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ABSTRACT: Five independent Actinomycetes harboring plasmids were isolated from soil. Molecular
weight of these plasmids was 55 kb, 6.2 kb, 4.4 kb, 55 kb and 7.0 kb, respectively. Among them, small
and apprent high copy number plasmids, pJY501 of 4.4 kb and pJY711 of 7.0 kb, were selected. The
plasmids purified by CsCI-EtBr density gradient centrifugation preserved the conformation of super-
coiled covalently closed circular molecule, and an apparent copy number was estimated about 150 and
about 35 per chromosome. The isolates carrying plasmids were assigned to the genus Streptomyces. For
the purpose of introducing selection markers into the isolated plasmids, the tsr fragment of plJ702 was
inserted into the Bcll site of pJY501 and pJY711. And the recombinant plasmids constructed designated

as pJYS02 and pJY712 respectively.
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Streptomyces are Gram-positive multi-cellular
microorganism of biological, medical, as well as
industrial importance and produce over 70 % of all
antibiotics (Hopwood and Merrick, 1977). Evi-
dence of involvements of plasmids in antibiotic
biosynthesis has been reviewed (Hopwood, 1978;
Okanish, 1978). Transfer of plasmid DNA by pro-
toplast transformation and methods for prepara-
tion and regeneration of protoplasts have been
developed (Bibb et al, 1977; Thompson et al.,
1980; Baltz, 1978; Hopwood and Wright, 1979;
Baltz and Matsu.ishima, 1981). Recent develop-
ments in Streptomyces genetics should facillitate
the research of antibiotic biosynthesis at the mole-
cular level and also be used to generate novel
structure by cloning antibiotics production genes
from one species into another. A branch of recent

255

developments in Streptomyces is the isolation and
analysis of Streptomyces plasmids, and several St
reptomyces antibiotic resistance genes have been
cloned and used as vectors (Thompson et al.,
1980; Thompson et al., 1982; Kieser ef al., 1982;
Lydiate et al., 1985).

The purpose of this paper is to report the isola-
tion and characterization of small and multi-copy
plasmids, pJY501 and pJY711, isolated from soil.
We also describe the construction of derivatives
carrying the thiostrepton resistance gene (fs7) -
(Thompson et al., 1982b).

MATERIALS AND METHODS

Bacterial strains and plasmids
Bacterial strains and plasmids used in this
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Table 1. List of bacterial strains and plasmids

Strains/Plasmids Genetic marker Source

Strain No. 9(pJY091) This study
Strain No. 47(pJY471) ”
Streptomyces sp.

No. 50 (pJY501)
Strain No. 56(pJY561)
Streptomyces sp.

No. 71(pJY711)

S. lividans TK24 str-6 Hopwood
S. lividans TK150 Thiof, Mel* Katz et al.
(plJ702)
E. coli V517 CCC plasmids  Macrina ef al.
marker

study are shown in Table 1.
Culture conditions and transformation procedu-
res

Actinomycetes strains were isolated on glucose
asparagine agar (10 g glucose, 0.5 g K,HPO,, 0.5
g asparagine, 15 g agar). Culture media for Strep-
tomyces strains were YEME medium (Bibb ef al.,
1977), containing 34 % sucrose, 0.2 % MgCl,
6H,0 and 0.5 % glycine, and Tryptic soy broth
(Difco) and R2YE (Thompson et al., 1980). Proto-
plast formation and transformation of S. lividans
were as in Thompson ef al. (1982a). Direct selec-
tion for thiostrepton resistant transformants was
made by overlaying regeneration medium (R2YE)
with 2.5 m/ soft nutrient agar (Difco) containing
500 g thiostrepton per m/ after incubation for 20
hrs (Kieser, 1982). Thiostrepton (kindly donated
by Mr. S.J. Lucania of E.R. Squibb and Son, New
Brunswick, USA) was used in liquid at 5 #g per m/
and solid media at 50 g per ml.
Isolation of Actinomycetes from soil and Screen-
ing of plasmids

Soil samples dried at 37°C for 7 days were dilu-
ted with distilled water and spread on glucose as-
paragine agar. After incubation at 28°C for 5
days, the colonies regarded as Actinomycetes
were selected and preserved in slants. Actino-
mycetes strains isolated from soil were incubated
at 28°C in YEME medium or Tryptic soy broth.
Plasmid DNAs were isolated using the alkaline
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extraction procedure described by Birnboim and
Doly (1979) and methods of Kieser (1984) and
Hopwood et al. (1985).
Identification of the isolates carrying plasmids

Morphological test, physiological tests, dia-
minopimelic acid (DAP) and monosaccharide ana-
lysis of cell wall were performed following pro-
cedures described by Berd (1973), Lechevalier
(1970) and Bergey’s manual of determinative bac-
teriology (1974).
DNA isolation and manipulation

Plasmids were isolated from Streptomyces by
the procedure of Birnboim and Doly (1979) and
methods of Kieser (1984) and Hopwood et al.
(1985). For restriction enzyme endonuclease di-
gestion, plasmid DNAs were purified further by
CsCl-EtBr gradient centrifugation. All restriction
enzymes, ligase and bacteral alkaline phosphatase
were used under the condition recommended by
the manufacturer. Reactions were terminated by
heating to 65°C for 5 min, except for Bcll where
ethanol precipitation was used to stop the reac-
tion. The recovery of DNA fragments from aga-
rose gel was performed using Unidirectional ele-
ctroeluter (International Biotechnologies, Inc. Mo-
del UEA).
Plasmid copy number determination

Plasmid copy number was determinated using
method described by Kieser ef al. (1982). For the
determination of plasmid copy number mycelium
was grown for plasmid preparation. Total DNA
was prepared using procedure of Hopwood ef al.
(1985). Samples for each dilution were loaded on’
to agarose gels for electrophoresis. The gels were
stained for 30 min in ethidium bromide (0.5 ug per
m/). The gels were destained in several changes of
water and photographed. The negatives were
scanned with a LKB densitometer to determine
the peak areas of chromosomal and plasmid DNA.
Then plasmid copy number was determined by
the peak areas that gave the ratio of plasmid to
chromosomal DNA.

RESULT AND DISCUSSION

Isolation of Actinomycetes strains and screening
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of plasmids

A total of 81 Actinomycetes isolated from soil
were investigated for the presence of plasmids.
Plasmids were detected in 5 strains and designated
as pJY091, pJY471, pJY501, pJY561 and pJY711
(Fig. 1). 6.2 % plasmid-containing strains was
lower than 15-25 % that had been reported (Haya-
kawa ef al., 1979; Okanish ef al., 1980; Hopwood,
1981) but was similiar percentage with Ohunuki
(1983). All plasmids were easily isolated with pro-
cedures to be used. The molecular weight of plas-
mids was estimated about 55 kb, 6.2 kb, 4.4 kb, 55
kb and 7.0 kb, respectively by using CCC plasmids
of E. coli V517 as standard size markers. Among
them, small and apparent high copy number plas-
mids, pJY501 and pJY711, were selected for fur-
ther experiments.
Identification of the isolates carrying plasmids

Morphology was observed after 2 to 3 weeks
on yeast-malt extract agar. The chains of spore in
both strain No. 50 and strain No. 71 formed spi-
rals. The surface of spores was smooth in case of
strain No. 50 and warty in case of strain No. 71.
Fig. 2 showed the electronmicroscopic photo-
graph of strain No. 50 and strain No. 71. The cul-
tural characteristics of the isolates are listed on
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Fig. 1. Agarose gel electrophoresis pattern of plasmids
of the isolates.
A, G; E. coli V517 B; pJY091 C; pJY471 D;
pJY501 E; pJY561 F; pJY711
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Fig. 2. Electronmicroscopic photographs of the iso-
lates.
A ; Spore chains of strain No. 50 B; Spore chains
of strain No. 71 C; Spore surface of strain No. 50
D; Sore surface of strain No. 71

Table 2 and physiological characteristics are on
Table 3. Two strains showed good growth on
yeast extract-malt extract agar and glucose-pep-
tone agar and produced soluble pigments. Two
isolates decomposed starch, casein, hypoxanthine
and tyrosine. And Two strains were sensitive to
lysozyme and utilized all carbohydrates except sa-
licin. The hydrolysate of two isolates was found to
contain LL-diaminopimelic acid by thin layer chro-
matography. And the monosaccharide analysis
demonstrated that cell walls of the isolates did not
contain any monosaccharides (Fig. 3). Two iso-
lates were cell wall type I according to the classifi-
cation by Lechevalier ef al. (1970). In comparison
with the description of Bergey’s manual of deter-
minative bacteriology, the strain No. 50 and the
strain No. 71 were identified as the genus Strep-
tomyces and designated Streptomyces sp. No. 50
and Streptomyces sp. No. 71, respectively.
Characterization of pJY501 and pJY711

The plasmids purified by CsCl-EtBr density



258  Yu, Yum and Kong

Table 2. Culture characteristics of the isolates
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Characieristics

Growth

Aenal Reverse Soluble
Strain number Mycelium side pigment
Media 50 71 50 71 50 71 50 71
Yeast extract-malt extract agar a a g g v b y b
Oat meal agar P p w y b y
Inorganic salis-starch agar D p b w y b v
Glycerol-asparagine agar D p w b v b v
Tyrosine agar p P y W y b b
Glucose asparagine agar p p y w v b v
Glucnse-nitra(e: agar p p g W ¥ b ¥ b
Glucose-peptone agar a a b w b b -
Nutrient agar p p b\ y y
a;abundant  m;moderate p;poor y;yellow b;brown gray w; white
Table 3. Physiological properties of te isolates A B C D EF G H

Tests

Strain No.
No. 50 No. 71

Melanin production
Niirate reduciion

[ndol test
Catalase test
Starch hydrolysis
Casein hydrolysis
Gelatin liquifection
Litmus milk test
Urease Lest
Lysozyme resistance
CMC hydrolysis
Decomposition of xanthine
Decomposition of hypoxanthine
Decomposition of tyrosine
Carbohydrate utilization

mannitol

salicin

galactose

arabinose

sucrose

raffinose

glucose

inositol

fruciose

rhammnose

xylose

+
+ +
+ +
+ +

sensilive  sensitive

+
+ +
+ +
+ +
+ +
+ +
+ +
+

+ +
+ +
+ +
+ +
+ +

+; posilive - ; negative

LL-

meso-

Fig. 8. This layer chromatography of DAP isomers and
monosaccharide of cell wall.

A; Mixture of LL-, DD- and meso-DAP B;
Strain No. 50 C; Strain No. 71 D; Xylose E; Ara-
binose F; Galactose G; Strain No. 50 H; Strain
No. 71
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A B A B

Fig. 4. Patterns of micro-densitometric analysis.
A; pJY711 B; pJY501

gradient centrifugation preserved the conforma-
tion of supercoiled covalently closed circular mole-
cular. And the digestion of pJY501 and pJY711
with BgllI, Bcll generated single linear fragments.
A apparent copy number of pJY501 and pJY711
was estimated 150-200 and 30-40 per chromosome
by microdensitometric analysis (Fig. 4).
Construction of pJY501 and pJY711 derivatives
carrying the fsr gene

Plasmids pJY501 and pJY711, were digested

with Bcll and treated with bacterial alkaline phos-.

phatase. As a source of thiostrepton resistance
gene (fs7; 1.09 kb), pIJ702 (Katz et al, 1983) was
digested at its four Bc/l sites and eluted using
electroeluter. Each two DNA preparations were
ligated and the ligated DNA was used to trans-
form protoplasts of S. lividans. 5 thiostrepton-re-
sistant colonies in case of pJY501 and 12 colonies
in case of pJY711 were obtained. Two recombi-
nant plasmids (designated pJY502 and pJY712)

=

Eoko 20 e plasmids Zhn Ut 559 wAFS Helsiic), °]E plasmid®] HAjeke
2717F &3 58 copysE 7 4.4kbe} pJY 5013t 7, Okbe] pJYy

Tl 24182 E HAH £ plasmids covalently closed circular ¥ejz Zajs}g

EAFL StreptomycesE2o2 A=t Yoy 5 plasmidell selection

kbel 7. 0kbich, o)&5

71.:'_ Al,_

1502+ 35 A=t Plasmid®
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A°B C DE F G H 1

Fig. 5. Agarose gel electrophoresis pattern of recombi-
nant plasmids pJY502 and pJY712.
A; pJY501 B; pJY501 digested with Bel G, H;
plJ702 digested with Bcll D; pJY502 digested
with Bell E; A DNA digested with HindIII
(23.13, 9.42, 6.68, 4.36, 2.32, 2.03, 0.56 kb) F;
pJY711 G; pJY711 digested with Bell I; pJY712
digested with Bell

were detected by Bcll digestion and agarose gel
electrophoresis (Fig. 5). Both pJY502 and pJ Y712
readily transformed protoplasts of S. lividans to
thiostrepton resistance.

Plasmids, pJY501 and pJY711, isolated from
Streptomyces sp. No. 50 and Streptomyces sp. No.
71 were small (4.4 kb and 7.0 kb) and high copy
number plasmids (about 150 per chromosome for
pJY501 and about 35 for pJY711). Because of
their originally small size and high copy number,
the derivatives of pJY501 and pJY711 were at-
tractive for development of potential vectors in St-
reptomyces.

2

7k 55kb, 6,2kb, 4.4kb, 55
711% Asgich, CsCl L.

2= chromosome® copy4-= 7zt

markers AFsH7] 3ted pJY 5019] Bell QIA1%-oll plj7029] fsr whaie ARISHEL pJY 7119 Bell QlA18lo] 5 bl

= ARl A123 plasmid pJY 5022 pJY 712 A =549},
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