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Introduction

Lactic acid bacteria (LAB) are a group of Gram-positive

bacteria, which are non-motile, non-spore forming cocci

or rods producing lactic acid as the major end product

during growth on carbohydrates [1]. LAB are commonly

found among various natural habitats including dairy

environments, fermented foods, plants, and intestines of

animal and human [2, 3]. Genera such as Lactococcus,

Lactobacillus, Leuconostoc, Pediococcus, Tetragenococcus,

and Weisella have been involved for various food fer-

mentations including dairy products, meats, and plant

materials such as kimchi and sauerkraut [4]. 

Recently some species of LAB get attentions as cell

factories for the production of diverse chemicals includ-

ing lactic acid, ethanol, diacetyl, 2,3-butane diol, vitamins,

alanine, mannitol, and exopolysaccharides due to their

GRAS (generally recognized as safe) status and simple

metabolsims, which can be easily modified [5−7].

Efficient gene expression systems such as NICE (nisin

inducible gene expression) system are also available for

the overproduction of important metabolites in LAB [8].

Plasmids inherent among many LAB species serve as

the frames for the construction of cloning vectors for

LAB, and many of them are small cryptic plasmids [9, 10].

Levilactobacillus zymae GU240 was previously isolated

from Kimchi, a Korean traditional fermented vegetable,

and produces GABA profusely [11]. Lb. zymae GU240

harbors two small cryptic plasmids, pHG1 and pHG2. In

this study, the nucleotide sequences of pHG1 and pHG2

were determined and analyzed. Both plasmids seem

useful as frames for the construction of shuttle vectors

for Levilactobacillus species and closely related LAB and

E. coli.

Two small cryptic plasmids, pHG1 and pHG2, were isolated from Levilactobacillus zymae (formerly Lactobacillus

zymae) GU240 and characterized. pHG1 is 1,814 bp in size with a GC content of 37.4% and contains two open

reading frames. orf1 can potentially encode a protein of 101 amino acids (aa) with 99% identity with the

copy number control protein of Lacticaseibacillus paracasei. orf2 can potentially encode a protein of 230 aa

with 99% identity with a replication protein from multiple species. Six inverted repeats (IR I-VI) and six

direct repeats (DR I-VI) were found in pHG1. pHG2 is 2,864 bp in size, with a GC content of 39.6%. pHG2 has

two orfs. orf1 might encode a protein with 99% identity with the TrsL transmembrane protein. orf2 might

encode a protein with 99% identity with plasmid recombination proteins from lactic acid bacteria. Both

pHG1 and pHG2 may be useful as frames for constructing lactic acid bacteria–Escherichia coli shuttle vectors. 
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Materials and Methods

Bacterial strains and culture conditions
All the bacterial strains and plasmids used in this

work are listed in Table 1. Lb. zymae GU240 was grown

in de Man, Rogosa, Sharpe (MRS, Becton Dickinson Co.,

USA) broth or agar (1%, w/v) at 30℃. Escherichia coli

DH5α was cultured in Luria Bertani (LB, tryptone 10 g,

yeast extract 5 g, NaCl 10 g per liter, pH 7.0) broth or

agar (1%, w/v) with shaking.

Plasmid DNA preparation
Plasmid DNA was prepared from Lb. zymae GU240

according to the method of O’Sullivan and Klaenhammer

[12]. Plasmid DNA was prepared from E. coli cells by

using a kit (Favorgen, Taiwan). Agarose gel (1%, w/v)

electrophoresis was conducted using Tris-acetate-EDTA

(TAE) buffer [13]. Plasmid bands were excised and

plasmid DNAs were purified by using a FavorPrep gel/

PCR purification kit (Favorgen).

DNA sequencing and sequence analyses
Both pHG1 and pHG2 were digested with Sau3AI and

ligated with pUC19 (2.7 kb, ampR) previously cut with

BamHI. Ligation mixture was added to E. coli DH5α

competent cells (Enzynomics, Korea), and tubes were

stood on ice for 30 min. Heatshock at 42℃ was done for

30 sec followed by 2 min incubation on ice. Then 400 µl of

SOC broth was added and cells were incubated for 1 h at

37℃. Cells were plated onto LB agar plates with ampicillin

(100 µg/ml) and plates were incubated overnight at 37℃. 

Recombinants consisting of pHG1 or pHG2 and

pUC19 were used as templates for DNA sequencing.

Sequencing was done with the universal primers, M13

fwd (5'-GTAAAACGACGGCCAGT-3') and M13 rev (5'-

CAGGAAACAGCTATGAC-3') at Cosmogenetech (Korea).

Sequence analyses were done using the Basic Local

Alignment Search Tool (BLAST) at National Center for

Biotechnology Information (NCBI, USA). Open reading

frame (ORF) prediction was performed using ORF finder

(https://www.ncbi.nlm.nih.gov/orffinder/). Direct repeats

(DRs) and inverted repeats (IRs) were predicted using a

repeats finder for DNA/protein sequences (https://

www.novoprolabs.com/tools/repeats-sequences-finder). 

Results and Discussion

Plasmid isolation
Lb. zymae GU240 harbours 3 plasmids, and all of

them are relatively small-sized (Fig. 1). The smallest

plasmid and the 2nd smallest one were named pHG1 and

pHG2, respectively, and the largest one pHG3. Small-

sized plasmids have an sdvantage over larger ones for

the construction of cloning vectors, and we focused on

pHG1 and pHG2 in this work. Agarose gel slices con-

taining pHG1 or pHG2 were excised from an agarose gel

(1%) after gel electrophoresis. After purified, pHG1 and

pHG2 were digested with several restriction enzymes. It

Table 1. Bacterial strains and plasmids used in this study.

Bacteria and plasmids Description Reference

Escherichia coli DH5α φ80dlacZ∆M15, recA1, endA1, gyrA96, thi-1, hdR17(rk-, mk+), supE44, relAl, deoR, 
∆(lacZYA-argF) U169

Gibco BRL

Levilactobacillus zymae GU240 Isolated from kimchi [11]

Plasmid

pUC19 E. coli cloning vector, 2.68 kb, Apr, lacZ’ Promega 

pHG1 Cryptic plasmid from Lb. zymae GU240, 1.8 kb This study

pHG2 Cryptic plasmid from Lb. zymae GU240, 2.9 kb This study

pHG1-19A A 1.3 kb Sau3AI fragment of pHG1 was ligated with pUC19 at BamHI site, 
generating pHG1-19A, 4.0 kb

This study

pHG1-19B A 0.5 kb Sau3AI fragment of pHG1 was ligated with pUC19 at BamHI site, 
generating pHG1-19B, 3.2 kb

This study

pHG2-19 After Sau3AI partial cut, pHG2 was ligated with pUC19 at BamHI site, 
generating pHG2-19, 5.6 kb 

This study
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was found that both pHG1 and pHG2 had two recogni-

tion sites for Sau3AI, a four-base cutter. Sau3AI diges-

tion of pHG1 generated 1.3 kb and 0.5 kb fragments, and

each fragment was ligated with pUC19, an E. coli

general cloning vector, previously cut by BamHI. pHG1-

19A was a recombinant containing the 1.3 kb fragment

and pHG1-19B containing the 0.5 kb fragment. Whole

pHG2 was ligated with pUC19, generating pHG2-19.

These recombinants were used as templates for DNA

sequencing. 

Nucleotide sequence and sequence analyses of pHG1 and
pHG2

pHG1 consists of 1,814 bp with a G+C content of

37.4%, while pHG2 consists of 2,864 bp with a G+C

content of 39.6%. DNA sequence analyses of pHG1

revealed two open reading frames (orfs) (Fig. 2). ofr1

could encode a protein of 101 amino acids (aas), and its

molecular weight and isoelectric point (pI) are expected

to be 11,510.40 and 9.78, respectively. The putative pro-

tein showed 99% identity with a putative protein of 101

aas encoded by orf4 of pLP5403 from Lacticaseibacillus

paracasei (AGO03658.1) and its function was suspected

to be related with plasmid copy-number control [14]. The

first 50 aas of ORF1 showed 98% identities with those of

CopG family proteins with ribbon-helix-helix domain.

orf2 could potentially encode a protein of 230 aas, and its

molecular weight and pI are expected to be 26,890.75

and 8.36, respectively. The putative protein showed

100%, 99%, and 99% identities with replication protein

of pPECL-1 (CP003138) from Pediococcus claussenii

Fig. 1. Total plasmid DNA from Lb. zymae GU240 (A) and
isolated pHG1 and pHG2 (B). (A) M, iVDye 1 kb DNA ladder
(GenDEPOT, Baker,TX, USA); 1, total plasmid DNA from L. zymae
GU240. (B) M, iVDye 1 kb DNA ladder; 1, pHG1 purified from an
agarose gel; 2, pHG2 purified from an agarose gel.  

Fig. 2. Restriction map of pHG1. 
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Fig. 3. Complete nucleotide sequence and the deduced amino acid sequence of pHG1. The putative amino acid sequence of
orf1 was shown above the nucleotide sequence. The putative amino acid sequence of orf2 was shown below the nucleotide
sequence. Putative promotor sequences (-35 and -10 elements) are underlined. Direct repeats (DRs) are marked as dashed arrows
below the sequences. Inverted repeats (IRs) are marked as rightwards/leftwards arrows above the sequences.
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ATCC BAA-344 [15], Lactiplantibacillus plantarum

(WP_210716541), and Lactobacillus sp. ATCC 15578

(WP_103152878), respectively. One interesting feature

is that orf1 and orf2 are overlapping, and the start codon

of orf2, ATG at 260-262 nucleotide (nt) in Fig. 3, locates

79 nt upstream from the stop codon of orf1 (TAG at 336-

338 nt). Restriction map of pHG1 is shown in Fig. 2.

Six direct repeats (DRs) and 4 inverted repeats (IRs)

were found in the sequence of pHG1. DRs and IRs are

observed in many plasmids, and they are known to have

regulatory functions for plasmid replication by serving

as recognition signals for the binding of replication pro-

teins [16]. Upstream of orf1, putative -35 (TTGACA) and

-10 (AATAAT) promoter sequences were found (under-

lined in Fig. 3).

pHG2 contains two putative orfs (Fig. 4). orf1 could

encode a protein of 281 aas, and its molecular weight

and pI are calculated to be 30,723.50 and 9.23,

respectively. The putative protein showed 99% (277/278)

identity with TrsL, a transmembrane protein, from lac-

tobacillacea (WP_080488716.1), and 64% (178/276)

identities with TrsL from Pediococcus pentosaceus

(WP_160215047.1) and Leuconostoc carnosum

(WP_150281241.1). orf2 could encode a protein of 367

amino acids, and its expected molecular weight and pI

are 42,631.15 and 9.36, respectively. The putative pro-

tein showed 99% identities with plasmid recombination

proteins from Lactobacillales (WP_104763886.1), Lac-

tiplantibacillus plantarum (WP_071665548.1), and

Pediococcus pentosaceus (WP_176933264). Interestingly,

pGH2 showed very high nucleotide sequence identity

(99%, 2857/2864) with pMF1298-11 which is a 4.3 kb

plasmid present in Lactobacillus plantarum MF1298

(CP013162.2) [17]. Nucleotide sequence of pHG2 is

almost identical with that of pMF1298-11 in its 1,140-

4,003 nt. This indicates that pHG2 might be derived

from a larger plasmid such as pMF1298-11, which is

easily movable between LAB hosts via horizontal

transfer mechanism. No Rep protein gene was located in

pHG2, and pHG2 replication might be related with plas-

mid recombination protein encoded by orf2. It was pro-

posed that recombination might be directly involved in

the replication of nonreplicative plasmid DNA, resulting

in linear concatemeic plasmid DNA [18]. Another possi-

Fig. 4. Restriction map of pHG2. 
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Fig. 5. Complete nucleotide sequence and the deduced amino acid sequence of pHG2. The putative amino acid sequence of
orf1 was shown above the nucleotide sequence. The putative amino acid sequence of orf2 was shown below the nucleotide
sequence. Direct repeats (DRs) are marked as dashed arrows below the sequences. Inverted repeats (IRs) are marked as rightwards/
leftwards arrows above the sequences. 
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bility is that Rep protein might be provided by host or

other plasmid such as pHG1 or pHG3. More studies are

necessary for understanding the replication mechanisms

of pHG1 and pHG2. Restriction map of pHG2 is shown

Fig. 5. Continued. 
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in Fig. 4. Twenty seven DRs and 4 IRs were found in the

sequence of pHG2 (Fig. 5). Nucleotide sequence of pHG1

and pHG2 were deposited into the Genbank under the

accession number of MT436440 and MT436439, respec-

tively.

In this study, two small cryptic plasmids, pHG1 and

pHG2, from Lb. zymae GU240 were isolated and their

nucleotide sequences were determined. Sequence

analyses were done and restriction maps were con-

structed. BLAST analyses showed that plasmids like

pHG1 and pHG2 are widely present among many LAB

species, implying that plasmid transfer and recombina-

tion occur often within LAB. Considering their small

sizes and apparent high copy numbers (Fig. 1), both

pHG1 and pHG2 are likely to be replicated via rolling

circle replication [19]. These properties make both pHG1

and pHG2 promising replicons for the construction of

shuttle vectors for Levilactobacillus and closely related

LAB and E. coli. Further studies are necessary to prove

their potentials as shuttle vectors. Availability of diverse

cloning vectore is critically important for the improvement

and modification of LAB strains for food fermentations

and production of metabolites with commercial values [20]. 
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