, which runs in the reverse orientation, both strands are shown.



7766 CHEN ET AL.
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FIG. 3. Similarity of the ORF4 product to oxidoreductases. The
protein product of ORF4 was aligned with the amino acid sequences
of Pcr of barley (33), nodulation protein G (NodG) of R. meliloti
(13), glucose dehydrogenase (GdhA) of B. megaterium (19), and
ribitol dehydrogenase (DekbR) of K. aerogenes (28) by using the
CLUSTAL program of PC/GENE. A K-tuple value of 1, a gap
penalty of 5, a window of 15, a filtering level of 1.5, an open gap cost
of 10, and a unit gap cost of 10 were used. The bold characters
denote homologous amino acids. Among the aligned sequences,
perfectly conserved residues are indicated by an asterisk below, and
well conserved residues are indicated by a dot. Pcr is most similar to
the ORF4 product, with an identity score of 35% and a similarity of
48% by using the GAP program of the UWGCG package (gap weight
of 3.0, length weight of 0.1, average match of 0.54, and average
mismatch of 0.396). The first 74 amino acids of Pcr is supposedly a
transit peptide (33). Pcr is shown starting from amino acid 51,
whereas the others start at amino acid 1.

directly regulates a gene located elsewhere, all the regula-
tory polypeptides act within the intergenic region. It is most
likely that the ORFS5 product also regulates the divergent
transcription of ORF4 and ORFS. The notion that ORF4 and
ORFS5 form a functional unit is supported by our finding of a
2.2-kb sequence in S. antibioticus containing highly con-
served sequences of ORF4 and ORFS5 in the same arrange-
ment (45) (see below).

ORF1 to ORF3 as possible transposition proteins. Although
no significant similarity to protein sequences in the data
bases was observed for ORF1 to ORF3, a low level of
similarity of the putative ORF1 and ORF2 products to some
DNA-binding proteins and retroviral DNA polymerases was
detected. ORF1 contained a consensus ATP/GTP-binding
motif A (43) or P-loop (31), A/G-X,-G-K-S/T, at residues 124
to 131 (Fig. 2). Proteins possessing this motif include several
bacterial helicases (such as DnaB, RecB, Rho, and UvrD),
viral proteins essential for replication (ULS of herpes sim-
plex virus, BBLF4 of Epstein-Barr virus, PS3 of human
cytomegalovirus, and the product of gene 55 of varicella-
zoster virus), and the yeast PIF protein involved in mito-
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FIG. 4. Similarity of the ORFS product to the AraC family of
transcription regulators. The CLUSTAL program of PC/GENE was
used to align the ORFS product with four proteins with the highest
similarity: the rhamnose operon transcription activators, RhaR and
RhaS, of E. coli (39), the arabinose operon regulator AraC of E.
carotovora (26), and the virulence regulon transcriptional activator
VirF of Yersinia species (12). The parameters and notations used are
as in Figure 3. The predicated helix-turn-helix (h t h) DNA-binding
domains are indicated by the overline. AraC is most similar to the
OREFS5 product, with an identity score of 26% and a similarity of 50%
by using the GAP program of the UWGCG package (gap weight of
3.0, length weight of 0.1, average match of 0.54, and average
mismatch of 0.396).

chondrial DNA recombination (21). All these proteins are
known or presumed to be involved in nucleic acid replication
and/or recombination. The ORF1 product may take part in
the replication and/or recombination process during trans-
position.

Furthermore, the predicted pIs of the ORF2 and ORF3
products were very high (10.9 and 11.2, respectively). This is
consistent with the fact that many characterized transposase
proteins are very basic (15). Thus, we tentatively suppose
that these are genes involved in transposition and its regu-
lation. The lack of homology between these ORFs and other
transposon-encoded products is not uncommon. The puta-
tive transposition-related proteins encoded by Streptomyces
transposable elements, 1S110 (7), IS117 (20), and IS493 (35),
also showed no homology to other known transposases.

Putative transcriptional and translational signals. The basic
features of Tn4811, including the distributions of restriction
sites, potential coding sequences, and G+C content, are
summarized in Fig. 5. Two distinct regions of relatively low
G+C contents were discerned: one between ORF4 and
ORFS5 (53% G+C) and the other at 170 to 60 bp upstream
from ORF1 (50% G+C). The low G+C is typical for putative
promoter-containing regions in Streptomyces species. We
propose that these regions contain the promoter sequences.

ORF3, ORF4, and ORFS5 had a putative 5-bp ribosome-
binding sequence (1, 4), GGAGG, located 4, 11, and 6 bp,
respectively, upstream from the initiation codon. ORF1 had
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FIG. 5. Overview of the organization of Tn4811. The top panel shows the unique cleavage sites for several restriction enzymes. The middle
panel shows the G+C content averaged over 50 nucleotides. The two particularly low G+C regions proposed to be promoter regions are
indicated by the gray horizontal bars. In the lower panel, solid arrows at the termini indicate the imperfect inverted repeats. The five potential
coding sequences are shown by the open arrows together with their sizes (in amino acids) and putative functions. The high pI values of ORF2

and ORF3 are indicated.

a 3-bp GGA sequence 5 bp upstream, and ORF2 had a 4-bp
GAGG sequence 9 bp upstream, as a potential ribosome-
binding sequence. The initiation codon of ORF2 was sepa-
rated by only 2 bp from the termination codon of ORF1 (Fig.

2).

Occurrence of Tn4811. The 5.0-kb KpnlI-SstI fragment that
spanned more than 90% of Tn4811 was subcloned on pBlue-
script II KS(+) to yield pLUS791 and used as a hybridiza-
tion probe in subsequent experiments. Southern hybridiza-
tion (Fig. 6) revealed a single copy of Tn4811 in the genome
of TK64, which had been genetically characterized, but not
physically proven, to be plasmidless (23). Thus, the location
of copy A4 cannot be certain. On the other hand, an additional
copy of Tn4811 was present in wild-type S. lividans 1326 and
its SLP2* derivatives (see legend to Fig. 6). We designated
the copy of Tn4811 in TK64 copy A and designated the other
copy B. Copy B appeared to cosegregate with SLP2. We
have recently isolated SLP2 DNA and confirmed the pres-
ence of Tn4811 on it (10).

The restriction and hybridization patterns of the two
copies of Tn4811 were indistinguishable. The restriction
maps of the region spanning the two copies were determined
by a series of Southern hybridization analyses (Fig. 6).
Unexpectedly, the homology between the two copies ex-
tended further from the right end of Tn4811, whereas the
sequences flanking the left ends were different. The homol-
ogy to the right extended for about 10 kb and approximately
coincides with the right end of SLP2 DNA (10).

Tn4811 in S. lividans appeared quite stable. During this
and other studies, we have never detected its movement on
the chromosome (by using the not-very-sensitive Southern
hybridization assay) or to a plasmid other than the ones
reported here. Tanaka et al., however, reported the trans-
positions of Tn4811 to plasmids (38) and the rearrangement

of Tn481I-containing sequences in ethidium bromide-in-
duced mutants of S. lividans 1326 (37).

Fifteen other Streptomyces species (Table 1) were probed
for the presence of sequences homologous to Tn4811. Only
S. antibioticus contained a sequence (less than 3.0 kb) of
significant homology (data not shown). This S. antibioticus
sequence, designated V1, is homologous to the ORF4 and
ORFS5 sequences of Tn4811 (45).

The junction sequences of three Tn4811 insertions. A
cosmid clone containing the copy B sequence was isolated
from a library of SLP2 DNA (10) by hybridization with a
Tn4811 probe. A cosmid clone containing the genomic copy
A sequence was isolated from a library of TK64 (SLP27).
Junction fragments from these two insertions were sub-
cloned in pBluescript II KS(+) (Table 2) and their nucleotide
sequences were determined. These junction sequences to-
gether with those for copy A on pLUS729 are aligned and
shown in Fig. 7.

Copy A of Tn4811 from the genomic DNA of TK64 and the
copy from pLUS729 are identical in their terminal se-
quences, which is consistent with the fact that the copy on
pLUS729 originated from the TK64 genome. Interestingly,
the putative (duplicated) target sequence (TGA) of the
insertion on TK64 genome is identical to that on pLUS729.
Copy B isolated from SLP2 DNA is 41 bp shorter from the
left terminus than copy A. Again, the right junction is flanked
by the TGA triplet.

The insertion of Tn4811 into a TGA (opal) termination
codon is not likely to affect the expression of the gene. This
potentially allows Tn4811 to transpose with a reduced prob-
ability of damaging the host and being detected by genetic
screening. In the insertional inactivation of melC on
pLUS729, the putative target was an out-of-frame TGA
triplet. If the insertion were at the (in-frame) termination
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FIG. 6. Two copies of Tn4811. (a) Genomic DNA was digested
with the restriction enzymes indicated and hybridized with the
radioactively labeled 5.0-kb Kpnl-SstI fragment from pLUS791. The
sizes of the hybridizing fragments are indicated. All the S. lividans
strains in Table 1 were tested, but only selected results are shown
here. All the SLP2™ strains gave the same hybridization pattern as
1326 (with both copies of Tn4811), whereas all the SLP2~ strains,
like TK64, had copy A only. Hybridization to the 11.0-kb Bcll
fragments was very weak but real. The hybridizing 6.6-kb Bcll
fragment in TK20 DNA was due to incomplete digestion. (b) The
restriction maps of regions spanning the two copies of Tn4811 based
on the Southern hybridization data. Tn4811 is represented by the
open bars, and the neighboring sequences are represented by the
solid lines. The probe and the fragments that hybridized (sizes in
kilobases) are indicated. Abbreviations for restriction sites are as in
the legend to Fig. 1.

codon TGA, its presence might not have been detected. In
this connection, TGA is by far the most frequently used
termination codon in Streptomyces species (42). Analyses of
more insertion sites will be necessary to determine the
precise target specificity of Tn4811.
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