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ABSTRACT

Streptomyces saraceticus strain N45, a saprophytic Gram-positive bacteria, has been shown to harbor high chitinase
activity.  Due to its potential use in biological control, the cloning of chitinase genes and the development of methods to
quickly and precisely detect its presence have become necessary.  In this study, PCR-based random amplified polymor-
phic DNA (RAPD) and PCR strategies were used to amplify random DNA fragments from the genome of S. saraceticus
N45.  Three amplified DNA fragments, 417, 523 and 655 bp in length, were further isolated, subcloned and sequenced.
Nest primers were designed from terminal ends of these three fragments and used for further PCR reactions.  A single
specific band was produced from the genomic DNA of S. saraceticus N45 for each nest primer pair.  These three single
bands were S. saraceticus N45 specific and were not amplified from other species of Streptomyces or bacteria, such as
Ralstonia solanacearum, Agrobacterium tumefaciens, E. coli, Bacillus subtilis and Xanthomonas campestris pv. campestris.
Through detection of the coexistence of these three fragments in PCR reaction using DNA or bacterial cells directly, the
presence of S. saraceticus N45 can be confirmed.  Further Southern analysis indicated that these three DNA fragments
were specifically present in the S. saraceticus N45 genome in a single copy manner, and therefore, that they can poten-
tially be used as markers for identification of S. saraceticus N45.
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I. Introduction

Biological control has been developed as an alternative
to replacing chemicals to control various plant diseases (Jatala,
1986; Crawford et al., 1993; Sitrit et al., 1993; Schirmbock et
al., 1994; Dowling and O'Gara, 1994; Larena and Melgarejo,
1996).  Using this strategy, the microorganisms themselves
or the antibiotics or degrading enzymes they produce can be
used directly against various plant pathogens.  Saprophytic
Gram-positive bacteria in the genus Streptomyces have been
shown to have characteristics which make them useful as bio-
control agents against soil-borne plant fungal pathogens
(Whaley and Boyle, 1967; Tahvonen, 1982; Chattopadhyay
and Nandi, 1982; Turhan, 1981; Mohamed, 1982; Crawford
et al., 1993).  These characteristics include the production of
enzymes, such as chitinase, which degrade the fungal cell wall
directly (McCarthy and Williams, l992; Gupta et al., 1995;
Carrillo and Gomez Molina, 1998).  The identification and
characterization of strains of Streptomyces containing high
chitinase activity as well as further isolation of these chitinase

genes have, thus, become important and have been investi-
gated extensively during the past few years.  Many chitinase
genes have been cloned and charactcrized from different spe-
cies of Streptomyces, such as S. coelicolor (Saito et al., 1999),
S. griseus (Ohno et al., 1996); S. thermoviolaceus (Tsujibo et
al., 1993), S. olivaceoviridis (Blaak et al., 1993), S. lividans
(Fujii and Miyashita, 1993; Miyashita and Fujii, 1993) and S.
plicatus (Robbins et al., 1992).

For release and further manipulation of these strains so
that they can be used as biological controls, the development
of strategies for detecting the presence of these strains is
important.  DNA fingerprinting is an ideal method and has
been widely used for specific identification of many organisms,
including bacteria (Fani et al., 1993; Louws et al., 1999).  The
PCR-based random amplified polymorphic DNA (RAPD)
method, one of the most successful methods of DNA finger-
printing, can be used to generate distinctively amplified pat-
terns for different tested species (Akopyanz et al., 1992; Pow-
ers and Harris, 1993; Herder et al., 1994; Scott and McManus,
1994; Hartung et al., 1993; Manulis et al., 1994; Smith et al.,
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1994; Permaul et al., l 996; Kutchma et al., 1998).  Specific
amplified polymorphic DNA fragments can be isolated for
use as probes to directly detect the existence of the organisms.
In addition, the terminal ends of these DNA fragments can be
designed to serve as primers to specifically amplify the same
fragments from the organisms quickly.

S. saraceticus, different from many other species of
Streptomyces, has not been studied very much in recent years
to determine its molecular characteristics or antibiotic activity.
In this report, a Taiwanese strain of S. saraceticus N45, which
exhibits high chitinase activity and has been used to inhibit
the hatching of eggs of southern root-knot nematode in Tai-
wan (Lee, 1995), was characterized.  In the process of cloning
chitinase genes from this strain, DNA fingerprinting was first
successfully developed here to distinguish this strain from other
bacteria, including various species of Streptomyces.

II. Materials and Methods

1. Bacteria and Growth Conditions

N45, a strain of S. saraceticus which exhibits high chitin-
ase activity, was isolated in Taiwan (Lee, 1995).  Four species
of Streptomyces, S. omiyaensis, S. parvulus, S. plicatus and S.
coerulescens, were purchased from FIRDI (Food Industry
Research and Development Institute, Hsinchu, Taiwan).  The
strain of Ralstonia solanacearum, Ps95, was found to be fully
virulent in tomatoes and was kindly provided by Drs. S.T.
Hsu and K.C. Tzeng (Department of Plant Pathology, Na-
tional Chung Hsing University, Taichung, Taiwan).  Xantho-
monas campestris pv. campestris and Bacillus subtilis were
kindly supplied by Dr. W.M. Leu (Graduate Institute of Agri-
cultural Biotechnology, National Chung Hsing University,
Taichung, Taiwan) and Dr. B.Y. Chang (Graduate Institute of
Biochemistry, National Chung Hsing University, Taichung,
Taiwan), respectively.  Streptomyces spp. were grown on
YM agar medium (4 g yeast extract, 10 g malt extract, 4 g
dextrose, 20 g agar, dissolved in 1 L of water, pH 7.3) at 28°C.
For analysis of chitinase activity, Streptomyces spp. were
grown  on CM agar minimal medium (0.7 g K2HPO4, 0.5 g
KH2PO4, 0.5 g MgSO4, 0.01 g FeSO4, 0.001 g ZnSO4, 15 g
agar, dissolved in 1 L of water, pH 7.0) containing chitin
(Sigma, St. Louis, MO, U.S.A.) as substrate. R. solanacearum
Ps95 was grown on a tetrazolium chloride selective agar me-
dium (Kelman, 1954; Yang and Ho, 1998) at 28°C. E. coli
(DH10B) was grown on LB medium at 37°C whereas
Agrobacterium tumefaciens (LBA4404), X campestris pv.
campestris and B. subtilis were grown on LB medium at 28°C.

2. DNA Isolation

A modified version of the procedure of Kutchma et al.
(1998) was used for bacteria DNA isolation.  Mycelia or spores
from species of Streptomyces were spun down and resuspended

in 1 ml Tris-EDTA (TE) buffer after growing in YM liquid
medium for 5 days at 28°C. TE buffer was removed after cen-
trifugation (16000× g for 4 min at room temperature), and the
pellet was resuspended in 500 µl TE containing 1 mg/ml lyso-
zyme.  After incubation at 37°C for 2 hours, 75 µl of 10%
sodium dodecyl sulfate (SDS) and 125 µl of 5 M NaCl were
added to this mixture.  The samples were centrifuged (16000×
g for 6 min at room temperature) after they were incubated in
dry ice/ethanol (–70°C) for 3 min, in a 65°C water bath for 3
min and on ice for 10 min.  RNase (with a final concentration
of 200 µg/ml) was added to the supernatant, and the mixture
was incubated at 37°C for 15 min.  Proteinase K (with a final
concentration of 50 µg/ml) was then added, and the mixture
was incubated at 37°C for 30 min.  An equal volume of phe-
nol/chloroform/isoamyl alcohol (25:24:1) was added, and
upper aqueous phase was recovered after centrifugation
(16000× g for 4 min at room temperature).  The DNA was
precipitated by mixing the aqueous phase with 100% ethanol
overnight.  The DNA was pelleted by means of centrifugation
(16000× g for 10 min at 4°C).  After washing with 70% ethanol,
the DNA was dried and dissolved in 100 µl of TE buffer.  For
DNA isolation of other bacteria (E. coli, R. solanacearum, A.
tumefaciens, X. campestris pv. campestris and B. subtilis),
cells were grown to the log phase, and then the procedure
described above was employed.  DNA was isolated from
Arabidopsis ecotype S96, and then a modified version of the
CTAB (Hexadecyl trimethyl-ammonium bromide) method
(Yang et al., 1995) was performed.

3. PCR Amplification and Cloning

Genomic DNA from bacteria or plants was used to per-
form PCR reaction.  About 50 ng of genomic DNA was used
as a template for PCR amplification.  The reaction mixture
contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM
MgCl, 0.01% gelatin, 200 µM of each dNTP, and 0.1 µM of
each oligonucleotide primer in a volume of 50 µl.  The RAPD
analysis was programmed for 5 cycles of 1 min at 95°C (de-
naturing step), of 1 min at 37°C (annealing step), and of 2 min
at 72°C (extension step); followed by 30 cycles of 1 min at
95°C, of 1 min at 55°C, and of 2 min at 72°C; and finishing
with extension for 10 min at 72°C.  For regular PCR reaction,
35 cycles were performed, and the denaturing step was per-
formed at 95°C for 1 min, the annealing step was performed
at 55°C for 1 min and the extension step was performed at
72°C for 2 min.  10 µl of the amplifications were analyzed on
1% agarose gel.  The selected RAPD and PCR fragments am-
plified from S. saraceticus N45 were cloned into PGEM-T
Easy Vector (Promega, St. Louis, MO, U.S.A).  Recombinant
clones were screened for the desired insertion size, followed
by DNA sequencing.  Nest primers were designed for each
recombinant clone and used for PCR amplification.  For PCR
using nest primers, the denaturing step was conducted at 95°C
for 1 min, the annealing step was conducted at 65°C for 1 min
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and the extension step was performed at 72°C for 2 min.  10
µl of each amplification was analyzed on 1.5 or 2% agarose
gel.  For PCR using bacterial cells directly, the cells were
mixed with PCR reagents, and the mixture was used directly
in PCR reaction.  When nest primers were used for this re-
action, the PCR condition was as described above.  The num-
ber of bacteria used in each PCR reaction was determined by
means of dilution-plating.  The sequences of the oligonucle-
otide primer L1T used in RAPD analysis, the S2 and AS2
primers specific for the S. plicatus chitinase 63 (chi63) gene
(Robbins et al., 1992), and nest primers used in the subse-
quent PCR are listed in Table 1.

4. DNA Gel Blot Analysis

For Southern hybridization, 2 µg genomic DNA from
different species was digested with appropriate restriction
enzymes, size fractionated in 1% agarose gels and transferred
to Hybond N+ membranes (Amersham International, Buckin-
ghamshire, U.K.).  For highly stringent hybridization, the
membranes were prehybridized for 30 min and hybridized
with 32P-dCTP-labeled DNA probes using multiprime DNA
labelling systems (Amersham International) overnight at 65°C
in the same solution (0.25 M Na2HPO4, pH 7.2, 7% SDS),
and then washed twice in both solution I (20 mM Na2HPO4,
pH 7.2, 5% SDS) and solution II (20 mM Na2HPO4, pH 7.2,
1% SDS) at 65°C for 30 min per wash.  The blots were then
air dried, covered with plastic wrap, and autoradiographed.
The DNA probes (470, 350 and 510 bp fragments) specific
for three PCR fragments were amplified using nest primers .
The S. plicatus chitinase 63 (chi63) gene specific probe (460
bp fragment) was amplified by means of PCR.

III. Results

1. S. saraceticus N45 Contains High Chitinase Activ-
ity

S. saraceticus N45 was originally isolated from the

rhizoshere of plants in the field in central Taiwan (Lee, 1995).
This strain grows vigorously as small colonies and produces
mycelium and spores typically observed in species of Strep-
tomyces on solid medium (Fig. 1(A)).  Similar to some spe-
cies of Streptomyces, S. saraceticus N45 harbors strong chi-
tinase activity.  Clear zones produced by S. saraceticus N45
(Fig. 1(B)) after growing on CM agar medium containing
chitin as the sole carbon source were comparable to those pro-
duced by S. parvulus (Fig. 1(C)) or S. plicatus (Fig. 1(D)).
This result indicated the potential use of this strain as a bio-
control agent in controlling fungal diseases.  In an attempt to
clone chitinase genes from S. saraceticus N45, specific prim-
ers were derived from the chitinase 63 (chi63) gene of S.
plicatus (Robbins et al., 1992) and the chitinase C (chiC) gene
of S. lividans (Fujii and Miyashita, 1993), and were used for
PCR amplification (Table 1).  A 460 bp DNA fragment was
amplified not only from the genomic DNA of S. plicatus as
expected, but also from the genomic DNA of S. parvulus (Fig.
2).  DNA sequence indicated that they shared high sequence
homology (92% identity), and that the 5' end of their DNA
sequences was similar to that of the chi63 gene.  For S. sara-
ceticus N45, only an unexpected 655 bp DNA fragment was
amplified (Fig. 2).  Sequence comparison indicated that it is
not the chi63 gene from S. plicatus or the chiC gene from S.
lividans since it shared no homology with these two genes.  It
also showed no obvious homology to any genes or DNA se-
quences reported.  To answer the question of whether the chi63
gene homologue was present in the genome of S. saraceticus
N45, Southern blot analysis was performed using a 460 bp
amplified chi63 specific DNA fragment as a probe.  As shown
in Fig. 3, this probe detected signals in all five species of
Streptomyces, indicating the presence of the chi63 gene se-
quence in their genome.  The observed size polymorphisms
suggested diversity of this chi63 gene among different spe-
cies of Streptomyces.  In addition, a much weaker signal was
observed in S. saraceticus N45 (Fig. 3, lanes 1 and 2) than in
other species of Streptomyces (Fig. 3, lanes 3 and 10).  This
result suggested that the low sequence homology of the chi63
gene between S. saraceticus N45 and S. plicatus or S. parvulus

Table 1.  Oligonucleotide Primers Used for PCR Analysis

Primer pairs Origin of primer Sequence (5' to 3') PCR product Reference

For PAPD-PCR several bands
L1T (sense) PAPD primer GTTGGCGGGTGTCGGGGCTGGCTT this study

For clone-655 655 bp
S2 (sense) chi63/chiC primer AACGACTATCCAGCGGAAATTCTGA Fujii and Miyashita (1992)
AS2 (antisense) chi63/chiC primer CGTCCGGTACGGCTGGGTGCGGGCA Robbins et al. (1992)

For clone-655 nest 510 bp
N655-1 (sense) nest primer ACTGGACCACGCCGAGTCTGCCGGA this study
N655-2 (antisense) nest primer AGAAGGCATACGGCGTCTGAGTGAG this study

For clone-523 nest 470 bp
N523-1 (sense) nest primer CACTGTGATTCCCCGCTGTTCCCCG this study
N523-2 (antisense) nest primer TAACTTGGTCACTCGGAAACCTTCA this study

For clone-417 nest 350 bp
N417-1 (sense) nest primer TCGGGTCGTCGTGACCGTACGCG this study
N417-2 (antisense) nest primer TCCACATCTCCGAGCAGTTCGAG this study
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may be responsible for the difficulty in amplifying a chi63
fragment from S. saraceticus N45 in PCR reaction.  Although
it was not the sequence for the chi63 gene, DNA from this
655 bp PCR fragment was cloned and named clone-655.  Nest
primers were then designed for clone-655 (Table 1) and used
for further detection of S. saraceticus N45 by means of PCR
amplification.

2. RAPD Pattern for S. saraceticus N45 Is Distinct
from Other Bacteria

In order to isolate more DNA fragments for specific
detection of S. saraceticus N45, the RAPD-PCR strategy was
used.  A randomly synthesized 24-mer primer L1T was cho-
sen to amplify random DNA fragments through PCR reaction
in this experiment (Table 1).  As shown in Fig. 4, random
DNA fragments were amplified from total genomic DNA of
all the species tested.  As expected, the RAPD patterns were
clearly different among the species, and each species gener-
ated unique patterns of DNA fragments amplified with the
L1T primer.  The results revealed that the pattern of S. sarace-
ticus N45 (lane 1) is not only distinct from those of other
species, such as E. coli (lane 6) and A. tumefaciens (lane 7),
but also has nothing in common at all with other species of
Streptomyces (lanes 2 to 5).  Fewer bands were produced in
species of Streptomyces than in other species of bacteria.  For
example, only two major bands were produced in S. sara-
ceticus N45 (lane 1), and only 4 and 3 major bands were pro-
duced in S. plicatus (lane 2) and S. coerulescens (lane 5),
respectively, whereas more than 10 bands were observed in

Fig. 1. The detection of chitinase activity from S. saraceticus N45.  S. sara-
ceticus N45 (A) were grown on YM agar medium without any chitin
at 28°C for 7 days. Mycelium were observed on this solid medium.
S. saraceticus N45 (B), S. parvulus (C) and S. plicatus (D) were
grown on CM agar medium containing chitin at 28°C for 5 days.
Clear zones were observed around the colonies, indicating the ability
for these three species to degrade chitin.

Fig. 2. PCR amplification of chi63 gene specific DNA fragments from S.
plicatus, S. parvulus and S. saraceticus N45. Primers S2 and AS2
were specific primers derived from S. plicatus chi63 and S. lividans
chiC genes. The amplified products were analyzed on 1.5% agarose
gel. A 460 bp DNA fragment was amplified from both S. parvulus
and S. plicatus. For S. saraceticus N45, a 655 bp DNA fragment was
amplified. M, 1-kb ladder DNA markers.

Fig. 3. The Chitinase 63 (chi63) gene is highly conserved in the genus of
Streptomyces. Two µg genomic DNA from 5 different species of
Streptomyces were digested with either SalI or XhoI and hybridized
with a 32P-labeled 460 bp DNA fragment specific for chi63 gene for
highly stringent hybridization. M, 1-kb ladder DNA markers. Lanes
1 and 2, S. saraceticus N45; lanes 3 and 4, S. parvulus; lanes 5 and 6,
S. plicatus; lanes 7 and 8, S. omiyaensis; and lanes 9 and 10, S.
coerulescens. Lanes 1, 3, 5, 7, 9, SalI digested DNA; lanes 2, 4, 6, 8,
10, XhoI digested DNA.
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E. coli (lane 6), A. tumefaciens (lane 7) and R. solanacearum
(lane 8).  Two major bands (417 and 523 bp) produced in S.
saraceticus N45 were further characterized.  DNA from these
two bands were cloned and sequenced, and named clone-417
and clone-523, respectively.  DNA sequences for both clones
showed no obvious homology to any gene or sequence re-
ported.  Nest primers were then designed for each clone and
used for further detection of S. saraceticus N45 by means of
PCR amplification.

3. Nest Primers Generated PCR Fragments Specific
for S. saraceticus N45

Based on DNA sequences, specific nest primers were
derived from both terminal ends of clone-655, clone-417 and
clone-523 (Table 1), and used for PCR reaction.  As shown in
Fig. 5(A), an expected 510 bp DNA fragment was amplified
specifically from the S. saraceticus N45 genome using prim-
ers N655-1 and N655-2, which are specific nest primers for
clone-655.  No bands were amplified from other species of
Streptomyces nor from other bacteria or plant species tested.
Primers N523-1 and N523-2, which are specific nest primers
designed for clone-523 (Table 1) were able to amplify a 470
bp DNA fragment (Fig. 5(B)).  This fragment was specific for
S. saraceticus N45 and was not amplified from all the other
species tested.  Similar to the two fragments described above,
a 350 bp DNA fragment was also amplified specifically from
S. saraceticus N45 genome (Fig. 5(C)) using primers N417-1
and N417-2, which are nest primers for clone-417 (Table 1).

Fig. 4. Patterns of DNA fragments generated using the RAPD primer L1T
from different bacteria and plant species. Total genomic DNAs were
used as templates for amplification. The amplified products were
analyzed on 1% agarose gel. M, 1-kb ladder DNA markers.  Lanes 1
to 5: S. saraceticus N45, S. plicalus, S. parvulus, S. omiyaensis, and
S. coerulescens, respectively. Lane 6, E. coli (DH10B); lane 7, A. tu-
mefaciens (LBA4404); lane 8, R. solanacearum (Ps95); lane 9, A.
thaliana (S96). The RAPD patterns are clearly different in various
species, and the pattern of S. saraceticus N45 was distinct from those
of other species of Streptomyces. Two bands (417 and 523 bp)
indicated by arrows in lane 1 were used to further characterize S.
saraceticus N45.

No bands were amplified from other species tested.  To exam-
ine the feasibility for these three nest primer pairs in the de-
tection of S. saraceticus N45, DNA isolated from either broth-
grown or agar-grown mycelia and spores were used as tem-
plates in PCR reaction.  As shown in Fig. 5(D), DNA bands of
expected sizes were amplified from both broth-grown and agar-
grown S. saraceticus N45 for all three nest primer pairs (lanes
l to 6).  To examine the coexistence of these three bands, two
or three nest primer pairs were used in the same PCR reactions.
The results indicated that two or three expected bands were
amplified by any combination of two nest primer pairs or
mixture of all three nest primer pairs, respectively (Fig. 5(D),
lanes 7 to 10).  To test the sensitivity for these three nest primer
pairs, a series of dilutions of S. saraceticus N45 cells were
used directly in PCR reaction.  As shown in Fig. 5(E), three
expected bands were amplified by approximately as few as
50 cells of S. saraceticus N45 (lane 3) using the mixture of all
three nest primer pairs.  These three nest primer pairs, therefore,
can potentially be used for specific detection of S. saraceticus
N45 by means of PCR reactions.

4. Southern Analysis Revealed Specific Detection of
S. saraceticus N45 Using PCR Fragments as Probes

To further characterize these three PCR fragments,
Southern blot analysis was performed.  In this experiment,
PCR products amplified using nest primers derived from the
three clones (Fig. 5) were 32P-labeled and used as probes.  As
shown in Fig. 6(A), two clear bands (1 kb and 0.5 kb) were
specifically observed in SalI digested S. saraceticus N45 ge-
nomic DNA (lane 1) when clone-655 DNA was used as a
probe.  This result indicated that the clone-655 sequence is
present as a single copy in the S. saraceticus N45 genome.
No signals were detected in other species of Streptomyces or
in other bacteria or plant species tested.  Clone-417 revealed a
strong band (> 12 kb) in BamHI digested S. saraceticus N45
genomic DNA (Fig. 6(B), lane 1).  This result indicated that
DNA sequence in clone-417 is also present as a single copy in
the genome.  Similar to the result obtained from clone-655,
the probe derived from clone-417 revealed no signals at all in
other species of Streptomyces or in other bacteria and plant
species tested (Fig. 6(B), lanes 2 – 9).  The probe derived
from clone-523 revealed a strong 12 kb band and two rela-
tively weak bands (4 and 0.5 kb) in BamHI digested S. sara-
ceticus N45 genomic DNA (Fig. 6(C), lane 1), indicating that
its DNA sequence exists as a single copy or as a few copies in
the genome.  This probe also revealed signals in some but not
all other species of Streptomyces.  For example, two bands
(12 and 4 kb) were also observed in S. plicatus (lane 2) and S.
coerulescens (lane 5) although in relatively weaker intensity,
whereas no signals were detected in S. parvulus (lane 3) or S.
omiyaensis (lane 4).  The results also showed that the probe
derived from clone-523 did not generate any signals in other
bacteria or plant species tested.  These data indicate that clone-
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655 and clone-417 are more specific than clone-523 for the
detection of S. saraceticus N45 by means of Southern analysis.

IV. Discussion

The strain of S. saraceticus N45 degraded chitin
efficiently.  In an attempt to clone chitinase genes from this
strain for use in biological control in the future, we investi-
gated the molecular characteristics of this strain.  Three DNA
fragments, generated using PCR-based strategies, were iden-
tified as being able to specifically detect S. saraceticus N45
in a sensitive and rapid manner.  Among these three, two frag-
ments (clone-417 and clone-523) isolated from RAPD-PCR
showed no obvious sequence homology to any known se-
quences and are, therefore, not likely to be able to encode any
functional genes.  Nest primer pairs derived from these two
fragments amplified single band from S. saraceticus N45 only,
indicated that they were S. saraceticus N45 specific.  This

specificity was further confirmed by means of Southern
analysis.  These two pairs of nest primers and their amplified
products can, therefore, be used as diagnostic primers and
probes, respectively.  Since the primer L1T used in this RAPD
analysis was randomly synthesized oligonucleotide, the re-
sult obtained here clearly demonstrates that RAPD is a simple
and fast way to generate specific DNA fingerprinting for a
given species.

The third DNA fragment (clone-655) was accidentally
generated in this study using chi63/chiC specific primers.  Al-
though it was not the expected partial sequence of chi63 and
chiC genes or another known sequence, it was successfully
developed as a diagnostic marker to distinguish S. saraceticus
N45 from other species of Streptomyces.  Since all three spe-
cific PCR fragments can be amplified from various DNA
sources (broth- and agar-grown bacteria) of S. saraceticus N45,
and since the coexistence of these three PCR fragments can
be detected in a single PCR reaction in the presence of only

Fig. 5. Specific bands were amplified from genomic DNA of S. saraceticus N45 using nest primers derived from both ends of three different clones. (A) Primers
N655-1 and N655-2 were specific nest primers derived from a 655 bp PCR fragment generated from S. saraceticus N45 (Fig. 2). A 510 bp DNA fragment
was amplified specifically from the S. saraceticus N45 genome. No products were amplified from other species tested. (B) Primers N523-1 and N523-
2 were specific nest primers derived from a 523 bp RAPD fragment generated from S. saraceticus N45 (Fig. 4). A 470 bp DNA fragment was amplified
specifically from the S. saraceticus N45 genome. No products were amplified from other species tested. (C) Primers N417-1 and N417-2 were specific
nest primers derived from a 417 bp RAPD fragment generated from S. saraceticus N45 (Fig. 4). A 350 bp DNA fragment was amplified specifically
from the S. saraceticus N45 genome. No products were amplified from other species tested. (D) DNA bands of expected sizes were amplified from both
broth-grown or agar-grown S. saraceticus N45 for all three primer pairs (lanes 1 to 6). In addition, two or three bands coexisted after PCR reactions
conducted using combinations of two or three primer pairs (lanes 7 to 10). (E) Three bands coexisted after PCR reactions conducted using combinations
of three primer pairs and approximately 5 × 103 (lane l), 5 × 102 (lane 2) or 5 × 101 (lane 3) cells of S. saraceticus N45 directly. No products could be
amplified when the number of cells was 5 × 100 (lane 4).

Notes: (1) The PCR products were analyzed on 1.5% (for A, B, and C) or 2% (for D and E) agarose gel. (2) For (A) to (C), M, 1-kb ladder DNA markers. Lanes
1 to 5: S. saraceticus N45, S. plicatus, S. parvulus, S. omiyaensis and S. coerulescens, respectively. Lane 6, E. coli (DH10B); lane 7, A. tumefaciens
(LBA4404); lane 8, R. solanacearum (Ps95); lane 9, B. subtilis; lane 10, X. campestris pv. campestris; and lane 11, A. thaliana (S96). (3) For (D), M,
1-kb ladder DNA markers. Lanes 1 and 2, primers N655-1 and N655-2 were used; lanes 3 and 4, primers N523-1 and N523-2 were used; lanes 5 and
6, primers N417-1 and N417-2 were used; lane 7, primers N655-1, N655-2, N523-1 and N523-2 were used; lane 8, primers N523-1, N523-2, N417-
1 and N417-2 were used; lane 9, primers N655-l, N655-2, N417-1 and N417-2 were used; lane 10, all six primers were used. Lanes 1, 3, 5, 7, 8, 9 and
10: DNA from broth-grown S. saraceticus N45. Lanes 2, 4, and 6: DNA from agar-grown S. saraceticus N45.
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50 cells of S. saraceticus N45, these three nest primer pairs
are, therefore, considered very reliable for use as markers for
the identification of S. saraceticus N45.

The inability to amplify a chi63-specific fragment from
S. saraceticus N45 possibly reflects low sequence homology
of the chi63 gene between S. saraceticus N45 and S. plicatus
in which the primers were designed.  This assumption was
supported by Southern analysis, in which the signal for the
chi63 gene was much weaker in S. saraceticus N45 than in
other species of Streptomyces (Fig. 3).  This observation sug-
gests that screening of the genomic DNA library from S.
saraceticus N45 to clone the homologue of the chi63 gene
may be a method that is better than the PCR-based cloning
strategies.

The strengths and the patterns of the signals obtained
from Southern analysis may reveal the possible phylogenetic
relationships among the five species of Streptomyces tested
in this study.  The weakest signal for the chi63 gene was de-
tected in S. saraceticus N45, whereas signals of relatively
higher intensity were observed in the other four species (Fig.
3).  This result reveals that these four species may be closer to
each other than to S. saraceticus N45.  This assumption was
supported by the Southern analysis, in which no signals were
detected in the other four species when the probes from two
of the three PCR clones were used (clone-655 and clone-417)
(Figs. 6(A) and (B)).  When the probe from clone-523 was
used, similar signals and patterns for S. saraceticus N45 were
detected in S. plicatus and S. coerulescens, but not in S. par-
vulus or S. omiyaensis (Fig. 6(C)).  These data suggest that S.
plicatus and S. coerulescens may be relatively closer to S.
saraceticus N45.  This assumption was supported by the pat-
terns obtained through Southern analysis for the chi63 gene,
in which only one major band was detected in S. saraceticus
N45, S. plicatus and S. coerulescens, whereas two major bands
were observed in S. parvulus and S. omiyaensis in both en-
zyme digestions (Fig. 3).  To further investigate the phyloge-
netic relationships among these species of Streptomyces in
detail, generation and analysis of more PCR-based DNA frag-
ments is needed, and efforts are underway in pursuit of this
goal.
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