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ARTICLE INFO ABSTRACT

Keywords: Objectives: Genetic manipulation tools are essential for elucidating the pathogenic mechanisms of microorgan-
Actinomyces isms. Several species of Actinomyces, including A. israelii, are present in the oral cavity and they are the causative
Plasmid agents of actinomycosis. However, efficient gene-editing tools for these species have not yet been developed. In
i‘;;lfi:;;?;n this study, the aim was to evaluate the introduction of foreign genes into Actinomyces using plasmids derived

from Mycobacterium, which belong to the same class as Actinomycetes.

Methods: A truncated derivative of pYT923, pYT923S, which contains the replication origin of the M. scrof-
ulaceum plasmid pMSC262 was constructed and introduced into A. israelii by electrotransformation.

Results: pYT923S was successfully introduced into A. israelii. The transformation efficiency of A. israelii was
approximately 7-66 CFU/pg of DNA, and all transformed colonies harbored pYT923S. The plasmid recovered
from A. israelii replicated in Escherichia coli.

Conclusions: pYT923S was introduced into and maintained within A. israelii. Therefore, the pYT923S vector
represents a useful genetic tool for Actinomyces and it is expected to facilitate future studies on the biology and
pathogenicity of Actinomyces.

1. Introduction

Actinomycetes are among the major constituents of the oral micro-
biota and are classified as Gram-positive, rod-shaped bacteria. Actino-
mycetes include Streptomycetales, Mycobacteriales and Actinomycetales
[1]. Actinomyces species have been detected in the oral cavity of infants
as early as 2 months after birth, suggesting that they contribute to the
establishment of the oral microbiota at an early stage of life [2,3].
Within supragingival and subgingival biofilms, Actinomyces species
participate in the early stages of microbial colonization [4,5].

In addition to their commensal role, Actinomyces species are major
causative agents of cervicofacial actinomycosis in the head and neck
region [6]. Actinomycosis is characterized by granulomatous and

suppurative abscesses formation, subsequently progressing to multiple
abscesses with sinus tract formation [6]. Actinomyces israelii is a repre-
sentative pathogen that produces characteristic brown sulfur granules
(also known as druses or bacterial colonies) [7]. Thus, Actinomyces
species exhibit a broad biological spectrum in the oral cavity, contrib-
uting to normal microbiota formation and exhibiting pathogenic po-
tential [8]. However, to our knowledge, no established virulence factor
has been reported in A. israelii.

However, functional genomic analysis of genes in oral Actinomyces
species remains largely unexplored, partly because of the lack of stable
and efficient genetic tools for these organisms. Genetic engineering
tools, such as the generation of gene deletion mutants and comple-
mentation strains, are essential to elucidate the pathogenicity and
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physiological characteristics of microorganisms. Although analyses
using gene deletion mutants have been conducted in Actinomyces, there
are very few reports on the construction of complementation strains
[9-11].

In this study, we focused on pYT923, a shuttle vector constructed by
inserting a fragment containing the replication region derived from
pMSC262 of Mycobacterium scrofulaceum, a member of the same class
Actinomycetes, into the Escherichia coli plasmid pACYC177 [12]. We
generated a modified plasmid, pYT923S, capable of introducing foreign
genes into A. israelii through genome editing of pYT923. Thus, pYT923S
is a promising genetic tool for elucidating the pathogenic mechanisms
and biological functions of A. israelii.

2. Materials and methods
2.1. Bacterial strains and growth conditions

E. coli DH5a was cultured aerobically in Luria-Bertani (LB) medium
(Nacalai Tesque, Kyoto, Japan) at 37 °C. The A. israelli strain JCM12964
(RIKEN BioResource Research Center [BRC], Tsukuba, Japan) was
cultured in BHIY consisting of 37 g/L Brain Heart Infusion (BHI) (BD,
Franklin Lakes, NJ, USA), 0.5 g/L yeast extract (BD), and 0.5 % Tween
80 under anaerobic conditions. For A. naeslundii strain JCM8349 (RIKEN
BRC), BHIY was used, except for Tween 80. Solid cultures were grown
anaerobically on BHIY agar. Anaerobic conditions were maintained
using AnaeroPack (Mitsubishi Gas Chemical Company, Tokyo, Japan) at
37 °C. When required, antibiotics were added at the following final
concentrations: carbenicillin, 50 pg/mL; kanamycin (Km), 50 pg/mL.

2.2. DNA manipulation

Standard techniques were used for DNA manipulation unless other-
wise indicated.

2.3. Plasmid construction

The pYT923 plasmid was kindly provided by Professor Hatsumi
Taniguchi (University of Occupational and Environmental Health,
Kitakyushu, Japan) [12]. pYT923S was constructed by digesting pYT923
with Hincll and self-ligation to reduce the size of the plasmid.

2.4. Electrotransformation of Actinomyces cells with plasmid DNA

Actinomyces strains were anaerobically grown at 37 °C in BHIY
medium overnight and kept on ice for 10 min. Cells were harvested,
washed once with 20 mL of EP buffer consisting of 272 mM mannitol, 2
mM sodium phosphate buffer (pH 7.1), and 0.05 % Tween 80, and
resuspended in the EP buffer to adjust the OD600 to 2.0. Aliquots (100
pL) of competent cells were mixed with 5 pg of plasmid DNA and
incubated on ice for 30 min. The mixtures were then transferred into
electroporation cuvettes (inter-electrode distance of 1 mm) (Nepa Gene,
Chiba, Japan), which were electrically pulsed using a Gene Pulser II
(BioRad, Hercules, CA, USA). Immediately after the electric pulse, 1 mL
of BHIY was added to each sample and incubated anaerobically at 37 °C
for 12 h. Cultures were spread onto BHIY agar plates containing Km.
Electroporation of Actinomyces strains was performed once under the
following conditions: 1700 V, 25 pF, and 600 Q, with a bacterial cell
number of 5.2 x 10’ colony-forming unit (CFU). Transformation effi-
ciency was calculated based on the number of colonies on the agar
plates.

2.5. Polymerase chain reaction (PCR)
A. israelii colonies were suspended in 30 pL sterile water, and incu-

bated for 15 min at 98 °C. After brief centrifuging, 5 pL were used for
PCR. The PCR primers YT1 (5-CGAGGGCCATGAACGCTTCAC-3,
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positions 2,820 to 2,840) and YT2 (5-AAGGTGGAGGAAGGTGATGTC-
3/, positions 3,096 to 3,116), specific for pYT923S (Supplemental ma-
terial 1), and PrimeSTAR GXL DNA polymerase (Takara Bio, Shiga,
Japan) were used in this study. PCR consisted of 1 cycle of denaturation
(98 °C, 20 s) followed by 30 cycles of amplification consisting of dena-
turation (98 °C, 10 s), annealing (58 °C, 15 s), and primer extension
(68 °C, 1 min). The total volume of reaction mix was 20 pL. The pre-
dicted size of PCR product is 297 bp. After PCR reaction, 5 pL samples
were loaded on 1 % agarose gel.

2.6. plasmid retention rate

To calculate the plasmid retention rate, 20 colonies from each plate
were randomly selected and tested by PCR using YT1 and YT2 primers.
The percentage of PCR-positive clones was defined as the plasmid
retention rate.

2.7. DNA extraction from Actinomyces

A. israelii was suspended in 200 pL of TE buffer (10 mM Tris-HCI, 1
mM EDTA, pH 8.0). Two hundred microliters of phenol/chloroform/
isoamyl alcohol (25:24:1) was added to the suspension and gently mixed
for 30 min, followed by centrifugation at 15,000 rpm for 15 min at 4 °C.
The aqueous layer was transferred to a fresh tube, and one-tenth the
volume of 3 M sodium acetate and 2.5 vol of ethanol were added. After
incubation at 4 °C for 1 h, the solution was centrifuged at 15,000 rpm for
15 min at 4 °C. The DNA pellet was washed with 70 % ethanol and
resuspended in 20 pL TE buffer.

3. Results

The plasmid pYT923S was successfully constructed by digesting
pYT923 with Hincll, containing the replication origin of pMSC262, the
replication origin of E. coli plasmid p15A, and the Km resistance gene
(Fig. 1A and B). Therefore, Km was used as the selection marker in
subsequent experiments. The entire pYT923S sequence is shown in
Supplemental material 1.

pYT193S plasmid was successfully introduced into A. israelii cells by
electrotransformation, with a transformation efficiency of approxi-
mately 7-66 CFU/pg of DNA. Colonies that recovered from Km-
containing plates (Fig. 2A) were analyzed using PCR with primers spe-
cific for pYT923S (Fig. 2B), and the plasmid retention rate was calcu-
lated. The average retention rate was 96.7 %, with a standard deviation
of 2.9 %, indicating stable maintenance of pYT923S within A. israelii.

Furthermore, when plasmid DNA extracted from A. israelii was used
to transform E. coli, colonies were obtained on LB agar plates containing
Km. Plasmid DNA extracted from these E. coli colonies confirmed the
presence of pYT923S (Supplemental material 2), demonstrating that
pYT923S can be introduced into A. israelii and replicate within this
species. Similarly, pYT923S was successfully introduced into
A. naeslundii (Supplemental material 3) with a transformation efficacy of
approximately 20-30 CFU/pg DNA, and replication within this species
was confirmed using the same E. coli-based method (data not shown).
These results indicate that pYT923S can be introduced into at least two
Actinomyces species and stably replicate within them.

4. Discussion

The transformation of Actinomyces species has long been considered
technically challenging because circular plasmid DNA cannot be
detected using the Anderson and McKay plasmid enrichment method
[13]. Among the known vectors, pJRD215 is the only plasmid reported
to enable the transformation of oral Actinomyces, such as A. naeslundii
and A. viscosus by electroporation [10]. pJRD215 is a wide-host-range
conjugative cosmid vector for Gram-negative bacteria that possesses a
single replication origin [14].
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Fig. 1. A: Construction of shuttle plasmid pYT923S by digesting pYT923 using HincIl. The double arrow indicates the region lost in pYT923S. KmR, kanamycin
resistance gene; p15A Ori, replication origin of E. coli plasmid p15A; pMSC262 Ori, replication origin of M. scrofulaceum plasmid pMSC262. B: Restriction enzyme
digestion pattern of pYT923S. Two hundred ng of pYT923S was digested with HindIII, Pstl, and Xhol.

Both Actinomyces species previously transformed with pJRD215 are
considered non-pathogenic oral commensals. In contrast, pYT923S was
successfully introduced into A. israelii, an etiological agent of cervico-
facial actinomycosis. Moreover, pYT923S has two origins of vegetative
replication, one of which is derived from Mycobacterium, a member of
the class Actinomycetes. These findings suggest that pYT923S is a
promising candidate vector for the genetic manipulation of Actinomyces
species. In BHIY medium, A. naeslundii did not aggregate, whereas
A. israelii aggregated under the same conditions. The addition of 0.5 %
Tween 80 enhanced the dispersion of A. israelii without causing signif-
icant cell lysis (data not shown). Consequently, all subsequent experi-
ments, including cultivation and transformation of A. israelii, were
performed in the presence of 0.5 % Tween 80.

However, unlike the pYT923S, which could not perform the con-
jugative transfer, in contrast to pJRD215, the transformation efficiency
of A. israelii with pYT923S remained relatively low. Additionally, in
A. israelii, the number of transformant colonies varied greatly among the
plates. This variation was likely due to the incomplete dispersion of cell

aggregates at the current concentration of Tween 80. Improving the
dispersion of A. israelii cells and enhancing DNA uptake efficiency are
important for establishing efficient transformation and vector systems in
A. israelii.

The successful introduction of foreign DNA into A. israelii by elec-
troporation not only demonstrates the feasibility of heterologous gene
expression and the potential for genetic manipulation, including chro-
mosomal gene disruption. This may facilitate the identification and
functional analysis of pathogenic factors in this bacterium.

5. Conclusion

The shuttle vector plasmid pYT923S was successfully introduced into
A. israelii. Therefore, the pYT923S vector represents a useful genetic tool
for Actinomyces and is expected to facilitate future studies on Actino-
myces biology and pathogenicity.
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Fig. 2. A: Colonies of A. israelii JCM12964 transformed with pYT923S on BHIY plates containing 50 pg/mL kanamycin. a), without any plasmid; b), containing
pYT923S. B: Detection of pYT923S in pYT923S-transformant using PCR. Six colonies were randomly selected from the pYT923S-transformants and subjected to PCR
using primers specific to the pYT923S sequence. i1-i6 are pYT923S-transformants. (C) is A. israelii JCM12964.
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Supplementary material 1. The entire nucleotide sequence of pYT923S (5,665 bp).
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CTGCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTT
CCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCT
CGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTC
GCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACA
CGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCT
CACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATT
TAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGA
CCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCTTAATAAGATGAT
CTTCTTGAGATCGTTTTGGTCTGCGCGTAATCTCTTGCTCTGAAAACGAAAAAACCGCCT
TGCAGGGCGGTTTTTCGAAGGTTCTCTGAGCTACCAACTCTTTGAACCGAGGTAACTGGC
TTGGAGGAGCGCAGTCACCAAAACTTGTCCTTTCAGTTTAGCCTTAACCGGCGCATGACT
TCAAGACTAACTCCTCTAAATCAATTACCAGTGGCTGCTGCCAGTGGTGCTTTTGCATGT
CTTTCCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGACTGAACG
GGGGGTTCGTGCATACAGTCCAGCTTGGAGCGAACTGCCTACCCGGAACTGAGTGTCAGG
CGTGGAATGAGACAAACGCGGCCATAACAGCGGAATGACACCGGTAAACCGAAAGGCAGG
AACAGGAGAGCGCACGAGGGAGCCGCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGT
CGGGTTTCGCCACCACTGATTTGAGCGTCAGATTTCGTGATGCTTGTCAGGGGGGCGGAG
CCTATGGAAAAACGGCTTTGCCGCGGCCCTCTCACTTCCCTGTTAAGTATCTTCCTGGCA
TCTTCCAGGAAATCTCCGCCCCGTTCGTAAGCCATTTCCGCTCGCCGCAGTCGAACGACC
GAGCGTAGCGAGTCAGTGAGCGAGGAAGCGGAATATATCCTGTATCACATATTCTGCTGA
CGCACCGGTGCAGCCTTTTTTCTCCTGCCACATGAAGCACTTCACTGACACCCTCATCAG
TGCCAACATAGTAAGCCAGTATACACTCCGCTAGCGCTGAGGTCTGCCTCGTGAAGAAGG
TGTTGCTGACTCATACCAGGCCTGAATCGCCCCATCATCCAGCCAGAAAGTGAGGGAGCC
ACGGTTGATGAGAGCTTTGTTGTAGGTGGACCAGTTGGTGATTTTGAACTTTTGCTTTGC
CACGGAACGGTCTGCGTTGTCGGGAAGATGCGTGATCTGATCCTTCAACTCAGCAAAAGT
TCGATTTATTCAACAAAGCCACGTTGTGTCTCAAAATCTCTGATGTTACATTGCACAAGA
TAAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAGTAATACAAGGGG
TGTTATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACAT
GGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGAC
AATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGG
TAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTAT
GCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCAC
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TGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGAAAA
TATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTG
TCCTTTTAACAGCGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGG
TTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTG
GAAAGAAATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTT
CTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACG
AGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTT
TTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAA
TAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCAGAATTGGTTAATTGGTT
GTAACACTGGCAGAGCATTACGCTGACTTGACGGGACGGCGGCTTTGTTGAATAAATCGA
ACTTTTGCTGAGTTGAAGGATCAGATCACGCATCTTCCCGACAACGCAGACCGTTCCGTG
GCAAAGCAAAAGTTCAAAATCACCAACTGGTCCACCTACAACAAAGCTCTCATCAACCGT
GGCTCCCTCACTTTCTGGCTGGATGATGGGGCGATTCAGGCCTGGTATGAGTCAGCAACA
CCTTCTTCACGAGGCAGACCTCAGCGCTCAAAGATGCAGGGGTAAAAGCTAACCGCATCT
TTACCGACAAGGCATCCGGCAGTTCAACAGATCGGGAAGGGCTGGATTTGCTGAGGATGA
AGGTGGAGGAAGGTGATGTCATTCTGGTGAAGAAGCTCGACCGTCTTGGCCGCGACACCG
CCGACATGATCCAACTGATAAAAGAGTTTGATGCTCAGGGTGTAGCGGTTCGGTTTATTG
ACGACGGGATCAGTACCGACGGTGATATGGGGCAAATGGTGGTCACCATCCTGTCGGCTG
TGGCACAGGCTGAACGCCGGAGGATCTGCGCCCGCACATCTTCGGCGTCCACAAGGTCCA
ACACGGCCTGCTCTTCGTGGAGGAACACCCCGAGGGTGAAGCGTTCATGGCCCTCGCGTT
GAGGCGCGGCCCGCGCCGCGGTGACCCGCATTCCCAGCGCGTCGACGAGTTGTCCGCTGA
GCTGGCGCCGGCGGACCGGCGCGCCCTACGCGACGTCATCGCCAACAGCGTCTTAGAGGG
CCACCACCCCACCGCCGGCGAGATCACCAATCTGGTCGCGTTCGCGGCCGGAAAGATCAG
CATGGCCGACTACCTCACCCACGCCACCCACGCCGCCAAGCCGGGCGCTGCTAAGCGCAG
CTAACAATCAAGCTTCGGGAAGAAGGTTAGGGCGGCTACCGAAGCGCAGTGGGCATCCGC
CGGTGGCGCCATCCAGCGCACCCAGATACGTCACCGTGACCCAGGTTGGGCACCGCTTCG
CGGGTCGATGATGGGAACATCACGCCAGCCCGCACGAAGCGGAGAACCGATGAGCGTCGA
GGCGAAGGTGACCGAGCTGCTGGTGCGCCGCGCCCAGCCCGGTGGGGAACGGGTGCTCGA
CTGGCTGGTGTACGGGACACCGCTGCCGCGGCTGCCGCGCCTCGACGTGATGTGCTGCGA
TCAGCGCGACTGGCCGGGCCTCGGCGGCGACGGGCTCGACAACCACTAGCCCAGLGGLCC
CGGCCCGCGCCGATGCGTGCGGGECCGCGGCCACCGCGEGCCGCGCGCTGTGCGGCCTCTTC
GGCGACGACGTGAGTGCGTTTGTGCGCGCCGCGGCGLCGCCGCCTCGGCTGCGACCGLCCCG
CGCCGCGGCATGCCCAGGTCCGCTCAGCGCGGCGCGGCCCGCEGECECGEGCGCGCTCATG
CTCCCCGTGTGCGGCGCGLCTGCGCGGCCAGGTGCGCGCGGETGTGCGGCACGCTCGGCGAL
CTCGCGCGCCTCATCCAGGGCGGCCGGACGCTCGGCCAAGTGCTCGCGGCCATGCCAGGL
CAGCATCGCGCCCAGCAGTCCGATCGGCTTGTGCGGGTGATCGGGGATGCGCCGGCCEGT
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CACCGCGGCCCAGTCGGTAATGAGCGCGTTGAGATCGCGCGGCGTCCAGCCATACGCGGL
CGGCCCGGCCAACAGCGCCGCCCAAGCTCCAGCGGTGTGCCGGCGLCGCCCACGGLGGEGL
GTGCGCAGCGGCGCGCCAGGCCCGCGCCAGCGCCAACCCCCCGCCATCGGGTGCTCGGCG
GCGCACAGCGCCGCCLCTGCCGGCGGCCCGCAGGGCCACCGGCGCCGGTAGTAACCACGTC
TTTACCGGAAGGTTGATCCCTTACGGGACCGCTTCGCGGGTGGGGTGACAGCCGCTGCAC
AAACCGGGCCAGCTGCGGATTGTCGTGCAGCGCCCACACCGACGCCCAACCGCGALCCGLG
GTCCCCCACCCGCCAGGACGCCAGCCGCTCCACCCGGGTGCGCTGCCGGCCACGCAGCACL
CTCAGTAGCCACCCCCAACAGCCGCAGCACAGTGTCAGCGCGCTGCACCGTACGCACCGA
GTAGCCGGTATCGGCCGCCAGCCGCTCATTAGACGGCCGACAGTTCCGCCCGGTGGCGETG
ATCGGCATAGCGGGCACGGGCCCGCGCGATCGCCAACAACGCTCGGCGGCTGATCGGGTT
ACCCGGCATCACCGGACGCACCTGCGCGTCGTAGCGGCAGTCATAGGCCACCGCAACCGT
CCACCTAGCCCACCGCTCAAGCCGCCCGGTCCAACACGGCACACCCGCATACGGGGLCTC
GCCGAGCTCGAGCACAATCGCCGCGACAGCCGCCGCCTCGGATCGCTGGCGGTGCTCATG
CTCGGCGGCCGCCAACCGCGCCGCCCACGGCCGCGTACACACCACACCACGACGLGGLCG
CAGCGAAGTGCAGCCGCGATACGGCGGGCAAGCAATTTCGGAAAAGTCACGGTGTTGCGC
GTCCTCTGGAACCTGAAACAGGTATGCGCTACCGTGAGACCTGCGATCCAAAGCAAGTCC
CTTCGGGGAAGCGGAAACCCTCGGCGGCCAGGCCGGGGGETTTCGCCGTTTATTGAGCTGT
CACATCTGCCCGGCGAAACGTTCAGCCAATGCGAGAGCCGGGCGGCTGCGGTCAGATCGL
CAGCGGCAACACCTCCCTGTCGTTTAGCTCACGGACTAGATCAGGACGGCCCACATGCTG
CGCAAGCACGTCGGCCGCGTACTGCGACATGCTCATGCCCAGCGCGGCCGCGCGTCGGLG
GACTTCGTCATAGACGGGCAGTGTTGGGCGAACACCGATCAGGACCCGGTCGCCCTTGTG
CGGTTGAGCCATAGAAAGATCCTTCCCCGCCGTAACTGTTATACGGCGACGACACGCCGT
TAGGCCGTGATGTTTTCGGGATCAAGCTGTACAACGCTCTTGAAATACCAGGGCCGCAGA
CGCCGGTGGCTTTCAGCAGCGCCGCGCCTTGCGCTCAGCTCGTCGGAGATTCTGGAGGCT
AGCCGGCGAGATAATCGAGTATCTGCCGGCGTAGTTCATCGCTGCTCGATTCGGTAAGAG
AGGCAAGCAGTTTCGGGCCATCGCCGTCACCGGTGGCGATGAGGCTAAGCAATAGGTGCT
CGGTGCCGATGTGGTCGTGGTTGAG

Location of features

replication origin of E. coli plasmid p15A: 471...1,297

kanamycin resistance gene CDS: 1,625...2,440

replication origin of M. scrofulaceum plasmid pMSC262: 3,375 ...5,655
primer YT1: 2,820...2,840

primer YT2: 3,096...3,116 (complement)
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Supplemental material 2. Restriction enzyme digestion pattern of pYT923S obtained from pYT923-
transformed A. israelii. DNA was extracted from pYT923-transformed A. israelif using the phenol
extraction method described in Materials and Methods. The extracted DNA was then transformed
into E. coli5a, and the colonies that appeared on Km-containing LB agar were cultured in LB medium
containing Km, and the plasmid was prepared. Two hundred ng of obtained plasmid was digested

HindIII, Pstl, and Xhol.
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Supplemental material 3. Detection of pYT923S in pYT923S-transformed A. naeslundii using PCR. A.
naeslundii JCM8349 was transformed with pYT923S and spread on BHIY plates containing 50 pg/mL
kanamycin. Six colonies that appeared on the plates were randomly selected and subjected to PCR using

primers specific to the pYT923S sequence. nl-n6 represent the pYT923S-transformants. (C) represents A.
naeslundii JCM8349.
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