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Abstract

Leuconostoc citreun CBUE isolated from kimchi proved to harbor a small cryptic plasmid, pNS75. The
complete nucleotide sequence of pNS75 was 1,821 bp and had a low G+C content of 39.2%. Computer
analysis using DNASIS revealed one open reading frame (ORF), having ATG as putatitive start condon and
potentially encoding proteins with molecular mass of 38 kDa. The chimeric plasmid pLeuCM was first
constructed wih pNS75, pUC19 and chroamphenicol acetyltransferase (CAT) from Staphylococcus sp..
pLeuCM replicated and expressed chroamphenicol acetyltransferase in Leuconostoc citerum CBNF after
transformation. To test the availability of shuttle vector as cloning vehicle of foreign gene, a-amylase gene
of Streptococcus bovis was cloned and all transformants secreated the a-amylase successfully. The result

indicates that pLeuCM is a potential shuttle vector for Leuconostoc spp. and lactic acid bacteria.

Introduction

In recent years there has been an increase of interest in the genetic manipulation of lactic acid bacteria.
Numerous plasmid vectors have been constructed using the origin of replication of cryptic plasmids of
Lactobacillus and Lactococcus species. But, no host-vector system has been described for Leuconostoc
strains. Leuconostoc spp. are G(+) hetero-fermentative bacteria. They are widely used in the food industry,
involved in the fermentation of vegetables (Kimchi, sauerkraut and pickle), wine and milk products. As
many other LAB, Leuconostoc species harbor one or several plasmids of various sizes without any known
function for most of them. But to date, only a few researches have reported about size, nucleotide
sequences and restriction endonuclease site of native plasmids. In this report, we describe isolation and
sequence analysis of pNS75 which is a plasmid of Leuconostoc citreum CBUE isolated from Kimchi and

expression of a-amylase wsing this plasmid in a recombinant Leuconostoc citreum.

Materials and Methods

Bacterial strains, plasmids, and culture media

Bacterial strains and plasmids used in this work are listed in Table 1. Leuconostoc strains were routinely
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grown on MRS medium (Difco) broth or agar (1.5%, w/v) at 28°C. E. coli were propagated at 37°C in LB
broth or on agar (1.5%, w/v). Ampicillin and chloramphenicol were used at final concentration of 50 and 5 pg/

mL, respectively.

Tablel. Bacterial strains and plasmids

Strains or plasmids Genotype/relevant features Source or reference
Strains

& 80lacZ N (lacZY A-argF)U169recAl

Escherichia coli endA 1bsdR 1 7supE4dthi-1gyrA96relAl Gibeo-BBL
Leuconostoc citreum CBUE wild-type This study
Leuconostoc citreum CBUF wild-type This study
Plasmids

pUCI19 E. coli vector, 2.68kb, Amp", lacZ Gibco-BBL
pEK104 pUCI19 with 1.3kb Cm" This study
pNS75 1.8kb cryptic plasmid from Leuc. citreum CBHE This study
pLeuCM pEK104::1.8kb Sacl pNS75, 5.8kb This study
pLeuCMamys9 ;;L,‘?I.L;CM with 2.4kb BamHI o-amylase from S. This study

General cloning techniques and sequence analysis
The plasmid DNA preparation from E. coli, restriction enzyme digestion, ligation and transformation of
E. coli was carried out according to the procedures of Sambrook et al.,". The plasmid DNA from the

1.2, DNA sequences were determined

Leuconostoc strains was prepared by the method of Anderson et a
using the Auto-read sequencing kit (Pharmacia) of Genome Research Center in Seoul National University.
Sequence analysis of DNA and amino acid were performed using the DNASIS programs (HITACHI

software Engineering Co. Japan).

Shuttle vector construction and transformation of Leuconostoc sp.

For the construction of shuttle vectors, pEK104 containing staphylococcal chloramphenicol
acetyltrasnsferase (CAT) was ligated with 1.8 kb pNS75 (Fig. 1). The electrocompetent cells of Leuc.
citreum CBNF were prepared according to the method of Wyckoff et al,”), and E. coli- Leuconostoc shuttle

vector, pLeuCM, was transformed. The electroporation condition was set at 8 kV/cm, 400  and 40 pF.
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Fig. 1. Construction of E. coli-Leuconostoc shuttle vector, pLeuCM.
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Expression of a-amylase
o-Amylase gene from Streptococcus bovis was PCR-amplified, cloned into pLeuCM, and transformed
into Leuconostoc sp. colonies containing o-amylase gene were screened by the formation of a clear zone

when poured with iodine solution onto plates.

Results and Discussion

Isolation of pNS7S and derivatives construction
Leuc. citreum CBUE was proved to harbor several plasmids including a 1.8 kb one, named as pNS75.

This plasmid was clone into the unique Sac I site of pUC19 for sequence determination.
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Fig. 2. Restriction enzyme digestion maps of pNS75.

Sequence analysis of pNS75

The complete nucleotide sequence of pNS75 was 1,821 bp and had a low G+C content of 39.2%.
Computer analysis with DNASIS revealed one open reading frame. The putative proteins coded by one
ORF were designated as replication protein. ORF corresponded to a polypeptide similar to the replication

protein of pFR18(4) suggesting that pNS75 replicates by the rolling circle mechanism.

5" C00ACGR TTRRAITACTTTTTOACABCCABO0BAC0AA00G0AIAAAMMANG TCTE 60 003324 TRAACAGAA G T TR0 TO PAGAATTTOAGTTIAGR0AA0GAARAAT AR, G500
PEVAEDVWRLEFOFROOKVE

AATTRIA AR AZARATAL T TAMA TROACTOTTTCM A TTCTAUGRCTTATRAT 1020

TRACTAA0M 008 00 TSSO ACTARAR TR CC TR ANa00CATARAC A ML 10

ABOCATLOGARAA GG C00ATTTRACTAGMATUTROCATCTORATERGAC TTOTARMA 18D NVEEEILDKWHOSFOVLALDD
COACATTRAASATATETTAAM TRABAC TTATACGTTRT CAMAR O TTARCTTTAM. 240 AATOATA TXTRETALA T THAOCAGTATTAAOATC TR TRAA TBACGA TARATTT 1080
ATTTARGACR A4 A3 A4 0A 0SA (O TO 0 TAATTTARCOO TTAGAR AGUTOATETIT ARG 300 NDNIEEYDKAVYLRSYUNDDKF
ATATETRARAR T AR THEC TOAACAA GTATTR TAACA TACTOAATEAQTATACA TACTCT 360 MTTTCAAGATRTIOAA M TROGCTOC TAMATACGOA A ATERTTORABAAST 114D
B3 ~atart Replicass gene NFEKENYOKAYAAKTRKHYREN
(CAGMAATEOAAAMOA TRAA DA M A A CTA A QU TTAATTDOOTTORTR 420 TG TTTRR UM ACAR TR DA TATHRCAA TAATTECATTOARACAOCRACAATES, 1200
WEQEKTKTIRFRYS REFDTTY40MHALTAFKOOQQS
ATTBAR TBATAACGA A0 TORATAA TTTACACCATA TTOC AR TRICEC TRV A TTACAR 48D GATTRAAANTOACTCTORMGACTTAA TROTTAM TAOM TA TTCB TECTGRAGTAG A, 1260
I DH INEVANLARRYPYALILD ELKYTLEDLMWYKYHNIRPEVE
020022 THG R TBTCATATRAMATR A THTACAATATITCARGA A AL 540 GUACTRACCRAATATTTTOAA TTAGTOA TTCA TRAAABCATAROAATTOATIA TAREOTT 1920
TGEMPIGRRENVYHNOYVRERYE ELTKYFELVIDESHAIDYKL
ARCOATBATATORA A TTTRA TTAC TA TTOR QOB TAMAATTCOMORAACATTTTOAT 600 GRTRAAAA TOA QO TROC TTATORAAAAICC TTTAAAGAC TATTAAAAATTRO0G TBAT 1080
NeDIETLITY ORLEKFHKHFD DENDVYAYRKAFRRAIKN®RD
A TORRTTTOBI R OAATAGMACCCAATON TTIAC A MAADMAA TTTARAMOAATTA 680 G\ TAAACAATTATORCOARABCHBTAGGACOM GCCCTTTIATAGR A COOTTATTEAAA 1440
NPYPYOYNPHHLREKEDLEAQL DKOQLSEPEQ* endfy ¢ gene
GAACHTOTBATATCR TCTRTTRAGOA0AC00ACO TR CCAGAI TAGAOCTIOCCTBTBAT 720 A TTATATTTRATOGAA TTATTTGAAGG TOATOAARATTRCOTRRADARATIA TRAATAT 1500
ERVYHBBVDHARLTRYODLACGD ACO0AA00ACIAGOCCTOC TBOARTT TO0CAGAROR TCTITATAR TUATTTGTUTRAGOR 1560
ATCTARATATICO8CT ROGA A R TBATTTTBATTIA TR TIRCRGGMTE 780 TATTARCTOOT T TAABATAA TATAGCT TCADAC TRAAAAA GO TUTTAAMAORCAMAT 1620
YN IJPLTKYDFGLFNLTRE! IO ATAGRAATATACAC A AR ATATATCASACOA THRCALRRO0A AL 1800
ABO0O0ACTAAGTOA A TRATTTRGAAACTARATATTOG O TRCAGRAMAGTOANCES  BD HR0RACAMACE: (R 0MBACANBACACCC0A AR TRTCCAY TR TRCTOBRTRCERTT 1740
RARTKB8ODLETRY¥GAAQRSER AT TTOATTTTARCA TG TCATOC TIOCTGA CTRA R TTUR LT 1600
TTAATICOTTTATATGA TRAMAAACO TUAGAGAA CTR0OCACAM A ADMOACAGATA 900 TONEATARBET 9’ 181

LIRLYDKKRERTAHKKEDE.]

Fig. 3. Complete nucleotide sequence of pNS75.
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replication nick-site
l
pT181 122 GACAATTTTTCTAAAA CCGGC TACTCTAATAGCCGGTTGG
pC223 454 GACAATTTTTCTAAAA CCGGC TACTCTAATAGCCGGTTAG

pc21 2% GACAATITITCTAAAA CCGGC TACTCTAATAGCCGGTTAA
pCW7 54 GACAATTTTTCTAAAA CCGGC TACTCTAATAGCCGGTTAA
pS194 342 TCAAATTTTTCTAAAA CCGGC TACTCTAATAGCCGGTTAA

4
PZ’UB“ ;32 TCAAATTTTGCTAAAA CCGGC TACTCTAATAGCCGGTTAA

pOg32 204 AACATCTATTGAAAAGCCGGCCCCTTCTAACAGCCGGCTAA
pFR18 388 CAGTCGACCAGAAAAAGCGGGCTTTTACTAACAGCCCGCTAACAGCCCGCT

pNS75 36  CAGCCGACCAGAAAAAAGCGTGCTGTACTAACAGCACGCTAACAGCACGCT

Fig. 4. Nucelotide sequence comparison of the DSO of pT181-type plasmids an putative DSO of pNS75. The
stemr-loop structure that includes the replication nick site.

Shuttle vector construction and electroporation condition
The whole plasmid pNS75 was ligated into Sac I site of pEK104. It was transformed into Leuc. citreum

CBNF by electorpoaration and the successful transformation was confirmed by plasmid isolation from

transformant (Fig. 5).

pLeuCM —,
native plasmid —

Fig. 5. Confirmation of the transformation of Leuc. citreunm CBNF with shutfle vector pLeuCM after plasmid
isolation. A : native plasmid from Leuc. citreum CBNF, B : pLeuCM from Leuc. citreum CBNF.

Cloning and expression of a-amylase in Leuconostoc sp.
pLeuCMamy59 was created using E. coli-Leuconsotoc shuttle vector and a-amylase gene from S. bovis.
a-Amylase-positive halos were detected around the colonies of all transformants on agar plastes

supplemented with 0.5% soluble starch by exposure to iodine vapor (Fig. 6).

pLeuCMamys9
In Leuc. citreum

pLeuCM
+ In Leue. clitreum

Fig. 6. Expression of a-amylase in Leuc. citreum CBNF.
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