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A. RINCE,' A. DUFOUR,'} S. LE POGAM,i D. THUAULT,? C. M. BOURGEOIS,?
AND J. P. LE PENNEC'*

Laboratoire de Génétique Moléculaire, CNRS URA 256, Université de Rennes 1,
Campus de Beaulieu, 35042 Rennes cédex,' and ADRIA,
29334 Quimper cédex,? France

Received 7 July 1993/Accepted 8 February 1994

The partial nucleotide sequence of a Lactococcus lactis subsp. lactis ADRIA 85LO30 bacteriocin-producing
operon was determined. The first two open reading frames of the operon are necessary to get bacteriocin

expression in L. lactis IL1403R.

Bacteriocins are proteinaceous bactericidal compounds that
are produced by some microorganisms (1, 17), including lactic
acid bacteria (10). Many bacteriocins have been described, but
only a few genetic determinants for these substances have been
cloned and sequenced. The lactic acid bacterium bacteriocins
whose genes are known are generally small peptides that can
be divided into two families. The lantibiotic family is composed
of posttranslationally modified peptides harboring unusual
amino acids termed lanthionines, while the second bacteriocin
family does not contain lanthionines. These bacteriocins are
synthesized from precursor molecules that include N-terminal
extensions. The structural genes of these compounds are
members of gene clusters. Additional open reading frames
(ORFs) are related to bacteriocin activity, to maturation or
excretion functions, and to bacteriocin immunity.

Lactococcus lactis subsp. lactis ADRIA 85LO30 (Table 1)
produces a bacteriocin of industrial interest that has Clostrid-
ium tyrobutyricum in its spectrum of inhibitory activity (18). In
a previous report (2), this bacteriocin, designated lactococcin
DR in this paper to prevent confusion with other lactococcins,
was purified and determined to be a 2.3- to 2.4-kDa peptide.
The results of curing experiments suggested that genetic
determinants for lactococcin DR production are localized on a
DNA region that is about 10 kb long (del10) and is carried by
a 70-kb plasmid (pOS5). A 14-kb DNA fragment that included
4.1 kb of the dell0 region was cloned into bacteriophage
lambda 2001 DNA (Table 1) (lambda E23) and subsequently
subcloned into lactococcal vector pIL253 to obtain recombi-
nant plasmid pEB23 (Fig. 1A). L. lactis IL1403R transformed
by pEB23 inhibited the growth of the bacteriocin indicator
strain. The nature of the inhibitor produced was shown to be
proteinaceous since addition of proteinase K prevented inhib-
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itory activity. This indicated that the cloned fragment encoded
all of the genetic information required for lactococcin DR
expression in this host. Deletion of 0.9-kb Hpall-EcoRI frag-
ment Hp-E, from pEB23 resulted in the loss of the lactococcin
DR-positive (LcnDR*) phenotype (Fig. 1A, pEB24), indicat-
ing that part of the bacteriocin determinant is located at the
del10 extremity of this insert. In addition, 4.8-kb Xbal-EcoRI
fragment X,-E,, which contained all of the dell0 part of
pEB23 (4.1 kb), was subcloned into pIL253 as described by

TABLE 1. Bacterial strains, plasmids, and phages

Strain, plasmid(s),

or phage Description Reference
L. lactis subsp. lactis
strains
ADRIA 85LO30 Wild-type strain, LcnDR™* 18
1L1403 Plasmid free, Bac™ Imm ™ 7
IL1403R Plasmid free, Bac~™ Bac" This study
Plasmids and phages
2001 9
pIL253 Em', 49 kb 15
pBluescript lacZ Ap', 2.9 kb
(Stratagene)
pES2 LcnDRY, 74 kb 2
AE23 2001 carrying 14.5-kb EcoRI
fragment of pES2
pEB23 pIL253 carrying 14.5-kb insert
of AE23, Em* LenDR™
pEB24 pIL253 carrying 13.6-kb
EcoRI-Hpall fragment of
pEB23, Em" LcnDR ™
pEB56 pIL253::pBluescript carrying This study

4.8-kb Xbal-EcoRI
fragment, Ap* Em" LecnDR™*

pIL253::pBluescript carrying
various exonuclease III-
deleted fragments of pEB56

pEB57 with a frameshift
mutation in the lcnDR1
gene

pEBS57, pEBSS,
pEB59, pEB60,
pEB61, pEB62

pEMB57
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FIG. 1. (A) Restriction enzyme map and deletion analysis of the pEB23 insert. (B) Restriction enzyme map and deletion and mutation
derivatives of the pEB56 insert. The open boxes indicate the dell0 parts present in the cloned DNA fragments. EcoRI (E) and BamHI (B) sites
were numbered in order to permit unambiguous designation of the DNA restriction fragments (see text). The positions of unique Hpall (Hp) and
Xbal (X,) sites are indicated. The lactococcin DR production phenotypes of L. lactis IL1403R derivatives harboring different fragments are
indicated. The asterisk indicates the position of the mutation in ORF lcnDR1. (C) Genetic organization of the pEB57 insert. The ORFs are
designated Lcn DR 1, Len DR 2, and Len DR 3. P1, P2, and P3 are the putative promoters.

Holo et al. (6) to form pEB56 (Fig. 1A). L. lactis IL1403R
transformed by pEB56 had a LecnDR™ phenotype. Subsequent
deletion experiments were performed by digesting pEB56 with
exonuclease III. Figure 1B shows the extent of digestion as
determined by sequencing and the resulting phenotypes of L.
lactis IL1403R derivatives transformed with the deleted frag-
ments. Deletions larger than 1.3 kb from the Xbal site (com-
pare pEB60 and pEB61 with pEB57, pEB58, and pEBS9) or a
deletion from the EcoRI site as small as 0.4 kb (pEB62)
resulted in a loss of the Bac™ phenotype. The 3.5-kb insert of
pEBS59 is thus the smallest fragment conferring the LcnDR™
phenotype on L. lactis IL1403R.

The complete nucleotide sequence of the pEB57 insert plus
the 2-kb fragment downstream from EcoRlI site E, was deter-
mined on both strands by the dideoxy chain method of Sanger
et al. (14). A total of 5,546 bp was sequenced (Fig. 2). This
sequence contained three complete ORFs, designated lcnDR1
through lenDR3 (Fig. 1C and 2), which encoded putative
proteins that had 51, 922, and 691 amino acid residues,
respectively. Potential ribosome binding sites were located
upstream from each ORF. Three putative promoter se-
quences, designated P1 to P3, were found upstream from
lecnDR1. As recombinant plasmid pEB59 lacked the —35 box
of the putative P1 promoter and yet conferred a Bac™ pheno-
type on strain IL1403R, P1 did not seem to be the only active
promoter.

In primer extension experiments performed with primer PE,

(GTTCTTTCATTATTGTTCAC) complementary to posi-
tions 366 to 348 (Fig. 2), we identified at least four double
bands which indicated transcription initiation sites starting
with a guanosine, which is typical for procaryotic mnRNA. The
largest extended product (Fig. 3B) started at position 201
(guanosine) (Fig. 2) and should have corresponded to a
transcript initiated by the P1 promoter. The three other
doublets observed (Fig. 3A) should have corresponded to
transcripts initiated at positions 310 (guanosine), 314 (guano-
sine), and 319 (guanosine) (Fig. 2) by the P3 promoter. In
Northern blots we detected two bands, a major band at 260
nucleotides and a minor band at approximately 400 nucleotides
(Fig. 3C). Assuming that the inverse repeat (Fig. 2) was used as
the ORF 1 terminator, the observed bands should have
corresponded to RNA initiated at weak promoter P1 and at
stronger promoter P3. RNAs corresponding to ORFs 2 and 3
were not visualized with the probe used.

Two lantibiotics, lacticin 481 (13) and streptococcin A-FF22
(7), exhibit high levels of homology with the lcnDR1-encoded
peptide. The seven previously described N-terminal residues of
lacticin 481 are identical to seven internal amino acid residues
of the lenDR1-encoded peptide (Fig. 2). Streptococcin A-FF22
(7) is approximately 50% homologous to the lcnDR1-encoded
peptide. These levels of homology strongly suggest that lc-
nDRI1 is the structural lactococcin DR gene, that the product
of this ORF is a precursor which contains a peptide leader, and
that lactococcin DR is a lantibiotic. The resulting compound,
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§ pEBS7 (LcnDRY) § pEBS8 (LcnDRY)
AGMCGTCM’I‘GAGA‘I‘AGMAMCMMTA‘H‘TMGMTAMATGATACA‘G‘I'I‘TTCCI'I‘MC‘H‘M‘I‘GACATTGCAGCA‘I‘ACCCI‘GTI‘GTCSATCMTM
pl'.859 (LcnDR*)

------- p2------- _-10 3§ ——cmm—eP3-m=m=== =10
GACTAATTAATCGAGGCTCCTTATCAACAAAAATAAAACCAAGTTCATTCCATCTGCACTCACTTCATTAGTTATTGCATTTTACTAATCGAAGGAGTAT
A

{ PEB60 (LcnDR™) pEB61 (LcnDR™) {
chmccucc’ruccm’ncn‘rcmrrwcrumg'rGMCMTMrcwcncmhc’rc‘rn’rnrmmcucMc‘rcAcmA
A & A K EQ NS F NLLGQEUVTE
1cnDR1 >
AAGTGAATTGGACCTTATTTTAGGTGCAAAAGGCGGCAGTGGAGTTATTCATACAATTTCTCATGAATGTAATATGAATAGCTGGCAATTTGTATTTACT
s E L DLTITLGAI[KG G S 6V JJKH T I SHETGCNM®ENSUWQFVFT

TGCTGCTCTTAATTTTATTCAAAAGAAATTATATTCTATGGAGCAATGATTAATTATTCCTCCTTTCTTTTTATAAATCGTAATCTTTAGCAAATGATAA
c ¢ s

AAGAGGTGTAATTACCTTTTTAGATcAATAGCAACATlaﬁ§ASAAAATAGTCAAAAAAAAGACTTACCAATTTGAAAAATTTTTAAAAAATACTTTTGAT
RBS M X X X T Y QF EX FLKNTTFD
1cnDR2 >
CAATTTTCTATTAAGCAAAATGAAGTTCTGGTTGAAGATGATTTAAACGATATAATTATGAACGTTTG’ AAAGCACTTGTTTT AATGAAA
Q F § I X @ N EV LV EDUDTLNDTITIMNTYVOCGCGKA AL VL M INEK

AAAGAGAAATGAATCTATTAATGGGCAATACACCAGAGGAAAGGTACCAATATTTTGAAAATGAGTATTCGAGTACAGGTAAAGCTTTTGAAGAAATAAA
R EMNTULTLMGNT®PETERTY QYT FENTETYSSTGIKATFTETETIK

AGATAAATTTCCAGTAATATATATTGATTTAAAAAATTCTATAAATTCTTATTTAAAGTTGGTTTCACAAATAATGAAAGATTTTAAAAAAGATTACTCA
D K F PV I Y IXIDLXNUNSTINS ST YTLXTLVSQTIMKDTFHXTNKTDTYSs

CTTCTAGTAGAACGTAAGATTATTGAGGAACATTCGACTATTTCGACTATGAAAATAAAAGGTGATTTACATAATGGGAAGGCTGTTATAGAAATTACTA
L LV ERJIKTITIETEHMKSTTISTMIKTEINXKXSGHUDTULHNGT KAV IETITT

CTAACAAAAGTAAATTAATTTATAAACCAAAGTCATTAAGTAATGATGTGTTTTTTAACAATTTTTTGAAGTATATGGATAGTTTTTTTATTAAAGAGGG
N K S K L I Y X P K S L S NDVFTFNNTFTLIKTYMDSTFTFTIKTESG G

AAAAAGCACTAAATATAAAGAAAATTTTTATTTGGTAAACACGCTTGATATGAAGACATATGGATGGGTTGAATACGTAGATAAAAAACCAATCAATTCA
X S T X Y XK ENF Y L V NTULUDMIKTTYGW UV EYUVDIKTIKT PTINS

TTTGAGGAAGCAAGAAATTAT AAAATT TTTTATCAGTTGCTTATACTTTAAATTTAACTGACTTACATTTTGAAAATGTGATCTCAC
FEEARNTZYTZYRIKTIGVILTLSJVAYTTLNTLTHDTLUHTFTENVTISDQ

AAGGAGAAAATCCTTGTATTATTGACCTAGAGACTATGTTTAACATGCCTATGTTTGTAAAAGATTATAAAAATGAATCTCGTAATATTATTAATGGAAA
G ENPCTI I DULETMTFNMMTPMTFVIXKDTYIKNESTZ RIUENNTITINGHK

GATTATGGATTCGGTAGTCTCAACAGGAATGTTACCAGTCTTAGGAATAGATAGTTTGTTTGGGGGGGATCCTAGTGGAATTTTAGGTGGTACATTTTCT
I M DSV VSTGMLPVLGTIUDSTLTFGGDTPSGTIULGGEGETTFS

AAAGAAGAACGAGTGATCATAAATCCATTTAGAGATGACATAAAATTTCAAAAAATAGTTGTACGATCTGTATTCAAAGATCATATTCCTTTTTTTAACA
K EERV I INPTFRDOUDTIIKTFAQXTIVVRSVTFIXDUHTIPTFTFNN

ATAATAATGAGAAAAGATATTGTAAGCCCAAAGACTATGTTAATGATATTATAAAAGGGTTTGAAAAAACATATAAAATAATCGTTAAAAATAAGGAAAA
N N E X RY C X P XD Y V NDTITIIKSGTFTEZ KTT?YZXTITIVXKNTIKTEHK

AATATTAGGGTTTCTAAAAAAAGAATCTAGTAGTGTTACCTGTAGAATATTATTTAGAAATACGATGGAATACTCAGTTTTATTAAATGCAGCAAAGTCG
L K K ESSSVTCRTITLTPRNTMETYSVLLNARARMKS

CCTGTATATTCAAACAAAAGAGAAGAAATTTTTGAAAAATTATCAACTTTTAATCGAGGACTTGGAAATGATATTATTAAATCAGAGATAAGTCAAATAA
PV Y SNIXT®RETETITFEIZKTLSTTFNRGLGNDTITIIKS STETISAO QTIN

ACACTTTATCAATCCCCTATTTCAATTGTCAAGTAGACTCAAACTTAATAAAGAATATGGATGGAGAAACAATATTTGAGCATACTCTCACCCCATTCAA
T L S I P Y F NCQVDSVNILTIIKNMKGDTGTETTITFTEUHTTLTZ?PTFK

ATGTTTCCTATCAAAATATAGAAGACTGTGTGTAGATGATATGGAACAACAAGTTAAGCTAATCCGATTTTCAATTCAAAGTCAAGAACAGCTTTTTAAA
¢ F LS X YRR RLGCYDDMEGQQVXTLTITR RTFSTIGQSGQEU QLTFK

GATGGGGAACAGTTCAGTTTATATAAGAAACAAAAAGGTTCACAAGAAGATTTATTGATTGCGATAAATGAGCTTTCAAGTATCTTAGAAAACAATGCAT
D G EQF SL Y KXOQKGSQEUDTLTLELTIATINTETLSSTITLENNNAMLY

ATATTGGTACAAGCGATGATACCATAAATTGGATGAGTTTAGGAATTCCTGATAATGATCAGATACTCTTTG GTCTTGAAAATGATATATATAAGGG
T S D DT I NWMSULG I ADNUD G QTITULTFTESTL N Y

AATATCAGGAATAGGCTTAGCCTTATTGGAATATTATCAATTTTATCCAAATATCAACACAAAAAAAATACTAAAATTAATATATAAAAATATATCAAAA
I 6L ALLETYTYETFZYZPNTINTHI KTIKTITLTIKTLTIZYZXNTISK

GATTTTATTAATACAAATAATGAGCCCCAAAATTATGGATTCTATGTTGGCTTAATAGGTGAGTATAGTTTTTTGAGAAAATACGAAAAAGTATTTCACA
D F I NTNNTETPAU QNTYGTF YV GLTIGETYSTFTLRIKTYETZKTVTFHK

AAACAAGTAGTTGCAACATTTTAAAGAACATTTTAAAAGATTTTACTCCCGAGAAGTGTCAAACAATACTACCTTCAGATGACGTAATAGCCGGAGAAGC
T S S C NI L KNXNTIULXDTFTU®PTETZKTCGQTTITLPSDUDVIANGER

CGGAATTATTATTTACATTTCAAATCTCAATAATTACCTAGAATACAGAGATCAAATTCATATTCTATTCAAAACTTTATCAAATAAGATAAAATTAAAA
I I 1T Y I S N L NNJZYLETYU RUDOTETIDTITULTLZIKS STLSNIKTITKITILK

FIG. 2. Nucleotide sequence containing ORFs lenDR1, lenDR2, and lenDR3. The three putative —35 and — 10 promoters designated P1 to
P3 are overlined. The putative ribosome binding sites (RBS) are underlined. The deduced amino acid sequences are given in single-letter code.
The position of the termination codon is indicated by an asterisk. The residues enclosed in a box are the seven amino acid residues that are identical
to the residues in the N-terminal sequence of mature lacticin 481 (13). The arrows below the nucleotide sequence indicate the positions of inverted
repeats. The positions of deletion mutants pEB57 to pEB62 are indicated along with their corresponding phenotypes. The triangles indicate the

positions of transcription start sites.

lactococcin DR, should be 27 amino acids long and have a
calculated molecular mass (3.4 kDa) that is in good agreement
with the molecular mass estimated by using the purified
bacteriocin (2). The results of a mutational experiment per-
formed with ORF lcnDR1 confirmed the importance of this
ORF for bacteriocin expression (compare pEMBS57 and
pEB57 in Fig. 1).

lenDR2 encodes a putative 922-amino-acid protein with a

calculated molecular mass of 108.1 kDa which exhibits no
significant level of homology to previously described se-
quences. The parent strain, L. lactis 111403, was transformed
with plasmid pEB57. The resulting recombinant produced
lactococcin DR but was not immune to lactococcin DR,
indicating that IcnDR2 is not able by itself to confer the Imm*
phenotype. Expression studies revealed that only one addi-
tional ORF, lcnDR2, is required to obtain lactococcin DR
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I

A'S Y AH GN S G I ATA ATFUVHGEG K VT K N E K Y L K F H

ATGAACTTTGGAATTTAGAAAATTCTAGTAAACTCAGAAGAGGTTCGACAGATTCAAGAAAAGTTGATAGTTCATACTCTTCACAGTGCTCTCACGGTCC
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AGAATTTTGATAATAAGAATATCAATCTAAAGAATGAAATTTTAAACAACTATTACTCTGTTTGTAACTATGG TITAATAMGGATGGATTTGTCGCTT
N F DN K I NLKNETITLNNTYTYSVCNTYGLNEKTSGHWTICG®GTL

AGGTACAGM'H'HA‘H‘C‘!TATGGGC‘H‘ATGACAGGMTATCTGG‘l‘A‘l‘AﬂATAmm
T E L

F Y S Y GL M TG I o TAN A

TTCGGCAA(
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M P Y V D * M X I VL QNNEG QDT GCTULTLATCT YT SMNTITLSG
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TTGTCTGTTTCA
¥ FGRDV ATIHETLTYSGEMTITPZPDGTULS STVSTYTLTE KTNTITNBMTK

GCATCAAGTTAGTATCCATOTTTATAAGACTCATAAAAAGAATTc1CCAAATAAGATATTCTATCCAAAGATGC1GCCTCTAATTATACAATGGAATGAT
HQ VS M HVYXTHDIXXKNSTZPNTIKTITFTYT?PTI KUNMEMTLTPVTITIGOQT WND

AATCATTTTGTTGTAGTAACTAAGATTTACAGAAAAAATGTAACACTCATTGACCCTGCAATAGGTAAAGTGAAGTATAACTATAATGATTTTATGAAAA
N HFVVVTXTIZYRIXKNVYVTLTIODTPATIGTE KT VI KTYHNSTYHNODTFHMETIKK

AATTTTCTGGTTATATTATTACTTTATCACCGAATAGTTCTTTTA

F s G ¥ I \TAAGTGAAATTATCTTTCCACTAAAAAAAATTTTCAAGAA

\CAAAGAAAAAAAGAA'
I TLSPNSSTFTIKI KT KRTISTETITITFTPLJIKTEKTITFTKN

TAGGAATACCTTTCTTTATA’ 'ATCTCTCAAA’ \TTATGGTTTTCAATAATATTAAGAGATATCTTGAACAAATCTCATGAC
R NTFLYTITFSLTFTISOQTIUVALUWESTITILTRTUDTITLTNIEKSTSHD

ATAACATATTCTTTTATTATGATGATTTCCTTAGTCCTCTTTCAAACTTTATCACTGTTAATGAAACTAGGGGCTCAAAAAAATACAAATCTATTATATG
I TYSs F I MMNTISLVLTFOQTTULSTLTLMIKTLTGAQXKNTNTULTLYE

AATCCAAAATATCTAGACARATTTTTAAAGGAATATTTAGTAGGCCACTATTATATTTTAGAAACAACTCAGTTGGTACAATAATAGAAAAAATTAATCT
S X I s R QI FXKOGTITFSRPLTLYTFRNNSUVGTTITITETZKTINIL

AAGAACGGGAATAAGAGACGGAATACTTCTGAAAATTTTTCCATCACTCCTAAACTTTTTCACGGTCTTTATTGTAATTATATATTTGGGAACAATCTCC
R TG I RDGTIULLIXKTITFU®PSTILTULNTFT FTJVTFTIUVITIVYTLGTTIS

TTTACACTGACTCTTTTTTTGGTAATAATGAATCTATTATATATGATTTTTAGCTTTAGTTTGATTAGTATCAAAAGACAGGCTAATATTCAATATACAC
FTLTULTFLVIMN L YMNTITFSTFSLTISTIIEKT RGO QANTIO®Q T Q

AACAAACAATTGACTTTACATCAGT A TTTAAATCAGATTGAACAGATAAAAGCTCAGGCAAATGAAAMAGAATGTGTTAAAAGATGGAC
QTIDPTSVVQEDLNQIBQIKAQANEKECVKRHT

AAAAAAAAGCGCTCAAACAA' TATTCTCTTATAATAAAATCTTAAATATTCACGGAATTACAAGTGCTTTCAATCAGGGCTTCAATTACATTTGTCTTATA
K X S A QTTITF N XK I L NI DGTITSAFPNO QGTFNYTI®CGCUVI

TTGATGATGATATTTGGAATATATTTAAATCAAGGGAATTTAGTTTCTATACCAGATTTGATTATCTTTCAGTCGGGTATTTCTTTGTTTGTTTCAGCTG
L M I FGTIUYLNA QGNTLTVSTIUPODLTITITFUGQSGTISTLTFVSAV

TCAATCAAATTCAGGATGTTATGTTTGAAATATCTAGATTATCAATCTATGGTAATAAAATAAGCGATTTACTAATTGAAAATCCTCAGAGAATAGATAA
N QI @D VXN T FETISRLSTIZYSGNTZE KTISTUDTLTLELTITEWMNPQ QRTIDN

TATAGAAAAACATTCCAACAATGCTATTATATTGAAAGACATCTCATATTCATACGAATTAAATAATTATATTTTTAATAACATAAATTTTTCAATTAAA
I EXK H S NNATITIULIKUDTIS Y S Y ELNNTYTITFNNTINTFSTIK

AAAAAATAGCTAT:
I

P \CATTATTTAATATTTTATTAGGTCTAATATCTTATGAAGGGGAAGTTACTT
L s Y

AGTTGGAAAATCAGGTTCAGGTAAAAGCA
A I VGK S G SGX S T FNILTJLSGTULTI EGE V TY

TCGGAGTTGTTTCACAAAATATGAATTTAAGAAAGGGAAGTTTAATCGAAAATATTIGTATCTAACAATAATTC
N L RQII GV YV S QNMUPINTLR RIKTG STLTITETNTIVSNNNS

CGAAGAACTAGATATTCAAAAAATTAATGA' TTGAA 'AAAC] TAGAA’ ~“TCTCTCCCTCAAAAGATA
EELDODTIQXKTINDUVLIXKDVNMLTETLV VDS STLTPGOQXKTITFSGQLTF

ATGGTTATGAGAATTTACGTCAAATAA'
G Y E

GAAAAT AAAATCTTT AACGATTATTAATAGCAAAATCACTATTAAATAATAACAMATTTATTTTTTGGGATGAACCGTTTA
E NG KNUL S GG QI QRULILTIATIKS STULTLNNNIKTETITFWDTETPTF S

GTAGCTTAGATAATCAAAATAGAATACATATTTATAAGAACGTTCTAGAAAATCCCGATTATAAATCACAAACAATAATTATGATTAGTCATCATTTGGA
S L DN QNRTIUHTIYXKNVLELTENTPUDTYXKSQTTITIMISHHTLTOD

TGTCTTGAAATATGTCGATAGAGTGATTTATATAGATGACAAGAAAATTATGATTGACAAACACAACAACCTTTTATTAAATGATTCCTATAATTCATTT
VL K Y V DRV IY D D K K I M I D KHNNILTILTLNDSYNSF

GTTAATGAATAAATAAAAAGTTACGTATCGCTGTTTTAAATTTATC
V N E *

FIG. 2—Continued.
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production in IL1403R. In contrast, Klein et al. (11) showed
that two ORFs (spaB and spaC), in addition to the subtilin
structural gene, spaS, are essential for subtilin biosynthesis.
Genes homologous to spaB and spaC were found in both nisin
and epidermin operons (3), suggesting that subtilin, nisin, and
epidermin have similar biosynthetic pathways that are probably
different from the lactococcin DR biosynthetic pathway. As
lecnDR2 is essential to lactococcin DR production, it is proba-
bly involved in either lactococcin maturation or export.

The amino acid sequence deduced from lcnDR3 exhibits
high degrees of homology with the sequences of ATP-depen-
dent transport proteins. The highest level of homology was
found with CylB (68.2% of conserved amino acids with 26.9%
identity), an Enterococcus faecalis protein required for the

expression of the cytolysin (4). Noticeably, in the C-terminal
part of the protein, an ATP-binding motif (GEKIAIVGKSGS-
GKSTLFN) at positions 490 to 508 is highly conserved, as is a
region unique to proteins of the active transport group (5).
Comparable levels of similarity to the CylB protein were
observed with HlyB, an Escherichia coli membrane protein
required for the export of hemolysin A (8), SpaT, a Bacillus
subtilis protein involved in the production of subtilin (11), and
NisT, a L. lactis protein involved in the production of nisin (3).
The entire lenDR3 ORF seems not to be essential for bacte-
riocin expression in L. lactis IL1403R. However, we have not
excluded the possibility that the function of lenDR3 is provided
by a protein encoded by the genome of L. lactis subsp. lactis
IL1403R. This type of complementation by strain IL1403 has
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FIG. 3. Primer extension and Northern hybridization experiments. (A and B) Primer extension signals obtained with primer PE; when L. lactis
ADRIA 85L030 RNA (lanes 1) or trout egg total RNA (lanes 2) was used. Lanes C, A, T, and G contained the products of the sequencing
reactions performed with the transcribed DNA strand used for standardization. The arrowheads indicate primer extension signals which may
correspond to transcriptional start sites. The migration times were 1.5 h (A) and 4 h (B). (C) Northern hybridization of L. lactis ADRIA 85LO30
RNA. Hybridization was performed with a probe corresponding to the first 884 bp of pEB57. The sizes of the transcripts determined with RNA

molecular weight markers (Boehringer) are indicated on the left.

been observed to some extent in the production of lactococcin
A (16, 19).

The DNA nucleotide sequence determined in this study has
been deposited in the EMBL and GenBank data bases under
accession number U04057.

This work was supported by grant 91T0902 from the Ministere de la
Recherche et de la Technologie.

We thank W. G. Haldenwang for his help in revising the manuscript,
Chantal Gouery for contributing to the development of the manu-
script, and Louis Communier for the photographs.

ADDENDUM

After this paper was submitted for publication, a partial
DNA sequence of the lacticin 481 operon was published (12).
This sequence included lecnDR1 and part of lenDR2. The
sequences of both of these regions were identical to the
sequences described in this paper except that one more codon
was present in lacticin 481 ORF 2.
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