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ABSTRACT: The restriction clevage map of multi-copy recombinant plasmid, pJY712 (8.1kb), carry-
ing the thiostrepton resistance gene(ssr) was determined. pJY712 had a broad host range in Strep-
tomyces and contained single Bg/ll site for cloning purpose. The plasmid showed the phenomenon of
lethal zygosis (Ltz *). Transformation frequency of pJY712 was 5.0 x 104 transformants per ug plasmid
DNA (TFU) in S. lividans. Plasmid pJY713 was constructed by inserting the tyrosinase gene(mel) into
the Bcll site of pJY712. Recombinant plasmid pJY714 carrying the me! gene was constructed by in vitro
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deletion of a segment (1.9 kb Bg/I1-Bcil fragment) from pJY713.
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With recent developments in Streptomyces gene-
tics, it becomes possible to clone genes and impro-
ving the strains (Chater ef al., 1982; Hopwood and
Chater, 1982; Bibb es a/, 1983). An important
development in Streptomyces genetics has been the
isolation and characterization of Streptomyces
plasmids as potential vectors. For the application of
cloning of foreign genes in Strepromyces, in applica-
tion of specific genes or expression of genes in dif-
ferent hosts, plasmids and derivatives of high copy
number and broad host range have been reviewd. Se-
veral high copy number plasmid, such as pl}10l
from Streptomyces lividans 1SP5434 (Kieser et al.,
1982), pUCS6 from S. espinosus (manis et al., 1982)
and pJVI from S. phaeochromogenes (Doull et al.,
1983; Bailey et al., 1986) have been described and
their derivatives also have been constructed as useful
vectors. For similar reason, we have been studied for
the development of new plasmid vector in Strep-
tomyces which is small in size large in copy number
useful for cloning and transformation purpose. In re-
cent paper (Yu ef al., 1987), we reported the isolation
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of a small (7.0 kb) and multi-copy (about 35 per
chromosome) plasmid, pJY711, isolated from Strep-
tomyces sp. and the construction of the derivative,
pJY712, carrying the thiostrepton resistance gene
(1sr).

In this communication, we report Lhe characteris-
tics of small and multi-copy derivatives of pJY7I1
(Yu er al., 1987) compared with useful cloning vec-
tors already in use.

MATERIALS AND METHODS

Bacterial strains and plasmids

The pJY711 &nd the recombinant plasmid pJY712
carrying the thiostrepton resistance gene (ssr) that
had already been studied by the present authors (Yu
el al., 1987) was used throughout this study. S.
hividans TK24 (Hopwood er al., 1983) used the stan-
dard host and p1J702 (Katz er al., 1983) and pll4l
(Thompson ef a.., 1982b) were donated by professor
D.A. Hopwooc, John Innes Institute, Norwich,
Uk. Other Streptomyces strains used host range
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Table 1. Transformation of pJY712 into various Strep-

tomycetes

Strains Transformation
by pJY712*

S. albus subsp. albus ATCC29795 Low **

S. antibioticus IFO12838 Low

S. aureus ATCC21428 —

S. avermitilis ATCC31267 Low

S. cacaoi subsp. asoensis IFO13813 —

S. coelicolor IAM1023 High

S. flaveolus IFO3715 High

8. griseus IFO12875 —

S. griseus subsp. griseus IFO13189 —

S. hygroscopicus ATCC 21705 —

S. kasugaensis ATCC15715 —

S. lividans High

S. mediocidicus ATCC13278 —

S. mitakaensis ATCC15295 High

S. tandae ATCC31160 —
N. mediterranei IFO13142 —

*; pJY712 DNA was isolated from S. lividans.

**; Low, lower than 103 transformants per ug plasmid
DNA: High, higher than 103 transformants per ug
plasmid DNA.

-; No transformant,

studies are listed on Table 1. E. coli HB101 (Bolivar
et al., 1977a) was used as host for pBR322 (Bolivar er
al., 1977b) ad bifunctional derivatives.
Culture condition and transformation procedure

All Streptomyces for transformation experiments
were grown in YEME medium containing 34% su-
crose, 0.2% MgCL6H,0 and 0.5% glycine. Pro-
toplast formation and transformation of S. lividans
were as in Thompson ef al. (1982a). Direct selection
for thiostrepton resistant transformants was made by
overlaying regeneration medium (R2YE) with 2.5 m/
soft Nutrient agar (Difco) containing 500 ug thio-
strepton per m/ after incubation for 20 hrs (Kieser ez
al., 1982). Thiostrepton (kindly donated by Mr. S.J.
Lucania of E.R. Squibb and Son, New Brunswich,
NJ, USA) was used in liquid at 5 ug per m/ and solid
media at 50 ug per m/. E. coli HB101 was transform-
ed as described by Nogard et al. (1978).
DNA manipulation

Plasmid isolation, restriction enzyme digestion,
bacterial alkaline phosphatase treatment, agarose gel
electrophoresis and ligation of DNA were essentially
as Hopwood er al. (1985).
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Bglll EcoRI

EcoRl BamH]

BamH1

tsr
Sstl

BamHI BamHI

Distance from Bg/1 site (kb)
1.0.0 9.3.0

2.0.1 10.3.6

3.0.5 11.4.7

4.09 12.49

5.1.0 13.5.8

6.1.3 14, 6.6

7.1.9 15.7.7

8.2.7 1.8.1

Fig. 1. Restriction map of pJY712.

No sites found for HindIII, Xbal, Kpnl and Psil.

RESULT

Restriction endonuclease cleavage map of pJY712

The restriction cleavage map of pJY712 were de-
termined from cleavage patterns obtained by succes-
sive digestion with various combination of restriction
enzyme (Fig. 1). Comparison of the restriction pat-
terns with those of plasmids previously (i.e., SCP2 °
SLP1.2 (Bibb er al., 1980), pIJ101 (Kieser et al.,
1982), pUC6 (Manis and Highlander, 1982), pSK1
and pSK2 (Toyama er a/., 1981), pFJ103 (Richardson
el al, 1982) and pJVl (Doull er al., 1983)
demonstrated that the isolated plasmid from soil,
plY711, was novel.
Lethal zygosis and compatibility of pIY711 with
other plasmids

The known plasmids of Streptomyces exhibit a
property that have been called lethal zygosis (Ltz*)
correlated with plasmid transfer (hopwood er al.,
1983). We could detect a lethal zygosis in regenerat-
ing 8. lividans lawns after transformation with
pJY711 (Yu er al, 1987). The compatibility of
pJY711 and plJ702 (having the replicon of plJ101;
Kieser er al., 1982) was investigated by transforma-
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tion of Streptomyces sp. No. 71 (Yu et al., 1987) car-
rying pJY711 with plJ702. All thiostrepton-resistant
colonies tested had both plY711 and plJ702, bw
an apparent copy number of plJ702 on agarose gel
was higher than pJY711. Also pJY711 was compati-
ble with plJ41 containing the essential region of
SLP1.2 (Thompson et al., 1982b). Therefore, the
result showed that two families of multi-copy plas-
mids compatible.
Host range of pJY712

The host range of pJY712 was determined by pro-
toplast transformation, using a Streptomyces series
different with that used by Kieser er al. (1982). Selec-
tion for thiostrepton resistance was made by overlay-
ing the regenerating protoplasts after 20 hrs with soft
agar containing thiostrepton. The results are shown
in Table 1. The coufirmation of transformation was
made in each case by isolation of plasmid DNA, ex-
cept in the case of Nocardia mediterranei IFO13142
where partially thiostrepton-resistant colonies were
obtained on transformation with pJY712 but no plas-
mid DNA could detected by DNA isolation. S. Kasu-
gaensis ATCC 15715, S. aureus ATCC21658, S. cucaor
subsp. asoensis IFOI3813, S. hveroscopicus ATCC
21705, S. griseus IFO12875, S. griseus subsp. griseus
IFO13189, §. mediocidicus ATCC 13278 and S. tan-
dae ATCC31160 were not transformed by pJY712.
The low frequencies observed and failture of trans-
formations for several species could be explained
either by the non-optimal procedures for protoplast
preparation and transformation or by host restriction
system (Bailey er al., 1986).
Construction of pJY713 and pJY714

To insert the tyrosinase gene (mel) into pJY712,
pJY712 DNA was partially digested with Bc/l en-
donuclease and ligated with the tyrosinase frag-
ment 1.5 kb of plJ702 (Katz er al., 1983). S. lividans
protoplasts were transformed the ligated DNA.
Regenerating protoplasts were then screened for
thiostrepton-resistance and melanin production by
overlaying soft agar containing thiostrepton and
tyrosine (500 ug/m/). 10 out of 200 thiostrepton-re-
sistant transformants produced the melanin pigment.
2 of these colones were examined for plasmids and
then recombinant plasmid (designated as pJY713)
that inserted the tyrosinase fragment were detected
by Bcll digestion. And the plasmid pJY714 (7.7 kb)
was constructed in vitro by deletion of the Bg/lI-Bcil
fragment (1.9 kb) from pJY713 (Fig. 2). All transfor-
mants carrying pJY713 and pJY714 produced mela-
nin pigment on R2YE agar (Fig. 3). Both pJY713 and
pJY714 were stable in S. /ividans without rearrange-
ment.
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Fig. 2. Construction of recombinant plasmid pJY714.

C D

Fig. 3. Regenerstion of protoplasts of S. lividans carry-

ing pJtY713and pJY714 on R2YE agar after trans-
formatior.
A ; Transformants carrying pJY713, B; Transfor-
mants ca-rying pJY714, C; Retransformants car-
rying pJY713, D; Retransformants carrying
pJY714.
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Bglll/ BarmHI

Hindlll

Bcll Ssy1 BamHI

isr
Fig. 4. Restriction map of pJY715.

Construction of bifunctional plasmids

The plasmid pBR322 was digested with Bam HI
and ligated with Bg/ll digested pJY712. E. coli
HBI01 was transformed with each of the ligated
DNA. The recombinant plasmids were found in E.
coli HB101 by isolation of plasmid DNA of ampicil-
lin resistant tetracycline sensitive transformants. E.
coli-Streptomyces bifunctional plasmid, pJY715 had
pBR322 in the Bg/II site of pJY712 (Fig. 4). Trans-
formation frequency of pJY715 was 6.2 x 10° TFU in
S. lividans, 5.4 x 10° TFU in E. coli. The observation
that pJY715 could transform both Streptomyces and
E. coli indicated that this vector could be used to
clone genes from both organisms. Also this experi-
ment suggested that the Bg/ll site of pJY712 was not
in essential region, and that Bg/lI useful for cloning
widely used Mbol (Sau3 Al) was potentiat cloning site
in pJY712.
Plasmid stability

The stability of derivatives of pJY711 was studied
by counting the thiostrepton resistant colonies after 5
round of growth (spore germination, mycelial growth
and sporulation) in the absence of any antibiotic
pressure. The thiostrepton resistances conferred on
S. lividans strain by the various derivatives of pJY711
were found to be inherited stable without the need
for selection.

DISCUSSION

Sence the first physical characterization of a
Streptomyces plasmid (Schrempt et al., 1979), several
plasmids have been described in some species (Haya-
kawa et al., 1979; Okanishi ef a/., 1980; Nakano et
al., 1980). Among them, two plasmids, SCP2° and
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SLP1.2, have been used as cloning vectors in S.
coelicolorA3(2) and S. lividans66. But they have a
low copy number (1-5 per chromosome) and a rather
narrow host range. These features did not detract
from the utility of SCP2° or SLP1.2 derivatives as
vectors for many cloning purpose. However, in gene
amplification, or the transfer of DNA between a
variety of different Streptomyces host, plasmid vec-
tors of higher copy number and broader host range
would be useful.

We have described a naturally occurring, small
and high copy-number plasmid, pJY711, from an or-
ganism classified as Streptomyces sp.. Even the copy
number of pJY711 was lower than that of plJ702
(Katz ef al., 1983), copy number 35 of pJY711 was
resulted in still lower than pIJ702 (or other plJ101
derivatives) (Schrempf ef al., 1975; Bibb et al., 1980;
Thomson et al., 1980; Richardson et al., 1982).
Comparison of restriction enzyme pattern of the tsr-
containing derivative demonstrated that the plasmid
pJY711 was new. The small size of pJY711 and its
derivatives is particularly useful since they are readily
manipulated and since other pieces of DNA can be
added without reaching a size too large to be stable
maintained without rearrangement, in Strep-
tomyces. No example of incompatibility of pJY711
with other known plasmids (pIJ702 having the repli-
con of plJ101, plJ41 having the replicon of SLP1.2)
have been described. This co-existence of pJY711
with other Streptomyces plasmids could be useful in
examining the effect of combinations of indepen-
dently cloned genes within the same cell, without the
need for further in vitro manipulation. Having a
broad host range, the derivatives of pJY711 should
facilitate studies on regulation and biosynthesis in
some Streptomyces species that could not previously
be extensively studied. Furthermore, these deriva-
tives might be useful in industrial applications
relating to the development and production of an-
tibiotics. From the experiment of construction of E.
coli-Streptomyces bifunctional plasmid, the Bg/l1 site
of pJY712 was proven as non-essential site for the
cloning of Mbol generated fragments. The recombi-
nant plasmid pJY714 containing the me/ fragment
can be used in similar way to plJ702 by insertional in-
activation of the snel expression.

Because of small size, high copy number and
broad host range, pJY711 and their derivatives are at-
tractive as potential vectors for cloning in Strep-
tomyces. We think that more useful vectors could be
developed if experiments for allocation of nonessen-
tial regions of plasmids and size reduction are per-
formed.
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