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The temperate phages RP2 and RP3 of Streptomyces rimosus
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The oxytetracycline-producing Streptomyces rimosus strains R6-65 and R7 (ATCC 10970) are lysogenic for the
two narrow-host-range phages RP2 and RP3. Both phages are released at low frequency from the lysogenic strains
and form plaques on ‘cured’ S. rimosus strains. RP2 and RP3 are of similar shape with flexible tails and contain
double-stranded DNA of about 70 % G + C with cohesive ends (group B1 of bacteriophage classification). The two
phages also have identical, very slow, growth kinetics in S. rimosus, with a latent phase of about 6 h and a rise
period of about 4 h. RP2 and RP3 are heteroimmune and they differ slightly in their size of phage particles and
length of DNA (64-7 and 62-4 kb for RP2 and RP3, respectively). The restriction maps of the two phages are
completely different, and hybridization experiments showed only one short region of sequence similarity (less than
430 bp); the two phages are thus essentially unrelated. Both phages lysogenize their hosts by recombination via
defined attachment (at¢) sites. The positions of the attP sites have been localized on the restriction maps of RP2
and RP3 to restriction fragments of 800 and 300 bp, respectively. The prophages did not affect the level of

oxytetracycline production or the genetic instability of this trait.

Introduction

Streptomyces rimosus produces the commercially im-
portant antibiotic oxytetracycline. It is the genetically
best-characterized species among industrially important
Streptomyces. Chromosomal genetic maps have been
constructed for three strains: M4018, R7 (ATCC 10970)
and R6 (Friend & Hopwood, 1971; Alacevi¢ et al.,
1973). Classical genetical methods have also been applied
to analyse the genetics of oxytetracycline biosynthesis in
strains R6 and M4018 (Pigac & Alacevi¢, 1979; Rhodes
et al., 1981). In addition, genes for oxytetracycline
production and resistance have been cloned and analysed
from derivatives of strain M4018 (Butler et al., 1989;
Binnie ez al., 1989). S. rimosus strain R6 proved to be
genetically unstable, and in this strain the oxytetracycline
production and resistance genes are localized at an
unstable region of the chromosome (Cullum e? al., 1991;
Gravius et al., 1993). S. rimosus strains R6, R7 and
M4018 contain three related giant linear plasmids,
between 280 and 370 kb in size (Cullum ez al., 1991;
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B. Gravius, D. Glocker, D. Hranueli & J. Cullum,
unpublished results).

For more than 50 years it has been known that
actinophages can attack streptomycetes, but they did not
attract much attention until their undesirable inter-
ference with industrial fermentations was recognized
(Welsch, 1969). More recently, however, considerable
advances have been made in the genetic and physical
analysis of phages and their interaction with their hosts
(Lomovskaya et al., 1980). Streptomyces phages have
also been developed as DNA cloning vectors (Chater,
1986).

Interest in S. rimosus phages also arose because of
problems during industrial fermentations. Ya. I. Rauten-
stein and collaborators (Rautenstein et al, 1972)
reported several cases of lysis of S. rimosus cultures of
two lysogenic strains (560 and IK) under industrial
conditions. However, lysis was not induced by a virulent
mutant of the temperate phage but by some lytic factor
which seems to consist of at least two enzymes, a lytic
and a proteolytic enzyme (Rautenstein et al., 1975). A
narrow-host-range virulent phage RP1 has been de-
scribed that infects S. rimosus strains R6 and R7, and S.
rimosus mutants with reduced actinophage susceptibility
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Table 1. S. rimosus strains used in this study

Strain no. Genotype

Origin Reference

R7 (ATCC10970) RP2,RP3 ATCC

Alacevic et al. (1973)

R6-65 RP2, RP3  PLIVA Culture Collection This paper
R6-500 RP3 Spontaneous derivative of R6-65  This paper
R6-501 RP2, RP3  R6-500 lysogenized with RP2 This paper
R6-554 rib-12 R6-500 mutagenized by MNNG  Hranueli er al. (1986)
R6-554(RP2) rib-12, RP2  R6-554 lysogenized with RP2 This paper
R6-554(RP3) rib-12, RP3  R6-554 lysogenized with RP3 This paper

were isolated (Vesligaj et al., 1981). Strain R7 proved to
be lysogenic for a temperate phage RP2 that infects
certain R6 derivatives. The morphology and growth
kinetics of RP2 have been described (Hranueli et al.,
1979). It was shown that curing of —and subsequent
lysogenization with — RP2 did not affect oxytetracycline
production in high-producing strains (Hranueli ez al.,
1983). While performing transfection experiments with
temperate Streptomyces phages, another temperate
phage (named RP3) was discovered fortuitously.

The question arose as to whether RP2 and RP3 are
unrelated phages or variants of the same phage.
Moreover, the possible role of the phage RP3 in S.
rimosus antibiotic production (Hranueli et al., 1983), as
well as the implication of both prophages in the genetic
instability of S. rimosus (Gravius et al., 1993) should be
addressed. It is also planned to use RP2 and RP3 for the
construction of S. rimosus cosmids dependent on ir vivo
packaging (Morino et al., 1985; Kobler ez al., 1991) and
integrating phage vectors based on the use of phage
attachment sites (at¢ P site) (Kuhstoss et al., 1991 ; Rausch
& Lehmann, 1991).

In this paper, we report the properties of actinophage
RP3. The restriction maps of RP2 and RP3 were
determined, the phage attachment sites were localized
and a small region of homology between the two phages
was mapped.

Methods

Strains, media and culture conditions. Streptomyces rimosus strains
which were used throughout this study are listed in Table 1. S. lividans
66, strain TK 64 (Hopwood e? al., 1983) was used as a control strain for
the estimation of growth kinetics of ¢C31 (Lomovskaya et al., 1970)
and for the determination of G+C content of phage RP2 and RP3
DNA. The Escherichia coli strains AB1157 dam-4 (Dreiseikelmann et
al., 1979) and JM109 (Yanisch-Perron et al., 1985) were used as hosts
for plasmids pIC20H/R (Marsh et al., 1984) and pUC19 (Yanisch-
Perron et al., 1985), while the strain SURE (Greener, 1990) was used
for cosmid cloning with sCos-1 (Evans et al., 1989). All E. coli strains
were maintained in LB medium. Methods for propagation and
maintenance of S. rimosus stocks and oxytetracycline determination
were those described by Hranueli ez al. (1979) and Vesligaj et al. (1981).
The minimal agar medium (MM) (Alagevié et al., 1973), complete agar
and liquid media (CM and LM) (Hranueli ez al., 1979), liquid medium

for antibiotic biosynthesis (Vesligaj et al., 1981) and the complete pre-
cultivation liquid medium (CPM) (Pigac et al., 1982) were described
previously.

Phage techniques. Conventional methods were adapted and used for
phage propagation, purification and assay. Adsorption, one-step
growth experiments and electron microscopy were done as described by
Hranueli er al. (1979), except that an Opton EMI10A electron
microscope was used.

DNA isolation and manipulation. Total DNA from Streptomyces
strains and actinophages were isolated using methods described by
Hopwood et al. (1985). Plasmid and cosmid DNA, isolated from E.
coli, was purified when necessary by CsCl-ethidium bromide gradient
centrifugation (Sambrook et al., 1989).

Restriction endonuclease analysis and gel electrophoresis. DNA was
digested with restriction enzymes using the supplier’s recommended
conditions and subjected to horizontal agarose gel electrophoresis in
Tris/borate/EDTA buffer. The running conditions — that is the amount
of agarose in gels and applied voltage — were selected to give optimal
resolution in the molecular weight regions of interest (Sambrook ez al.,
1989).

DNA labelling and Southern hybridization. Southern blotting was
carried out in alkaline conditions using Hy-Bond-N membrane
(Amersham) as described by Sambrook et al. (1989). DNA probes were
labelled with digoxigenin using a random priming nucleic acid detection
kit (Boehringer Mannheim). Hybridization and detection of bands,
using a phosphatase kit (Boehringer Mannheim), were carried out
under the conditions recommended by the supplier.

Estimation of molecular sizes. Standards were provided by the phage
AcI857Sam7 and phage P22 DNA digested with HindIll, HindIII/
EcoRI and EcoRl, respectively, and by the 1 kb DNA ladder (Gibco-
BRL). The reciprocals of the electrophoretic mobilities of the standards
from 2 to 15 kb gave straight lines when plotted against molecular size.
However, the fragment sizes, based on analysis of banding patterns on
agarose gels, are subject to errors of up to 5% with fragments of 2 to
15 kb, and higher errors for smaller or larger fragments. Therefore, the
fragment sizes in parentheses (see Fig. 3) were determined indirectly by
adding sizes from the double digests or by cloning and subsequent
restriction-mapping of particular fragments.

Construction and screening of the cosmid gene bank. The cosmid gene
bank of S. rimosus R6-501 was constructed in E. coli SURE using the
vector sCos-1. Sau3 A partial digests of S. rimosus R6-501 chromosomal
DNA were made, while the vector arms were prepared as described by
Evans er al. (1989). After reaction with T4 DNA ligase, the ligation
mixture was packaged using commercial in vitro packaging lysates
(Gigapack Gold, Stratagene). Cloning efficiencies ranged from 1 x 10°
to 1x 10* ampicillin-resistant clones per pg of R6-501 chromosomal
DNA. The gene bank was screened for cosmid inserts containing DNA
from RP2 or RP3 prophages using DNA from RP2 or RP3 virions,
labelled with digoxigenin, as hybridization probes.
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Fig. 1. (@) Agarose-gel electrophoresis of Bg/II digests of chromosomal DNA of the S. rimosus strains hybridized with RP2 and RP3
DNA. Track 3, R6-65; track 4, R6-500; track 5, R6-554; track 7, R6-554(RP2); track 8, R6-554(RP3); track 9, R7. Tracks 1 and 2,
RP2 DNA (3000 ng) and RP2 DNA (30 ng), respectively. Tracks 10 and 11, RP3 DNA (30 ng) and RP3 DNA (3000 ng), respectively.
Track 6, A DNA digested with HindIIl. (b) Southern transfer of gel hybridized with RP2 DNA as a probe. (¢) Southern transfer of gel

hybridized with RP3 DNA as a probe.

Hybridization probes for the ends of cosmid inserts. The inserts are
flanked by T3- and T7-promoter sites in the vector (Evans et al., 1989).
End-specific RNAs were synthesized by in vitro transcription, using
bacteriophage T3 or T7 polymerase, from the DNA inserts isolated
from individual cosmid clones digested with EcoRI and Sall or Pstl.
They were labelled with digoxigenin using an RNA labelling kit
(Boehringer Mannheim) under the supplier’s recommended conditions.

Estimation of phage DNA G+ C content. Estimations of RP2 and
RP3 DNA G +C content were done in CsCl-bisbenzimide gradients
(bisbenzimide: Hoechst dye #33258, Sigma) as described by Raeder &
Broda (1988). A DNA (about 50 % G+ C; Sanger et al., 1982) was used
as a control, while DNAs from S. /ividans TK64 and S. rimosus R6-501
(Streptomyces contain about 69-75% G + C; Chater, 1980) were used
as markers.

Results

Prophages of Streptomyces rimosus

Phage RP2 was originally detected because it is released
from S. rimosus R7 (ATCC 10970) and forms turbid
plaques on S. rimosus R6 (Hranueli et al., 1979). Later
experiments showed that although the indicator strain
routinely used in the laboratory (R6-500) plated the
phage, an ancestor of the strain (R6-65) did not allow
growth of RP2 and released a phage indistinguishable
from RP2 in immunity, morphology of phage particles,
plaque morphology and growth kinetics. Southern
hybridization experiments, using labelled RP2 DNA as a
probe, showed that R7 and R6-65 had identical
hybridizing Bg/II fragments, whereas R6-500 showed no
hybridization (Fig. 1a, b). S. rimosus strains R6 and R7

have been maintained in the PLIVA laboratories for
more than 30 years. However, a new culture of R7
obtained from ATCC showed indistinguishable hybrid-
ization patterns (data not shown).

During experiments using a further derivative strain,
S. rimosus R6-554, as an indicator strain, plaques were
observed that proved to be due to release from R6-500 of
a new phage named RP3. RP3 produced turbid plaques
in a lawn of S. rimosus R6-554. Lysogens can be isolated
from such plaques which spontaneously release phage
RP3 and are immune to RP3. S. rimosus R7 also releases
a phage which is homoimmune to RP3. Southern
hybridization experiments using labelled RP3 DNA
showed identical Bg/II fragments in R6-65, R6-500 and
R7, and confirmed the absence of RP3 in R6-554 (Fig.
1a,c).

Strain R6-554 is a derivative of R6-500 and lacks both
prophages (Fig. 1). This strain was artificially lysogenized
with RP2 and RP3, respectively (Fig. 1) to demonstrate
that RP2 and RP3 were heteroimmune, i.e. RP3 is able
to form plaques on RP2 lysogens and vice versa. It was
also shown that RP2 and RP3 are both heteroimmune to
the three phages ¢C31, R4 and SH10; the first belongs to
immunity group I, while the last two belong to immunity
group IV (Lomovskaya et al., 1980).

R6-554 and its lysogenic derivatives are low producers
of the antibiotic oxytetracycline. However, work with
high producing derivatives showed that the curing of
both prophages did not affect production (data not
shown).
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Fig. 2. Electron micrograph of RP3 particles negatively stained with
potassium phosphotungstate. Bar, 100 nm.

Morphology and growth kinetics of RP3

Examination of RP3 lysates by electron microscopy
revealed tadpole-shaped particles with hexagonal heads
and long, flexible, non-contractile tails (Fig. 2). Measure-
ments of about 50 particles indicated an average head
diameter of 68-5+1-90 nm, a tail length of 216 +4-75 nm
and a tail width of 12-:0+0-75 nm. Statistical analysis
using Student’s ¢-test showed that these three dimensions
are all significantly different (at the 1 % level) from those
of RP2 (71:6+1-55 nm, 2454540 nm, 14910-75 nm)
obtained in parallel experiments.

Propagation of phage RP2 is not dependent on the
presence of divalent cations in the growth medium
(Hranueli et al., 1979). However, optimal growth of RP3
depends on the presence of both Mg?* (10 mm) and Ca**
(5 mm) ions (data not shown). Phage RP2 has an
unusually long life cycle. One-step growth experiments
give a value of 6 h for the minimum latent period,
followed by a 4 h period of increase (Hranueli et al.,
1979). The latent and rise periods of phage RP3 were
indistinguishable from those of RP2 (data not shown).
Since both RP2 and RP3 life cycles were determined
using mycelial fragments of S. rimosus R6-500 or its
mutant R6-554, the question arose whether long life
cycles are the result of phage properties or of some

feature(s) of their host. To answer this question experi-
ments were performed in which the broad-host-range
phage #C31 (Lomovskaya et al., 1970) was grown using
both S. rimosus R6-554 and S. lividans TK64 as hosts.
No differences were observed between the two hosts in
latent and rise periods of ¢C31 (data not shown), which
corresponded to published values using S. coelicolor
A3(2) (Novikova et al., 1973). This showed that the long
phage life cycles of RP2 and RP3 are not an automatic
consequence of growth on S. rimosus.

The host-range of phage RP2 is narrow, restricted to
S. rimosus strain R6 (Hranueli et al., 1979). Examination
of RP3 lysates, using more than 20 Streptomyces species,
showed that phage RP3 had an identical narrow host-
range (data not shown).

Characterization of phage DNA

DNA was prepared from both phages and subjected to
CsCl-bisbenzimide gradient centrifugation to estimate
G + C content (Raeder & Broda, 1988), with DNA from
phage A (about 50% G+ C; Sanger et al., 1982) in each
tube as a control (data not shown). The DNA from both
phages banded lower than the A DNA, showing that it
has a higher G+ C content. The positions of the bands
for each phage were comparable to the positions of DNA
of S. lividans TK64 and S. rimosus R6-501, which were
centrifuged in parallel tubes. We estimated the G+C
contents of the two phages as 70% (RP2) and 69 %
(RP3), assuming that S. lividans TK64 total DNA was
72% G+C. The gradient method should reveal dif-
ferences in G+ C content greater than 3 %.

Restriction maps were constructed for each phage
genome using five different restriction enzymes. Analysis
of single, partial and double digests allowed the
alignment of fragments and the estimation of the size of
the entire RP2 and RP3 DNA (Fig. 3).

DNA from phages RP2 and RP3 showed completely
different restriction patterns. The sizes of the phage
genomes were estimated as 64-7 kb (for RP2) and 62-4 kb
(for RP3) (Fig. 3). In restriction digests, association of
the end fragments was seen for both RP2 and RP3,
indicating the presence of cohesive ends (data not
shown).

Localization of phage attachment sites

A cosmid gene bank of more than 8000 clones of R6-501
was constructed in the vector sCos-1 (Evans et al., 1989).
RP2 DNA was used as a hybridization probe to isolate
cosmid clones carrying prophage sequences. Eight
positive clones were isolated from 925 colonies tested.
Comparison of EcoRI digests of the cosmid clones with
the phage restriction map allowed ordering of the clones
into a series of overlapping cosmids covering the whole
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Fig. 3. Restriction maps of RP2 (a) and RP3 (b) DNA. Numbers are used to identify particular sites, and letters are abbreviations for
restriction enzyme target sites as follows: B, Bg/lI; C, Clal; El, EcoRI; EV, EcoRV; H, HindIIl. In the middle part of the diagrams,
letters are designations of restriction fragments and numbers are their sizes in kb (numbers in parentheses were determined indirectly;

see Methods).

prophage. The ordering was confirmed by labelling
sequences at the end of each insert with digoxigen in
using T3 or T7 polymerase (promoters flank the insert)
and hybridizing against the cosmid clones and the phage
DNA. This also allowed identification of four clones
containing the hybrid attachment sites (a¢zL and attR) at
each end of the prophage. This shows that the atP site
must be in the EcoRI-A fragment of RP2 (data not
shown) (see Fig. 3).

Similarly, using RP3 DNA, eight positive clones were
isolated from the cosmid gene bank. Analysis with
EcoRI showed that six of these clones contained hybrid
attL and attR sites and localized the attP site to the
EcoRI-A fragment of RP3 (data not shown) (see Fig. 3).

For more detailed localization of the attP regions of
both phages, a series of Southern blot analyses were
carried out. The phage DNA and the total genomic
DNA of the S. rimosus strain, lysogenized with the
corresponding phage, were digested by the same re-
striction enzyme, separated on a gel, blotted and
hybridized against labelled phage DNA. The aztP site of
RP2 could be localized to a 5 kb Poull fragment (data
not shown), which was cloned into pIC20H (pKGl11)
and a restriction map was constructed for the enzymes
BamH]1, Kpnll, Pstl and Sall. The 5 kb Pvull fragment
was used as a hybridization probe against total DNA of
R6-554 (RP2) digested with Prull. The results (Fig.
4a, b, lanes 2 and 3) confirmed that the aqztP site was
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Fig. 4. RP2 and RP3 restriction fragments carrying attP sites. Arrows
with numbers indicate phage DNA fragments that contain at!P sites.
(a) Agarose-gel electrophoresis of Prull digests of RP2 DNA (4000 ng)
(track 1), RP2 DNA (40 ng) (track 2), chromosomal DNA of the S.
rimosus strains R6-554(RP2) (track 3) and R6-554 (track 4), and of
HindllI digests of chromosomal DNA of the S. rimosus strains R6-554
(track 6) and R6-554(RP3) (track 7), RP3 DNA (10 ng) (track 8) and
RP3 DNA (1000 ng) (track 9). Track 5, A DNA digested with HindIII.
(b) Southern transfer of tracks 2-4 hybridized with RP2 DNA 5 kb
Poull fragment as a probe. (¢) Southern transfer of tracks 6-8
hybridized with RP3 DNA 7-5 kb HindIII-C fragment as a probe.
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Fig. 5. Localization of the a#tP sites of RP2 and RP3. The parts of the
restriction maps of RP2 (@) and RP3 (b) are in the same orientation as
the complete maps shown in Fig. 3. The 5 kb Poull fragment of RP2 is
located between coordinates 28-8 and 33-8, internal to the EcoRI-A
fragment of RP2. The bold lines indicate the restriction fragments
containing the artP sites.

indeed located on this fragment. Experiments using
BamHI, Pstl and Sall (data not shown) localized the
attP site to a 800 bp BamHI-Poull subfragment as
shown in Fig. 5(a). The EcoRI-A fragment was cloned
into pUC19 (pAZ24) and a restriction map constructed
for Kpnl and Pvull (data not shown), which localized the

i 5.7kb
s _——

2-7kb

Fig. 6. (a) Agarose-gel electrophoresis of single and double digests of
RP2 DNA. Arrows with numbers indicate the smallest RP2 and RP3
DNA fragments that show DNA homology. Track 3, Clal; track 4,
Clal/EcoRV; track 5, Clal/EcoRI; track 6, EcoR1/EcoRV. Tracks 1
and 2, RP3 DNA (2000 ng) and RP3 DNA (20 ng) digested with Clal,
respectively. Track 7, A DNA digested with HindIIL. (b) Southern
transfer of gel hybridized with RP3 Clal-D fragment, isolated from
pKG18, as a probe.

5 kb Poull (attP) fragment to the coordinates 28-8-33-8
(Fig. 3a).

Analogous experiments localized the attP site of RP3.
Southern transfers of HindIIl digests of R6-554(RP3)
were hybridized with labelled RP3 DNA. This showed
that integration had occurred within the 7-5 kb HindIII-
C fragment (data not shown). This fragment was cloned
into pIC20R (pK G1) and subjected to restriction analysis
with Clal, PstI and Sall. However, when the 7-5kb
HindIII fragment was used as a probe, only one new
hybridization signal could be seen (Fig. 44, ¢, lanes 7 and
8). This is most likely due to the large size of both new
fragments appearing in the DNA of R6-554(RP2), which
would not be resolved in the gel system used. Further
Southern hybridization experiments localized the artP
site to a 300 bp Clal-Sall subfragment as shown in
Fig. 5(b).

Homology between RP2 and RP3

Southern hybridization experiments to check the lyso-
genic status of strains suggested that there was DNA
homology between the largest Bg/lI fragments of RP2
and RP3. However, when hybridizations were carried
out using total phage DNA, only weak hybridization was
observed between the two phages. On the other hand, no
hybridization of RP2 and RP3 DNA was seen with total
DNA of ¢C31 and SH10 (data not shown).



Localization of possible homology between RP2 and
RP3 DNA was difficult because of the size of the
fragments concerned. Therefore, appropriate isolated
restriction fragments were used as hybridization probes
against single and double digests of the other phage. This
showed that the homologous region in RP3 was within
the Clal-D fragment and this 5-7 kb fragment was cloned
in pIC20R (pKGI18). Fig. 6 shows the results of
hybridizing restriction digests of RP2 DNA with the
Clal-D fragment of RP3 as a probe. It can be seen that
the weak cross-homology is confined to a 2-7kb
EcoRI-EcoRYV fragment of RP2 (see also the restriction
map in Fig. 3). This 2:7 kb fragment was cloned in
pIC20R (pHR121). Further experiments localized the
homology region in RP2 to a 430 bp Smal subfragment
near the right-hand end of this 2-7 kb fragment and in
RP3 to a 800 bp Clal-Sall subfragment at the left-hand
end of the Clal-D fragment (data not shown).

Discussion

The results presented in this paper show that both S.
rimosus R6-65 and R7 (ATCC 10970) are lysogenic for
the two heteroimmune, narrow-host-range prophages
RP2 and RP3 (Fig. 1). Strains R6 and R7 had been
maintained in the PLIVA laboratories for a very long
time before the phages were identified. The question
arose as to whether these two strains were lysogenic as
original isolates, or whether fortuitous lysogenization
has resulted during the long-term maintenance of strains
in the same laboratory. Experiments using a culture of
R7 newly obtained from ATCC are in favour of the
genuine lysogenic nature of S, rimosus R7. This is further
supported by the observation of Voeykova et al., (1988)
who reported the presence of phage-like particles during
electron microscope studies of S. rimosus ATCC 10970
cultures. However, the nature of these particles is not
completely clear as they probably did not have suitable
cured host strains for phage propagation. Since the
original isolate of the strain R6 is no longer available, the
fortuitous lysogenization of the S. rimosus R6 by the
temperate actinophages RP2 and RP3 from S. rimosus
R7 cannot be excluded.

The tadpole-shaped morphology (Fig. 2; Hranueli et
al., 1979) and double-stranded DNA content of RP2 and
RP3 particles placed them in group Bl of the bac-
teriophage taxonomic classification (Ackermann &
DuBow, 1987). Small but significant differences in size of
the phage particles between RP2 and RP3 were seen.
Although the latent periods of actinophage—
actinomycete systems are usually very long (typically
about 1 h), RP2 and RP3 — with their 6 h latent periods
—are the slowest multiplying actinophages so far de-
scribed (Lomovskaya et al., 1980). This was not due to
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the S. rimosus host strain alone, as the broad-host-range
phage #C31 showed normal growth kinetics on S.
rimosus.

The two phage genomes have different restriction
patterns, but are of comparable size (64-7 kb and 62-4 kb
for RP2 and RP3, respectively) (Fig. 3), and have a
similar high G+ C content (about 70 %). Both phages
have cohesive ends implying site-specific staggered
cutting of concatemeric DNA probably resulting from
‘rolling circle’ replication (Chater, 1980), but there is
little homology between them. Therefore, actinophages
RP2 and RP3 are essentially unrelated phages. Taken
together these properties make them ideal high G+C
content DNA markers when using pulsed-field electro-
phoresis to map G + C-rich DNA (B. Gravius, J. Cullum
& D. Hranueli, unpublished results).

Both RP2 and RP3 lysogenize by recombination at an
att site (Fig. 3) and the positions of the phage artP sites
were determined to within 800 bp and 300 bp, respect-
ively (see Fig. 5a, b). The sequences of the artP sites will
be determined, and the construction of integrating
vectors, analogous to those constructed with ¢C31
(Kuhstoss et al., 1991; Rausch & Lehmann, 1991), is in
progress. The availability of several independent inte-
grating vectors for S. rimosus would be very advan-
tageous for complementation studies. Furthermore, since
genes coding the biosynthesis of oxytetracycline in S.
rimosus R6 are located in an unstable region of the
chromosome (Gravius et al., 1993), such vectors will be
used to reintroduce useful genes into more stable regions.

With the help of the phage restriction maps (Fig. 3), it
will be possible to clone the cos sites, sequence them and
to construct cosmid vectors analogous to those for R4
and ¢C31 (Morino ef al., 1985; Kobler et al., 1991).

Although RP2 and RP3 do not show extensive
homology (see restriction maps, Fig. 3 and Fig. 6), it was
possible to localize a specific homologous region to
restriction fragments of 430 bp and 800 bp, respectively.
In both phages, the homology lies near the attachment
site and it is hoped that DNA sequencing will indicate
whether a conserved function is present.

RP2 and RP3 were only detected because the extensive
genetic investigations with S. rimosus led to the fortuitous
generation of cured strains. It is likely that lysogens
occur in many other strains but have not been detected,
and the presence of further prophages in S. rimosus
cannot be ruled out. Further studies on the biology of
RP2 and RP3 will not only be useful for the genetic
manipulation of S. rimosus, but will form a model system
for a more general understanding of the role of prophages
in Streptomyces.
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