N

N

A chromosomal hotspot for multiple rearrangements
associated with genetic instability of Streptomyces
ambofaciens DSM 40697
Philippe Demuyter, Dominique Schneider, Pierre Leblond, Jean-Marc

Simonet, Bernard Decaris

» To cite this version:

Philippe Demuyter, Dominique Schneider, Pierre Leblond, Jean-Marc Simonet, Bernard Decaris.
A chromosomal hotspot for multiple rearrangements associated with genetic instability of Strep-
tomyces ambofaciens DSM 40697. Journal of general microbiology, 1991, 137 (3), pp.491 - 499.
10.1099/00221287-137-3-491 . hal-01658584

HAL Id: hal-01658584
https://hal.univ-lorraine.fr /hal-01658584
Submitted on 7 Dec 2017

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.univ-lorraine.fr/hal-01658584
https://hal.archives-ouvertes.fr

Journal of General Microbiology (1991), 137, 491-499. Printed in Great Britain 491
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Genetic instability in Streptomyces ambofaciens DSM 40697 involves genomic rearrangements such as
amplifications and deletions of particular DNA sequences. Most amplifications were located in two amplifiable
regions, one of which, called AUDG6 (amplifiable unit of DNA no. 6) was revealed to be a rearrangement hotspot.
Indeed, 309 of the mutant strains studied had amplifications, deletions or both at the AUDG6 locus. This locus
contains several reiterations which are specific to this AUD. Moreover, one of the endpoints of the AUD6 shows
homology with an internal sequence. Deletions occurred exclusively at one side of the amplified DNA sequence
(ADS) and removed part of the proximal copy of this ADS, leading to the conclusion that multiple rearrangements

can occur at this AUD locus.

Introduction

Streptomycetes often exhibit a high degree of genetic
instability and many characters have been reported to be
unstable (for reviews, see Hiitter & Eckhardt, 1988;
Leblond et al., 1990a; Birch et al., 1990). In Streptomyces
ambofaciens DSM 40697, a basic genetic instability
produces pigment-defective (Pig~) colonies at a fre-
quency of about 19,. A second aspect of this genetic
instability, called hypervariability, has been character-
ized: 87% of the Pig~ colonies generated by the basic
genetic instability lead to a phenotypically heterogen-
eous progeny without a preponderant phenotype (Le-
blond et al., 1989). All the strains studied here, which
were isolated among a phenotypically heterogeneous
progeny, were called ‘hypervariability-derived’ strains.

Genetic instability could be due to plasmid loss (Usdin
et al., 1985) or chromosomal rearrangements by forma-
tion of large deletions including the unstable gene (for
a review, see Hiitter & Eckhardt, 1988).

Highly amplified DNA sequences (ADSs) have been
detected within the DNA isolated from mutants of many
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Abbreviations: ADS, amplified DNA sequence; AUD, amplifiable
unit of DNA; IHS, internal homologous sequence; Pig~, pigment-
defective; WT, wild-type.
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Streptomyces species (for a review, see Cullum et al.,
1986). These amplifications appeared either spontan-
eously (Schrempf, 1983; Altenbuchner & Cullum, 1984,
1985) or after various treatments (Robinson et al., 1981 ;
Hasegawa et al., 1985). In S. ambofaciens DSM 40697,
several ADSs which were isolated from ‘hypervariabi-
lity-derived’ strains have already been described (De-
muyter et al., 1988; Leblond et al, 1989). DNA
amplifications are frequently associated with large
deletions found immediately adjacent or in close proxim-
ity to the ADS (Hasegawa et al., 1985; Birch et al., 1989).
Altenbuchner & Cullum (1984, 1985) showed that
chloramphenicol-sensitive mutant strains of Strepto-
myces lividans were extremely unstable : in their progeny,
spontaneous arginine auxotrophs (Arg~) appeared at a
frequency of about 25%,. The Arg~ strains showed the
amplification of a particular 5-7 kb chromosomal frag-
ment and a deletion at one side of the amplifiable region.
In different Streptomyces species, the extent and the
localization of chromosomal deletions are quite differ-
ent. In Streptomyces glaucescens, the deletions were
found to extend to over 800 kb without affecting the
growth (Birch et al., 1989). In Streptomyces coelicolor,
silent chromosomal arcs exist where very few markers
were localized (Chater & Hopwood, 1984). These arcs
might contain large stretches of ‘dispensable’ DNA. In
bacteria other than Streptomyces (for example, Escheri-
chia coli and Bacillus subtilis), it has been shown that the



492 P. Demuyter and others

frequency of deletion formation on plasmids is increased
by the presence of palindromic sequences or direct
repeats (DasGupta et al., 1987; Peeters et al., 1988). The
same phenomenon could exist at the chromosome level
so that the deletion formation could then be explained by
intramolecular recombination.

In S. ambofaciens DSM 40697, two amplifiable regions
have been characterized. One of these regions, the
AUD6 (amplifiable unit of DNA no. 6) locus, is
described in this work. The lineages of different mutant
strains were analysed for the rearrangements found at
the AUDG locus. This region seems to be a rearrange-
ment hotspot. These rearrangements could proceed
through several steps.

Methods

Bacterial strains and plasmid. S. ambofaciens DSM 40697 (Hiitter,
1967) was used as the wild-type (WT) strain; it was obtained from the
Deutsche Sammlung von Mikroorganismen. Amplified mutant strains
spontaneously isolated from the WT strain are listed in Table 1.

E. coli IM109 (Yanisch-Perron ez al,, 1985) and the plasmid
pBluescriptKS (Short er al., 1988) were the host and vector for cloning.

Media and culture conditions. Streptomyces strains were grown at
37°C on plates of Hickey Tresner (HT) medium (Pridham et al.,
1956/57) for mutant isolation and spore production. Large-scale DNA
isolation was carried out after growth for 48 h at 37 °C in YEME liquid
medium (Hopwood et al., 1985) supplemented with glycine (0-25%).
Small-scale DNA isolations were performed after growth for 24 h at
37°C in HT liquid medium supplemented with glycine (0-25%).

E. coli strains were grown at 37 °C in LB liquid medium (Maniatis et
al., 1982).

Isolation of total DN A and restriction analyses. DNA extraction and
purification were performed according to Demuyter et al. (1988).
Restriction enzymes were purchased from Boerhinger Mannheim and
used according to the manufacturer’s recommendations. DNA frag-
ments were electrophoresed on 0-8%, agarose gels according to Maniatis

Table 1. Strains with amplified DNA used in this work

Type of

train Origin amplification  Deletion*
NSA6 Hypervariable lineage ADS6 A2
NSA60 Hypervariable lineage ADS60 ND
NSAI101 Hypervariable lineage ADSI101 A2
NSA102 Hypervariable lineage ADS102 +
NSA631 Derived from NSA6 ADS6 ND
NSA641 Derived from NSA6 ADS6 ND
NSA641,, Derived from NSA641 ADS6 ND

NSA641,

* A2 represents a deletion which removes a part of the proximal
copy of the corresponding ADS without affecting the 12 kb BamHI
fragment (Fig. 2). For strain NSA102, + indicates the presence of a
deletion at the left side of the ADS, but we were not able to localize the
right endpoint of this deletion precisely.

ND, Not determined.

et al. (1982). Bacteriophage 1 DNA digested with HindIII was used as
size standard (Daniels e al., 1983).

Cloning of DNA fragments. The 29 kb BamHI joint-segment
generated by tandem reiteration of AUD6 was isolated from total
DNA of NSA6. This fragment was cloned and used as probe S1 (Fig.
1). The left part of S1 in the WT AUD®6 was called S1, and the right
part Slg. The 3-1 kb BamHI left flanking fragment of AUD6 was
cloned from total DNA of NSA60 and used as probe S2.

The probes S3 and S4, which correspond to the 3-5 kb and 1:9 kb
BamHI fragments, respectively, of AUD®6, were recovered by elution
from the total DNA of strain NSA6. To verify that these two probes
were not contaminated with fragments of the same size, controls
similar to those described by Demuyter et al. (1988) were done.

32P labelling of DNA, Southern blotting and hybridizations. DNA
probes were 32P-labelled (Amersham) according to Feinberg &
Vogelstein (1983) using the Multiprime DNA labelling system kit
(Amersham) or a nick-translation kit (Amersham). The labelling was
carried out either with purified DNA or directly in the agarose matrix.

For hybridization experiments, Southern blottings (Southern, 1975)
were done by the capillary transfer method with the Vacugene system
(LKB) onto Hybond-N membranes (Amersham). The DNA was
depurinated with 0-25 M-HCI for 30 min before denaturation (in 1-5 M-
NacCl, 0-5M-NaOH for 1 h) and neutralization (in 1-5 M-Tris/HCI,
1-5 M-NaCl for 30 min), and vacuum-transferred with 20 x SSC (1 x
SSC is 015 M-sodium chloride, 0-015 M-sodium citrate) for 90 min.
Prehybridization, hybridization and washing conditions were as
described by Demuyter et al. (1988).

Results

Structure of the AUDG region

Restriction patterns of amplified DNA extracted from
mutant strains isolated from hypervariable lineages
allowed us to map eight new overlapping amplifiable
sequences with respect to the three AUDs previously
described by Demuyter ez al. (1988) (Fig. 1). Two of these
AUDs, AUDI102 and AUDA420, were indistinguishable
by the methods used (restriction analyses and hybridiza-
tion experiments). Apart from this case, all the sequences
were different in length. A twelfth amplification (ADS7)
was recovered, but it may not be independent of the
others since it was derived from the ADS6-containing
strain. Nothing in the map revealed the presence of long
direct repeats. This was confirmed by hybridization for
ADS6. This family of amplifications defines the AUD6
region.

In order to detect rearrangements other than amplifi-
cations of the AUDG6 locus in various mutant strains
1solated from stable and hypervariable lineages, South-
ern blots of BamHI digests of total DNA from the WT
and strain NSA6 were hybridized with the S1 probe. The
hybridization pattern of WT DNA (Fig. 24, lane 1)
revealed three bands: 15 kb, 12 kb and 3-1 kb. According
to the restriction map of the AUDG region, the 15 kb and
3-1 kb fragments were the flanking sequences of AUD®6.
S1 was used on 31 restriction patterns of independently
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Fig. 1. Map of the AUD® locus of S. ambofaciens DSM 40697. The eleven independent AUDs belonging to the AUD6 family are shown.
AUD?7 contains an internal deletion of the WT AUD (symbolized by dotted lines) and is derived from strain NSA6. The following
restriction enzymes were used : BamHI (1), Pvull (®) and Xhol (A). The following symbols are used for the probe fragments: KNI, Si;
M, s2; 3, 1HS,["1. $3; BN, S4. S1 is divided into Sl and S1 for the right and the left part of S1, respectively. IHS is a DNA
region which shows homology to S1;. The vertical dotted lines show alignment with respect to probe fragments.
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Fig. 2. (@) Hybridization patterns of the total DNA of the WT strain and of various mutant strains digested with BamHI. The probe used
was the cloned endpoints of the ADS6 (S1). Lane 1, WT; lane 2, amplified strain NSA6; lane 3, pattern of the strains without detectable
rearrangement in the AUD6 region (A0); lanes 4 to 8, patterns which correspond to partial deletions of the AUDG6 (Al to AS); lane 9,
pattern which corresponds to a total deletion of the AUD6 (A6). (b) BamHI (lanes 10 and 11) and Xhol (lanes 12 and 13) hybridization
patterns of the total DNA of the WT strain (lanes 11 and 13) and of strain NSA6 (lanes 10 and 12). The probe used was S2 which was
cloned. A greater amount of DNA and a longer exposure for the WT and mutant strains explain why a single-copy signal in the WT and
mutant strains (lanes 1, 4, 5, and 6) is more intense than a single-copy signal in NSA6 (fragment of 15 kb, lane 2).
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Fig. 3. Rearrangements in the AUD6 region. Al to A6 are the different observed deletions. The vertical dotted lines delimit areas with
respect to the locations which defined the kind of deletion. The black lines over the WT map represent the sequences which are not
deleted. The white boxes are the sequences which are deleted in the different mutant strains. The right endpoint of the deletion is
localized in each case within a fragment delimited by the vertical dotted lines but the precise endpoint cannot be more accurately
localized. For A0, no deletion is detectable. The BamHI restriction sites ([J) are shown. The extent of AUD6 and the location of S1
(ENY) and IHS ([J) are also indicated. The number of clones showing rearrangements in the AUD®6 region for different mutant strains
(A, B and C strains) are shown to the right of the figure. The A strains were derived from phenotypically stable lineages. The B strains
were isolated from hypervariable lineages, which present a stabilized phenotype and which are not amplified. The C strains were
isolated from hypervariable lineages carrying amplifications. The 29 C strains studied contain ADSs not located in the AUD6 region
and were chosen among the 48 amplified strains recovered in the laboratory. The A5 rearrangement is another potential deletion event

which was encountered in another experiment.

isolated WT colonies derived from DSM 40697 and the
same banding pattern was always observed. The 12 kb
BamHI fragment was detected as a single copy in the
unamplified strains and as multiple copies in strains
carrying ADS6. Thus, this fragment belonged to the
AUDSG6. The fact that S1 hybridized with the 12 kb
BamHI fragment demonstrated the presence of a
sequence homologous to the probe in this fragment.
Hybridization of the S1 probe with various digests of the
WT DNA confirmed the existence of this internal
homologous sequence (IHS) of less than 1 kb localized
within the 12 kb BamHI fragment (Fig. 1). To determine
whether the THS was homologous to S1, or to Slg, S2 was
used as a probe. BamHI and Xhol WT hybridization
patterns (Fig. 2b, lanes 11 and 13) revealed only a 3-1 kb
BamHI band and a 86 kb Xhol band which both
originate from the left side of the AUD®6 locus. No signal
corresponding to the IHS was detected showing that it
was homologous only to the right extremity of the
AUDSG.

Deletions in the AUDG6 region

Genomic rearrangements in the AUD6 region were
investigated in 96 mutant strains independently isolated
from different mutational events. Thirty mutant strains
were derived from phenotypically stable lineages (A
strains). The 66 other strains were isolated from
hypervariable lineages (Leblond et al.,, 1989) and
presented a stabilized phenotype. Thirty-seven of these
66 strains were unamplified (B strains) and 29 presented
various amplifications (C strains). Mutant clones were
analysed after two successive rounds of subcloning. The
A and B strains were unamplified mutant strains. A
strains were Pig~ mutants generated by the basic genetic
instability and which presented a stable phenotype. B
strains derived from the 879, of Pig~ colonies which
presented a phenotypic heterogeneity in their progeny
(hypervariable lineages) (Leblond et al., 1989). C strains
derived from hypervariable lineages and are amplified
strains (carrying amplifications localized in a locus
distinct from AUD®).
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Fig. 4. Hybridization patterns using the S4 probe which is the 1-9 kb
BamHI fragment of ADS6. The total DNA of the WT strain (lanes 1
and 3) and of strain NSAG6 (lanes 2 and 4) was digested with BamHI1 (a)
and Pvull (b). The BamHI patterns revealed a strong hybridization
with a 19 kb fragment (which corresponds to the probe) and with four
other fragments whose sizes corresponded to those of the AUD6
region. The same result was obtained with the Pyull patterns.

Southern blots of BamHI digests of total DNA from
mutant clones were probed with the S1 probe. The
majority of the unamplified mutant strains [40/(30 A
strains + 37 B strains)] (Fig. 3) were unaltered in the
AUD®G region (Fig. 24, lane 3). Six different hybridiza-
tion patterns were revealed in 16/30 A strains and in
11/37 B strains (Fig. 3). A seventh potential pattern may
exist (called A5) but was found in another experiment
described in the last section of Results. Some or all of the
bands of the characteristic WT BamHI pattern (15 kb, 12
kb, 3-1 kb) were missing in altered patterns (Fig. 2a).
These differences can be explained by partial (Al to A5)
or complete (A6) deletions of the AUD6. A partial
deletion of the AUDG6 generated a fragment which can
hybridize with S1 according to the localization of the
right endpoint of the deletion (Fig. 2a, lanes 4 and 6).
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This endpoint could also be located between the 3-1 kb
and 12 kb length fragments (A2) or inside the 12 kb
fragment between the IHS and the 0-6 kb sequences (A4)
(Fig. 2a, lanes 5 and 7).

All the left-hand deletion endpoints were outside the
AUDSG region and therefore we assumed that a deletion
polarity exists. For example, no strain was deleted for
S1g without deletion of the 12 kb BamHI fragment.
These observations could result from a selection imposed
by the presence of an essential gene to the right of the
AUD. The deletion of the entire AUD (A6) would not
affect this essential gene. Nevertheless, the deletions
could be initiated through particular structures or
sequences lying within the left region of the AUD. The
frequencies of different classes of rearrangements were
not significantly different in the stable clones (A strains)
and in the unamplified hypervariable clones (B strains)
(Fig. 3).

Hybridization patterns of 29 different strains carrying
amplifications not originating from the AUD6 region
revealed no rearrangement in the AUDG6 locus.

The rearrangements were also studied in three strains
carrying amplifications localized in the AUD®6 locus:
ADSs 6, 101 and 102. In the ADS6 DNA, two faint
bands of 15 kb and 3-1 kb and two heavy bands of 12 kb
and 29 kb were the expected signals in a BamHI
hybridization pattern (Fig. 1). However, the 3-1 kb
fragment of the left flanking sequence of the ADS6 was
absent or masked by the heavy spot of the 29 kb
reiterated fragment (Fig. 2a, lane 2). The flanking
sequence was investigated in NSA6 using S2 as a probe
(Fig. 1) and hybridized with Southern blots of BamHI
and Xhol digests of total DNA from strain NSA6 (Fig.
2b,lanes 10 and 12). The expected band corresponding to
the same flanking sequence, which is a 86 kb Xhol
fragment, disappeared in the Xhol pattern of the NSA6
strain. Moreover, no band other than the 25 kb fragment,
which corresponded to the ADS, was present. The same
result was observed for the BamHI pattern of the NSA6
strain, which presented only the 29 kb reiterated
fragment. The amplification of ADS6 was associated
with a deletion which could be localized at the left side of
the AUD and which could remove a part of the proximal
copy of the ADS, since no joint-fragment was detected in
the hybridization patterns after deletion.

A deletion could also have taken place at the left side
of the ADS101 and ADS102 since no signal was obtained
with Southern blots of BamHI and Xhol digests of total
DNA from strains NSA101 and NSA102 probed with S2
(data not shown).

In order to specify the right endpoints of the deletions
associated with the amplification in the three strains
NSA6, NSA101 and NSA102, the four probes S1, S2, S3
and S4 were used.
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Hybridizations were carried out using S4 and the total
DNA of NSA6 digested with BamHI and Puvull (Fig. 1).
In the WT strain, S4 hybridized with five BamHI
fragments (Fig. 4, lane 1) whose sizes corresponded to
those of the AUD®6 region. Similar results were obtained
with Poull (Fig. 4, lane 3). Thus, S4 showed several
homologous sequences in the AUD®6. Since no other
band was present, these homologies were not dispersed
on the genome but were specific to this locus. This probe
is therefore a useful tool for studying the rearrangements
in amplified strains. The different intensities of the
signals in Fig. 4 could be explained if the homologies of
S4 were not perfect in all the fragments.

The BamHI and Poull hybridization patterns of the
total DNA of NSA6 probed with S4 confirmed the
homologies found in the WT (Fig. 4, lanes 2 and 4). The
BamHI pattern revealed an additional 2-9 kb band. Since
this fragment cannot correspond to Sl (because SI did
not hybridize with S4), it might be a new fragment
generated by the deletion. The Puull pattern showed a
6-1 kb fragment which could constitute the new fragment
in question. These results suggested that the deletion, at
the left side of the ADS6, removed part of the proximal
copy of the ADS and that the right endpoint of this
deletion was localized in the 1-9 kb BamHI fragment.

The same experiments were carried out with NSA101
and NSA102 using S3 and S4 as probes (data not shown).
This led to the conclusion that in NSA101, a deletion
occurred at the left side of the ADS 101 and removed part
of the proximal copy of the ADS. Moreover, hybridiza-
tions with S3 confirmed the homologies found with S4
(data not shown). Hybridizations with the DN A of strain
NSA102 strain showed that the fragments corresponding
to S3 and S4 were deleted in this strain (data not shown)
and since this ADS was shorter than the other two, we
were unable to investigate whether the deletion removed
part of the proximal copy of the ADS102.

The fact that the proximal copy of an ADS was
partially deleted implies that a deletion event occurred
after the amplification process (or at least after a first
step of duplication to preserve one intact copy of the
AUD). This process could remove several copies of the
ADS. The deletion events presented the same polarity in
the amplified strains as in the unamplified strains.

Instability of the ADS6 amplification

In order to test whether an ADS was lost by successive
steps of deletion, the stability of the amplification was
studied by hybridization experiments with S1 in several
mutant clones belonging to the NSA6 lineage. Four
successive rounds of sporulation were carried out from
the amplified progenitor NSA6 and the different studied

clones were randomly isolated as single colonies in this
lineage for the first two rounds of sporulation. Only
colonies which conserved the ADS were subcloned for
the third round of sporulation and only the colonies with
a very low copy number of the amplification were
subcloned for the fourth round of sporulation.

The NSA6 amplified progenitor led, after the first
round of sporulation, to 5/5 studied clones which
conserved the ADS. After the second round of sporula-
tion, 12 randomly chosen colonies in the progeny of the
NSAG6 progenitor were studied: four of them presented
the ADS, five showed a loss of the entire ADS associated
with a partial deletion of the AUD6 (one with a A2 and
four with a A3 rearrangement) and three had also lost the
ADS but with a complete deletion of the AUD (A6). One
colony (NSA631) presenting the ADS6 was subcloned
and the eight clones which were studied in the progeny
retained the ADS.

Another colony (NSA641) which had presented the
ADS was subcloned and 14 colonies were obtained after
the third round of sporulation. Five out of 14 clones
studied had lost the ADS and also had a partial deletion
of the AUD (three A2 and two A3). Two outof 14 had a
modified ADS with an internal deletion removing part of
the 12 kb fragment. The AUD corresponding to this
modified ADS was called AUD7 (Fig. 1). This fact
implied that this deletion occurred before the amplifica-
tion process. Five out of fourteen showed the typical
ADS6 pattern and 2/14 studied clones (NSA641, and
NSA641,) presented the amplified pattern but the
hybridization signals were weaker and the amplification
was undetectable on ethidium bromide stained agarose
gels. These two strains were then subcloned and in all the
clones tested (58), the ADS6 was lost in association with
a partial or complete deletion of the AUD6. The weaker
hybridization signals of strains NSA641, and NSA641,
could correspond to a transitory step of amplification loss
and the next step would be the total loss without return to
an intact AUD.

Thus, the ADS6 was an unstable amplification and
when this amplification was lost, the AUD6 was never
intact and A2 seemed to be the most frequent deletion
observed (60/96 studied clones). There were also A3 and
A6 clones. In one case, a modified amplification was
recovered in the progeny of the ADS6-containing strain.

Moreover, the hybridization signals of the amplified
strains seemed to decrease in intensity at each round of
sporulation. The relative hybridization signal intensities
of the different clones in the lineage of NSA6 allowed us
to conclude that the copy number of the amplification
decreased even if we did not know the absolute copy
number of the amplification. The loss of an amplification
could thus be one of the multiple events occurring in the
basic genetic instability.



AUDG locus rearrangements in the stable Pig~ mutants

Spores of two Pig~ (pigment-defective) colonies (PIG1
and P1G2), independently isolated in the progeny of two
WT colonies, were plated on HT medium at the rate of
about 100 spores per plate (five plates), incubated at
37 °C and observed after growth for 5 d. The progeny of
these two Pig™ colonies revealed only mutant clones
exhibiting the parental mutant Pig~ phenotype. These
platings were classified as homogeneous stable progeny
because no other phenotype was detected in the sample
of colonies observed in the case of PIG1 and PIG2.

Genomic rearrangements at the AUD6 locus were
investigated in a sample of 32 and 31 mutant colonies
isolated from the progenies of PIG1 and PIG2, respec-
tively. Hybridization patterns showed a very high degree
of heterogeneity. Partial or complete deletions at the
AUD locus were detected at high frequency (20/32 and
31/31 for PIG1 and PIG2, respectively). Several rearran-
gements were more frequent than others. In the progeny
of PIG1, one clone presented a A2 rearrangement, 15 a
A3 one, 2 a AS one and 2 a A6 one. In the progeny of
PIG2, 11 clones showed a A3 rearrangement, 5 a A4 one
and 15 a A6 one.

Discussion

The AUDG locus as a DN A rearrangement hotspot

A high degree of genomic instability mainly affecting
two chromosomal regions [AUD90 (P. Leblond, unpub-
lished results) and AUDG6] was revealed in mutant strains
of S. ambofaciens DSM 40697 derived from independent
genetic instability events. This work reports the rearran-
gements detected at the AUD6 locus. The structure
found for the AUD6 family (12 AUDs in this family) is
very similar to the AUD locus observed in S. glaucescens,
in which heterogeneity in size and amplification degree
was also observed (H&usler ez al., 1989). According to the
nomenclature proposed by Hiitter et al. (1988), the
AUDG family of S. ambofaciens can be classified as type |
amplifications.

DNA amplifications were previously reported in 219
of ‘hypervariability-derived’ strains (Leblond et al.,
1989). Among 48 ADS-containing strains isolated from
independent hypervariable lineages, 11 (239%) were
mapped in the AUD6 locus. Thus, a signal of amplifica-
tion could exist in the AUD®6 region. Deletions accompa-
nying ADSs were found. These deletions occurred at one
side of the ADSs and in two cases removed part of the
proximal copy of the ADS. In addition, pedigree
analyses of the amplified strain NSA6 revealed a loss of
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the amplification associated with a partial or complete
deletion of the AUDG6. The decrease of the relative
hybridization signal intensities could be explained by the
loss (partial or complete) of the ADS by deletion events.
An alternative hypothesis could be a genomic heterogen-
eity of the different clones. These two processes could
coexist: indeed, intramolecular recombination could
result in changes of the apparent copy number as was
reported by Jarman & Wells (1989).

On the other hand, taking into account the three types
of strain (A strains: phenotypically stable strains; B
strains: unamplified hypervariable strains; C strains:
ADS-containing strains), about 30% of the mutant
strains presented rearrangements in the AUD6 region
(16/30 A strains, 11/37 B strains and 0/29 C strains).
Moreover, the deletions detected presented a different
right endpoint in the various mutant strains studied.
Twenty percent of the mutant strains studied harboured
deletions ending in the AUD®, suggesting that this locus
constitutes a rearrangement hotspot in .S. ambofaciens
DSM 40697. Indeed, these deletions presented an
endpoint included in a 25 kb DNA region (AUD®)
consisting of about 0-3% of the whole genome (estimated
to about 8000 kb by Leblond et al., 1990b). A signal of
deletion endpoint (as an amplification signal) could thus
exist in this region.

Therefore, the basic genetic instability is associated
with a structural instability.

The ability of the AUDG6 locus to undergo sequential
rearrangements

Several observations suggested a multi-step process in
the rearrangements of the AUD®6 locus rather than a
single-step mechanism. In the case of NSA6 and NSA
101, a deletion event occurred after the amplification
process. Thus, the loss of the amplification ADS6 also
suggested a multi-step process. One mutant clone
(NSA?7) isolated from the lineage of the amplified strain
NSA6 exhibited a deletion in the tandemly reiterated
AUD6. These observations were consistent with a
rearrangement within the AUD before the amplification
process.

DNA pattern analyses of progenies of two pigment-
negative colonies revealed a high degree of genomic
heterogeneity. A genomic hypervariability could be
triggered during the development of a Pig~ colony
affecting the pigmentation genes: the genotypically
heterogeneous colonies exhibited the Pig~ phenotype. In
one progeny, no WT AUDG locus was recovered. On the
basis of the existence of a single genome in a spore, the
genomic hypervariability could result from several
mutational events which occurred during the growth of
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the colony. This clonal effect suggests that these
mutations could occur at different stages during colony
development. Thus, the basic genetic instability could
consist in a high frequency (1 %) of a primary mutational
event inducing a genomic instability preferentially
directed through specific loci such as the AUD®6 locus.

Genome plasticity in the AUDG6 locus

Leblond et al. (1990a) presented an hypothesis to explain
the rearrangements in the upstream region of the
amplifiable loci in the mutant strains. The principles of
the model are applied here to the AUD6 locus to account
for the high degree of plasticity of this locus in the
phenotypically stable and hypervariable mutant clones.

In S. ambofaciens DSM 40697, P. Leblond and co-
workers (unpublished results) have shown, using pulsed-
field gel electrophoresis, that all the known rearrange-
ments were located in one chromosomal arc. The extent
of the deletions ranged between 250 and 2000 kb. The
two amplifiable regions were located in the chromosomal
arc which showed the genome plasticity. In S. lividans,
Cullum et al. (1988) have shown that the minimum size of
the deletion associated with the amplification in the
chloramphenicol-sensitive and Arg~ mutants was of
about 250 kb. In S. glaucescens, the deletion sizes ranged
from 250 to 800 kb (Birch et al., 1989).

The AUD6 contained a sequence homologous to
several DNA fragments belonging to the AUD. An
homologous AUD was found in another lineage of §.
ambofaciens (ATCC 23877) and this AUD also presented
these homologies. The AUD90 also showed such
homologies but they were different from those of AUD6
(A. Dary, unpublished results). Moreover, the right
endpoint of the AUD6 showed sequence homology with
an internal sequence (IHS). A structure with repeated
sequences was reported for the biosynthetic genes of
erythromycin in Saccharopolyspora erythraea (Katz et al.,
1990). S. ambofaciens produces a macrolide (spiramycin)
but the restriction map of the AUDG6 shows no similarity
to the one published by Richardson er al. (1990). Nothing
is known about the pigment produced by S. ambofaciens.
By analogy with the results published by Davis & Chater
(1990), it could be a polyketide. The different deletions
observed in the AUD6 could occur by recombination
between two of these homologies. Thus, ADSs could be
lost through two mechanisms. First, homologous recom-
bination could occur between reiterated copies of the
AUD. Secondly, recombination (homologous or illegit-
imate) events, analogous to those generating polar
deletions in unamplified mutant strains and assumed to
trigger amplifications (Leblond er al., 1990a), could
occur between a sequence external to the ADS and a
sequence belonging to the amplification.
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