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Abstract

Background: Lactobacillus plantarum is a widespread probiotic bacterium. Many plasmids from L. plantarum have been identified
to encode some important phenotypic traits including carbohydrate metabolism, bacteriocin synthesis, and exopolysaccharide
production.

Objectives: The aim of this study was to identify and characterize the native plasmids from L. plantarum BM4.

Methods: Lactobacillus plantarum BM4 was isolated from fermented meat in Guangxi Province, China, and characterized by 16S
rRNA sequence. Four plasmids were isolated from L. plantarum BM4, sequenced, and characterized by the bioinformatics method.
Moreover, the relative copy numbers of these plasmids were estimated using the droplet digital PCR method.

Results: Four plasmids, designated as pBM1, pBM2, pBM3, and pBM4, were isolated from L. plantarum BM4. By nucleotide sequencing,
pBM1, pBM2, pBM3, and pBM4 were characterized as having sizes of 6069 bp, 7042 bp, 8131 bp, and 8892 bp, and G+C contents of
37.5%, 36.7%, 36.4%, and 34.5%, respectively. Nucleotide sequence analysis revealed 8, 10, 10, and 10 putative open reading frames
(ORFs) for pBM1, pBM2, pBM3, and pBM4 plasmids, respectively. Based on sequence alignment, only pBM2 contained replication
protein RepB and rep3, which contained a putative repeat origin of replication segment, indicating that the pBM2 belongs to the
pUCL287 subfamily of theta-type replicons. Finally, the relative copy numbers of pBM1-4 were estimated to be 82, 24, 34, and 16,
copies, respectively.

Conclusions: Four novel plasmids were isolated from L. plantarum BM4 and characterized. These backbones can potentially be
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developed for use as a cloning or expressing vectors in biotechnology applications.
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. Background

Lactobacillus plantarum is widely used in starter cul-
tures in industrial food fermentation and it plays a benefi-
cial role in health as a probiotic bacterium (1, 2). Lactobacil-
lus plantarum species often harbor one or more natural
plasmids (3). Many important properties of L. plantarum,
such as resistance to phages, lactose catabolism, bacteri-
ocins, and exopolysaccharides, are encoded by their plas-
mids (4). With the development of biology and genetics,
characterization of the potential valuable tools of L. plan-
tarum plasmids has become a hot area of research in recent
years.

To date, many plasmids of L. plantarum have been se-
quenced, such as pLP9000 (9.3 kb) (5), pPB1 (2.9 kb) (6),
and pLKS (2.0 kb) (7), and the number of sequenced plas-
mids have been steadily increasing. At least three differ-
ent mechanisms of plasmid replication have been recog-
nized, namely theta type, strand displacement, and rolling
circle mode of replication (RCR), among which RCR is

widespread in bacterial plasmids (8). Bacterial plasmids
usually initiate replication by a plasmid-encoded protein,
generically termed Rep (9).

In general, initiation of RCR needs recognition of
the plasmid dso by the cognate Rep protein, involving
the synthesis of single-strand DNA (ssDNA) intermedi-
ates (10). Based on sequence similarity in the Rep pro-
tein and double-stranded origin (dso), RCR plasmids can
be grouped into several families, e.g., pTi81, pE194/pLS],
pC194/pUB110, pSN2, and pMV158 (11). The theta type plas-
mids contain the rep gene and a replicon that consists of
an origin of replication (ori) and an AT-rich region that
primarily involves repeats as well as a binding site (12).
Thetareplicons comprise three key components, which are
plasmid-encoded initiator Rep proteins, origins of repli-
cation, and host-encoded DNA polymerase I for nascent
strand DNA synthesis (13). The ori of these lactococcal repli-
cons consists of a set of short repeats (10 or 11 bp) and it is
finished by large repeats (20 or 22 bp) adjacent to the pro-
moter of the initiator gene (14). In addition, at least five
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classes of thetareplicons have been identified according to
the mechanism of initiation of DNA replication (15, 16).

2. Objectives

In this paper, four novel plasmids named pBM1, pBM1,
pBM1, and pBM4 were isolated from L. plantarum BM4. The
nucleotides of the four plasmids were sequenced and char-
acterized, and the copy numbers of the four plasmids in
the cell were determined by Droplet Digital PCR.

3. Methods

3.1. Bacterial Strains, Plasmids and Growth Conditions

The L. plantarum BM4 used in this study was isolated
from fermented meat in Guangxi Province, China. Lac-
tobacillus plantarum BM4 was cultured on Man-Rogosa-
Sharpe (MRS) medium (LuQiao, China)at37°C under anaer-
obic conditions. Escherichia coli DH5a was used as a cloning
host and cultured in Luria-Bertani (LB) medium (AoBoX-
ing, China) with vigorous shaking at 37°C. Plasmid pBlue-
script I SK (+) (Stratagene, USA) was used as a subcloning
vector for sequencing. When needed, ampicillin (at a final
concentration of 100 ug/mL) was added to the medium.

3.2.16S rRNA analysis of L. plantarum BM4

The genome DNA was isolated from L. plantarum BM4
using the TIANamp Bacteria DNA Kit (Tiangen, China) ac-
cording to the manufacturer’s instruction. The 16S rRNA
gene sequences were amplified from L. plantarum BM4 ge-
nomic DNA using PCR technique (Bio-Rad, USA) with uni-
versal primers 27F and 1492R (Table 1). The amplified frag-
mentwas subjected to agarose gel electrophoresis (1% w|v),
and sequenced (Sangon Biotech, China). The 16STDNA gene
sequences of Lactobacillus were collected from the Gen-
bank database. MEGA 4.0 was used to perform multiple se-
quence alignments using the ClustalW method (17).

3.3. Plasmid Sequencing and Analysis

The plasmids were isolated from L. plantarum BM4 by
the alkaline lysis method with a slight modification (18).
Briefly, cells were harvested after overnight culture by cen-
trifugation at 10,000 g for 5 minutes, and then washed in
TES buffer (50 mM Tris-Cl, 30 mM EDTA, 25% Sucrose, pH
8.0). Lysozyme was subsequently added at the final con-
centration of 50 mg.mL’, and the suspension was incu-
bated at 37°C for 1 hour. Plasmid DNA was isolated using a
TIANprep Mini Plasmid Kit (Tiangen, China). The extracted
total plasmid DNA was subjected to the 1% (w/|v) agarose
electrophoresis analysis.

Plasmid DNA isolated from L. plantarum BM4 and
pBluescript II SK (+) was digested by Kpnl Restriction en-
donuclease (RE) according to the supplier’s instructions
(Takara, China). The RE-digested plasmids were subse-
quently cloned into the pBluescript II SK (+) vector and
transformed into E. coli DH5a. Positive clone was selected
by Ampicillin agar (100 pg/mL). Plasmid DNA from positive
E. coli was isolated following the TIANprep Mini Plasmid
Kit according to the manufacturer’s instruction (Tiangen,
China). The inserted fragment was sequenced with T7 and
T3 promoter primers using Applied Biosystems Automated
Sequencer (Sangon Biotech, China), and the complete nu-
cleotide sequence was obtained through primer walking
method.

Open reading frames (ORF) were predicted by the ORF
finder program at the national center for biotechnology
information (NCBI) site and FGENESB program at the Soft-
berry site (http://linuxt.softberry.com/berry.phtml). Align-
ments of conserved protein domains were retrieved from
the conserved domain database (CDD) at the NCBI (19). The
DNASTAR software package was employed to detect direct
and inverted repeats. The promoter was predicted at the
Softberry site (http:/[linuxi.softberry.com/berry.phtml).

3.4. Copy Number Determination by Digital PCR

The L-lactate dehydrogenase gene (IdhL1) (Genbank:
NC_004567.2) in L. plantarum WCFS1, which was identified
asa chromosomally encoded single-copy gene, was used as
the reference gene. PCR primers used in digital PCR were
shown in Table 1. A single ddPCR reaction volume of 20
pL contained 10 pL 2x ddPCR supermix (Bio-Rad, USA), 2 L
primers (final concentration of 10 zM), 2 xL DNA template,
and 6 L ddH,0. Reaction mixtures were briefly mixed by
vortexing while avoiding the formation of bubbles, micro-
centrifuged for 20 sec, and then kept on ice until droplet
generation. Samples were converted into droplets with
the QX100 Droplet Digital PCR (ddPCR) system (Bio-Rad,
USA) according to the manufacturer’s instruction. Next,
the droplets were transferred from the droplet wells in the
DGS8 cartridges (Bio-Rad, USA) to a 96-well PCR plate and
sealed for 5 seconds with a heat sealer. After that, amplifica-
tion was performed in the CFX96 Touch Real-Time PCR De-
tection System (Bio-Rad) under the following cycling con-
ditions: 95°C for 6 minutes followed by 40 cycles of 95°C
for 15 seconds and 52°C for 45 seconds. After PCR, the plate
was loaded onto the QX100 Droplet Digital reader (Bio-Rad,
USA), which automatically reads the droplets from each
well of the plate.

3.5. Nucleotide Sequence Accession Number

Lactobacillus plantarum BM4 16S ribosomal DNA gene,
partial sequence has been deposited in GenBank under
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Table 1. Primers Used in This Study

Target Sequence (5’-3’) Amplification Size,

bp

27F: AGAGTTTGATC-

CTGGCTCAG
16S TRNA 1465

1492R: TACGGCTAC-
CTTGTTACGACTT

Idh-F: CACCGTCTTC-

TAACTTGGCT
IdhL1 152

1dh-R: TCCTCGTTC-
CGTTGATGC

PpBM1-F: TAGCAC-

GATTTTGACCAG
pMB1 116

PpBM1-R: CACCAAGC-
GAAACTAACG

PBM2-F: TCTTATTA-

GATGGGCTATTTG
pMB2 190

pBM2-R: GGATTATCA-
GAGGCAAGGT

PBM3-F: CAGC-

CGTTGACCTATTGC
pMB3 130

PpBM3-R: TTCGCTTGGT-
GTTTTGTTT

PBM4-F: TGCCAACGAG-

GAAAATCA
pMB4 1m

PBM4-R: AATCAACCA-
GACCACGGA

Accession No. KP976095.1. The complete nucleotide se-
quences of pBM1-4 have been deposited in GenBank (Acces-
sion No: KT149387, KT149388, KT149389, KT149390).

3.6. Statistical analysis

Date analysis was performed using Quantasoft soft-
ware (Bio-Rad, USA). The plasmid relative copy number to
the chromosome was calculated based on the equation:
PCN (plasmid copy number) = Np/Nc, where Np is the copy
number per pL of the plasmid target gene, and NC is the
copy number per pL of the control (chromosomal target
gene) with the same template. The experiments were per-
formed in triplicate, and the average values were recorded.

4. Results

4.1. Isolation and Identification of L. plantarum BM4

Lactobacillus strain BM4 was originally isolated from
fermented meat. The 16S rDNA gene sequence analysis in-
dicated that strain BM4 shows 99% homology with L. plan-
tarum strains (Figure 1). Consequently, the Lactobacillus
strain BM4 belonged to the L. plantarum species and there-
fore, it was designated as L. plantarum BM4.
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4.2. Sequence Analysis of Plasmid pBM1-4

Lactobacillus plantarumBM4 harbored four plasmids,
designated as pBM1, pBM2, pBM3, and pBM4, respectively.
To sequence the plasmids, the four plasmids were digested
with Kpnl and then cloned into the vector pBluescript II
SK (+). The sequence analysis results revealed that pBMi,
pBM2, pBM3, and pBM4 were 6069 bp, 7042 bp, 8131 bp,
and 8891 bp in length and possessed average G + C con-
tents of 37.5%, 36.7%, 36.4%, and 34.5%, respectively. All open
reading frameslarger than 40 amino acids and their poten-
tial functions have been predicted at NCBI in the GenBank
database. Physical maps of plasmids pBMi1-4 are shown in
Figure 2. We predicted 8 ORFs on pBM1, and 10 ORFs on
pBM2, pBM3, and pBM4.

4.3. Rep Proteins in Plasmid pBM2

According to the sequence analysis, among the four
plasmids isolated from L. plantarum BM4, only pBM2 en-
coded a plasmid probable replication protein (repB) and
an initiator replication family protein (repA), and the two
genes overlapped in pBM2. Homology analysis results are
shown in Figure 3. The repA protein (GenBank: ALO75838.1)
of pMB2 shares 99% identity with the rep protein (Gen-
Bank: BAN08206.1) of plasmid pKB290-8, 80% identity
with the repA protein (GenBank:CAA53278.1) of plasmid
pUCL287, 86% identity with the repA protein (GenBank:
NP_862285.1) of plasmid pMD5057, 78% identity with the
repA protein (GenBank: NP_862269.1) of plasmid pRV500,
81% identity with the repB protein (GenBank: NP_857600.1)
of plasmid pSMB74, and 78% identity with the initiation
protein repA (GenBank: YP_002567764.1) of plasmid pRS5,
all of which belong to the theta-replicating group.

In addition, supposed origins of replication (termed
ori) are predicted upstream of repA (sites: 5749-6000) ac-
cording to the structure feature, which consists of three
direct 11-bp repeats (three times) and four 22-bp iterons,
tandemly repeated (Figure 4). Moreover, Orf8 of pBM2 en-
coded a putative repB protein (GenBank: ALO75837.1) of 171
amino acids and shared 84% identity with the repB protein
(GenBank: BAN08207.1) of plasmid pKB290-8 and 65% iden-
tity with the replication protein (GenBank: NP_857601.1) of
plasmid pSMB74.

4.4. Other ORFS in Plasmid

All four plasmids contain a similar INT_C_like_3 Inte-
grase protein of 195aa (orf5 in pBMi, orf1 in pBM2, orf3 in
pBM3, and orf9 in pBM4), share over 90% identity with
integrase of plasmids from Lactobacillus pentosus IG1 and
Lactobacillus pentosus MP-10, and a transposase protein of
167aa (orf8 in pBM1, orf7 in pBM2, orf10 in pBM3, and orf4
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Figure 1. A Phylogenetic Tree was Constructed with the MEGA Version 4 Program Using 16S rDNA Gene Sequences
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Data for 16S rDNA phylogenetic analysis were obtained from the Genbank nucleotide sequence database for the following strains: Lactobacillus casei Zhang (GenBank:
CP001084.2), Lactobacillus paracasei JCM8130 (GenBank: AP012541.1), Lactobacillus rhamnosus ATCC53103 (GenBank: FM179322.1), Lactobacillus rhamnosus ASCC 290 (Gen-
Bank: CP014645.1), Lactobacillus plantarum Zhang-LL (GenBank: CP011769.1), Lactobacillus plantarum WCES1 (GenBank: AL935263.2), Lactobacillus reuteri DSM 20016 (GenBank:
CP000705.1), Lactobacillus fermentum F-6 (GenBank: CP005958.1), Lactobacillus mucosae LM1 (GenBank: CP011013.1), Lactobacillus delbrueckii subsp. Bulgaricus ATCC 11842 (Gen-
Bank: CR954253.1), Lactobacillus acidophilus FSI4 #: Characterization of Four Novel Plasmids from... Revision 1 Journal: Jundishapur Journal o... Page 45 of 49 11 May 2017 13:18:08

(GenBank: CP010432.1), Lactobacillus amylovorus 30SC (GenBank: CP002559.1).

in pBM4), share over 98% identity with transposase of plas-
mids from L. plantarum subsp. plantarum P-8. The four
integrase proteins of pBMi-4 belong to a superfamily of
DNA breaking|re-joining enzymes and might play a role
in plasmid multimer resolution. Orf3 and orf4 in pBM,
as well as orf4 and orf5 in pBM2, encode a toxin-antitoxin
(TA) plasmid maintenance system. Orf3-encoding protein
in pBM1 and orf5 encoding protein in pBM3 belong to plas-
mid stabilization system protein. Orf2-encoding protein in
pBM2 belongs to antidote-toxin recognition MazE. MazE is
the antidote to the toxin MazF of E. coli, which regulates
the prokaryotic chromosomal addiction module. Orf3 in
pBM2 encodes a PemK-like protein, which is an inhibitor
for growing in E. coli known to bind to the promoter region
of the Pem operon, auto-regulating synthesis. No obvious
replication protein, double-strand origin, or single-strand
origin was found in plasmids pBM1, pBM3, or pBM4. There-
fore, our data do not support their replication mechanism.

The detailed characteristics of pBMi-4 are shown in Table 2.

4.5. Relative Copy Number of pBM1-4

In this study, the relative copy numbers of pBM1, pBM2,
pBM3, and pBM4 were determined by Droplet Digital PCR.
Our results revealed that the relative copy numbers of
pBM1, pBM2, pBM3, and pBM4 were approximately 82, 24,
34, and 16 copies per chromosome equivalent.

5. Discussion

In this work, four native plasmids were isolated from
L. plantarum BM4. The sequence analysis results revealed
that pBM1, pBM2, pBM3, and pBM4 were 6069 bp, 7042 bp,
8131 bp and 8891 bp in length, and we predicted 8 ORFs
on pBM1, and 10 ORFs on pBM2, pBM3, and pBM4. Accord-
ing to our results, only pBM2 encoded an overlapping plas-
mid probable replication protein (repB) and an initiator
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Figure 2. Physical Maps of Plasmid pBMi-4
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Figure 3. Amino Acid Sequence Alignment of the orf9-Coding Protein (RepA) of pBM2 with related plasmids RepA of PMD5057 (GenBank: AAN40880.1), RepA of pRS5 (GenBank:
YP_002567764.1), RepA of pRV500 (GenBank: AAN61991.1), RepA of PUCL287 (GenBank: CAA53278.1), RepB of pSMB74 (GenBank: AAP55632.1).

replication family protein (repA). The repA protein (Gen-  rep protein of plasmid pKkB290-8 from Lactobacillus brevis
Bank: ALO75838.1) of pMB2 shares 99% identity with the = KB290 (20), 80% identity with the repA protein of plas-
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Figure 4. Structure of the Predicted Origin of Replication in Plasmid pBM2
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The position is from 5749 to 6000. The predicted promoter (-35.-10) sequence is depicted by the black box, and the 11-bp repeat sites are labeled.

mid pUCL287 from Pediococcus halophilus ATCC33315 (21),
86% identity with the repA protein of plasmid pMD5057
from Lactobacillus plantarum 5057 (22), 78% identity with
the repA protein of plasmid pRV500 from L. sakei, 81% iden-
tity with the repB protien of plasmid pSMB74 from Pedio-
coccus acidilactici H (23), and 78% identity with the initia-
tion protein repA of plasmid pRS5 from P. pentosaceus (24),
all of which belong to the theta-replicating group.

Moreover, a typical ori was predicted upstream of repA
(sites: 5749 - 6000), which consists of three direct 11-bp re-
peats (three times) and four 22-bp iterons, tandemly re-
peated (Figure 4). It has been reported that the 22-bp in-
trons are important for pSBO1 and the 11-bp repeats are
necessary for pUCL287 replication (Benachour et al. 1997)
(14, 25). Interestingly, the overlap of genes coding repA
and repB was found in several theta-replicating plasmids,
such as pKB290-8 from Lactobacillus brevis KB290, plas-
mid pSMB74 from Pediococcus acidilactici H, and plasmid
pUCL287 from Pediococcus halophilus ATCC33315. It has been
previously reported that RepB in pUCL287 is involved in
plasmid stability and regulation of plasmid copy number,
butis not essential for replication. In conclusion, these fea-
tures suggest that pBM2 belongs to the group of pUCL287
theta-replicating plasmids (13, 26).

All four plasmids contain a similar INT_C_like_3 Inte-
grase protein of 195aa, which has been previously reported
that integrase in pSMB 74 is likely to be involved in recom-
bination or integration (23). Tyrosine recombinase (inte-
grase) belongs to a DNA breaking-rejoining enzyme super-
family. Many DNA breaking-rejoining enzymes also have N-
terminal domains, which show little sequence or structure
similarity (27). Atoxin-antitoxin (TA) plasmid maintenance
system was identified in pBM1 and pBM3, which belong
to plasmid stabilization system protein in gram-negative
and gram-positive bacteria, and may play a role in keeping
low copy-number plasmids stable through neutralization
toxin (2). The exact molecular function of these proteins is
not known. This family also encompasses RelE/ParE, which
seems to occur in pairs and to be organized as an operon
(28).

Orf2-encoding protein in pBM2 belongs to antidote-
toxin recognition MazE, which is the antidote to the toxin
MazF of E. coli, and regulates the prokaryotic chromosomal
addiction module. MazE-MazF is thought to play a role in
programmed cell death when cells suffer nutrient depriva-
tion, and MazE-MazF modules have been implicated in the
bacteriostatic effects of other addiction modules (19). Orf3
in pBM2 encodes a PemK-like protein, which is an inhibitor
for growing in E. coli known to bind to the promoter region
of the Pem operon, auto-regulating synthesis. This Pfam
family consists of the PemK protein in addition to ChpA,
ChpB, and other PemK-like proteins (19).

Our data do not support the replication mechanism of
plasmids pBM1, pBM3, or pBM4. However, it was reported
that some plasmids without replication protein replicate
via an RNA-based replication mechanism, such as pCD033
from L. plantarum 3NSH, and plasmid pColE1 (29-31). The
principle of ddPCR involves subdividing a single PCR re-
action mixture into many small partitions and each un-
dergoing the PCR reaction separately (32). Several studies
have reported using ddPCR to determine the relative copy
numbers of plasmids (33, 34). According to our results, the
relative copy numbers of pBM1, pBM2, pBM3, and pBM4
were calculated as 82,24,34,and 16 copies per chromosome
equivalent using the ddPCR method. Our results suggest
that pBM1-4 belong to the low copy plasmids.

6. Conclusion

In summary, we characterized four new plasmids,
pBM1, pBM2, pBM3, and pBM4, isolated from L. plantarum
BM4. By sequence analysis and comparison, we found that,
only pBM2 contained replication protein RepB and rep3,
which coding for a putative initiator protein contained a
putative 11-and 22-bp repeat origin of replication segment,
indicating the pBM2 belongs to the pUCL287 subfamily of
theta-type replicons. Moreover, other proteins in pBMi-4
also involved module toxin, antitoxin, integrase, AbrB fam-
ily transcriptional regulator, transposase, endonuclease,
and translation repressor RelE. The relative copy numbers
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of pBM1-4 were estimated to be 82, 24, 34, and 16 copies, re-
spectively.
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Table 2. Putative Genes and Their Products, Deduced from the Plasmid Nucleotide Sequences

ORF

Position in Nucleotide Sequence, bp

5

3

G+C

Protein

Length, aa

Molecular
mass, Da

Closest Relative
(length, Level
of Amino Acid
Identity, Micro-
Organism)

Accession no.

pBM1

orfl

1820

1332

37.01

162

18640.6

Hypothetical
protein (162aa,
97%, Lactobacillus
plantarum)

WP_015063543.1

orf2

1933

2295

36.09

120

13825.7

Transcriptional
regulator (112aa,
96%,
Lactobacillus
plantarum)

WP_011031954.1

orf3

2772

2416

36.97

us

13847.5

Addiction
module toxin
RelE (plasmid)
(118aa, 99,
%Lactobacillus
plantarum HFC8)

ALG27536.1

Addiction
module toxin,
RelE/[StbE family
(plasmid) (118aa,
98%,
Lactobacillus
buchneri NRRL
B-30929)

AEB74676.1

orfq

3050

2772

35.48

92

10708.7

Prevent-host-
death family
protein (93aa,
100%,
Lactobacillus
brevis)

WP_042253922.1

Antitoxin
(plasmid) (92aa,
98%,
Lactobacillus
plantarum HFCS)

ALG27537.1

orf5

3127

3714

40.65

195

22480.7

Integrase (195aa,
99%, Lactobacil-
luspentosus

1G1)

CCC15493.1

Integrase (195aa,
100%,
Lactobacillus
plantarum HEC8)

ALG27531.1

orf6

3727

4086

35.28

19

142353

Hypothetical
protein (119aa,
100%,
Lactobacillus
plantarum)

WP_016511831.1

Hypothetical
protein (119aa,
98%,
Lactobacillus
brevis)

WP_015474693.1
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orf7

4483

4695

31.46

70

82883

Hypothetical
protein (70aa,
99%,
Lactobacillus
versmoldensis)

WP_010625611.1

Hypothetical
protein (70aa,
97%, Lactobacillus
plantarum)

WP_027821986.1

orfg

5786

5283

46.63

167

18712.4

Hypothetical
protein (167aa,
99%,
Lactobacillus
plantarum P-8)

AGL65684.2

Transposase
(167aa, 98%,
Lactobacillus
paraplantarum)

CDF77674.1

pBM2

orfl

588

40.48

195

22538.9

Putative inte-
grase[recombinase|
(195aa, 99%,
Lactobacillus

casei)

WP_003586668.1

Integrase (195aa,
96%,
Lactobacillus
sakei KCA311)

AJQ16980.1

orf2

667

930

37.88

87

9981.6

AbrB family
transcriptional
regulator
(plasmid) (87aa,
100%,
Lactobacillus
plantarum HFC8)

ALG27235.1

orf3

930

1277

39.66

15

13031.8

PemK family
protein (115aa,
96%,
Lactobacillus
plantarum HFC8)

ALG27234.1

orf4

2063

1695

41.46

122

12265.3

Prophage Lp1
protein 6 (122aa,
100%,
Lactobacillus
pentosus MP-10)

CCB84218.1

Membrane
protein (122aa,
99% ,
Lactobacillus
plantarum)

WP_011101080.1

orfs

2397

2143

31.76

84

10054.2

Hypothetical
protein (84aa,
99%,
Lactobacillus
plantarum)

WP_016527215.1

orf6

2871

2407

37.63

154

17395.3

Hypothetical
protein (263aa,
98%,
Lactobacillus
plantarum)

WP_024002855.1

10
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orf7

3350

3853

46.63

167

18712.4

Hypothetical
protein (167aa,
99%,
Lactobacillus

plantarum subsp.

plantarum P-8)

AGL65684.2

Transposase
(167aa, 98%,
Lactobacillus
paraplantarum)

CDF77674.1

repB

4829

4314

35.08

171

19956.9

Replication
protein RepB
(171aa, 84%,
Lactobacillus
brevis)

WP_041816333.1

Replication
protein RepB
(171aa, 84%,
Lactobacillus
brevis KB290)

BAN08207.1

Replication
protein (192aa,
66%, Pediococcus
acidilactici H
plasmid
pSMB74)

AAP55633.1

repA

5814

4822

34.74

330

38652.7

Initiator
Replication
family protein
(31123, 99%,
Pediococcus
pentosaceus)

WP_002834578.1

Probable
replication
protein rep
(plasmid)
(376aa, 99%,
Lactobacillus
brevis KB290)

BAN08206.1

Rep3 (plasmid
PSMB74) (319aa,
82%, Pediococcus
acidilactici)

CAA53278.1

Replication
protein A
(plasmid
pMD5057) (311aa,
81%, Lactobacillus
plantarum 5057)

AAP55632.1

orflo

6688

6476

32.86

70

8231.2

Hypothetical
protein (70aa,
97%, Lactobacillus
nodensisi)

WP_025025371.1

Hypothetical
protein (70aa,
97%, Lactobacillus
versmoldensis)

WP_010625611.1

pBM3

orfl
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766

554

32.8

70

8369.7

Hypothetical
protein (70aa,
99%,
Lactobacillus
brevis)

WP_042253900.1

1
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Hypothetical
protein (70aa,
96%,
Lactobacillus
nodensis)

WP_025025371.1

orf2

1522

1163

36.1

19

141621

Hypothetical
protein (119aa,
99%,
Lactobacillus
plantarum)

WP_027821987.1

Hypothetical
protein
(plasmid) (121aa,
99%,
Lactobacillus
brevis BSO 464)

AJA81476.1

orf3

2122

1535

41

195

22475.8

Integrase (195aa,
91%, Lactobacillus
pentosus IG1)

CCC15451.1

Integrase (195aa,
99%,
Lactobacillus
brevis)

WP_011669005.1

orf4

2213

2494

36.5

93

108221

Antitoxin (93aa,
100% ,
Lactobacillus
brevis)

WP_011669006.1

Antitoxin
(PMKO06) (92aa,
96%,
Lactobacillus
plantarum HFC8)

ALG27537.1

orfs

2491

2847

37.5

18

13861.9

Plasmid
stabilisation
system protein
(118aa,100% ,
Lactobacillus
brevis)

WP_011669007.1

Addiction
module toxin
RelE (pMKO06) (
118aa, 97%,
Lactobacillus
plantarum HFC8)

ALG27529.1

orf6

2923

3300

36.7

125

14714.5

Transposase,
partial (112aa,
93% ,
Lactobacillus
plantarum)

WP_046041026.1

orf7

5296

3602

315

564

65233.9

Cell surface
protein (564aa,
99%,
Lactobacillus
plantarum)

WP_016527444.1

orfg

5812

6300

37.8

162

18792

Hypothetical
protein (162aa,
95% ,
Lactobacillus
plantarum)

WP_016511466.1

Hypothetical
protein (162aa,
94%,
Lactobacillus
rhamnosus)

WP_024306043.1

12
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orf9g

7005

7385

373

126

14408.6

Hypothetical
protein (125aa,
97%, Lactobacillus
plantarum)

WP_-
003646093.1

Hypothetical
protein (125aa,
86%,
Lactobacillus
plantarumW]L)

ERO39647.1

orflo

7848

7345

46.8

167

18744.6

Transposase
(167aa, 99%,
Lactobacillus

plantarum subsp.

plantarum P-8)

AGL65684.2

Transposase
(167aa, 99%,
Lactobacillus
plantarum)

WP_024272162.1

pBM4

orfl

662

129

39.89

177

20171.7

Transposase
(177aa, 99%,
Lactobacillus
plantarum)

WP_021731278.1

Transposase
(177aa, 91%,
Lactobacillus
paracasei)

WP_016385682.1

orf2

1936

1106

28.28

276

32479.2

Endonuclease
(278 aa, 69%,
Lactobacillus
brevis)

WP_042749360.1

orf3

2456

1998

281

152

17600.8

Hypothetical
protein (152aa,
68%,
Lactobacillus
plantarum)

WP_046947582.1

orf4

4043

3540

38.89

167

19284.3

Hypothetical
protein (167aa,
98%,
Lactobacillus
plantarum)

WP_011031951.1

Hypothetical
protein (167aa,
91%, Lactobacillus
plantarum)

WP_045353452.1

orf5

4867

4400

43.59

155

18007.2

Ferritin
(155aa,100%,
Lactobacillus
brevis)

WP_042253884.1

Stress induced
DNA binding
protein (155aa,
99%,
Lactobacillus
sakei KCA311)

AJQ16931.1

orf6

6633

5422

28.22

46440.9

Hypothetical
protein (401aa,
75%, Lactobacillus
florum)

WP_009166650.1

orf7

Jundishapur | Microbiol. 2017; 10(11):e12894.

7097

6795

3333

100

11858.1

Translation
repressor RelE
(100aa, 97%,
Lactobacillus
plantarum)

WP_021357787.1

13
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Translation
repressor RelE
(100aa, 99%,
Lactobacillus
versmoldensis)

WP_010625626.1

orf8

7365

7087

36.92

92

10106

RelB (92aa, 98%,
Lactobacillus
plantarum)

WP_027822890.1

orf9

7469

8056

38.44

195

22447

Integrase (195aa,
99%,
Lactobacillus
brevis)

WP_042253402.1

Integrase (195aa,
96%,
Lactobacillus
pentosus MP-10)

CCB81910.1

orflo

8480

8692

31.92

70

82733

Hypothetical
protein (70aa,
96%,
Lactobacillus
nodensis)

WP_025025371.1

Hypothetical
protein (70aa,
96%,
Lactobacillus
brevis)

WP_042253900.1

14
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