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DNA fragments with promoter activity were isolated from the chromosome ofLactococcus lactis subsp. lactis.
For the isolation, a promoter probe vector based on the cat gene was constructed, which allowed direct selection
with chloramphenicol in BaciUlus subtilis and L. lactis. Four of the putative promoters (P1, P2, P10, and P21)
were analyzed further by sequencing, mapping of the 5' end of the mRNA, Northern (RNA blot) hybridization,
and chloramphenicol acetyltransferase activity measurements. From these fragments, -10 and -35 regions
resembling the consensus Escherichia coli (770 and B. subtilis &43 promoters were identified. Another set of
promoters, together with a signal sequence, were also isolated from the same organism. These fragments
promoted secretion ofTEM 13-lactamase from L. lactis. When the two sets of promoters were compared, it was
found that the ones isolated with the cat vector were more efficient (produced more mRNA). By changing the
promoter part of the promoter-signal sequence fragment giving the best TEM j8-lactamase secretion into a

more efficient one (P2), a 10-fold increase in enzyme production was obtained.

Interest in molecular biology and genetic engineering of
lactic acid bacteria has increased greatly during the past few
years. New vectors (27, 29, 30) and integration systems (2,
18, 25) and better transformation methods (11, 16) have
become available. An increasing number of genes have also
been cloned from these bacteria, including genes involved in
protein degradation (13, 15) and lactose utilization (12, 20,
21). These advances have raised the possibility of testing
whether lactococci can also be used as hosts in the produc-
tion of heterologous proteins. Furthermore, current lacto-
coccal starter strains might be modified to include improved
fermentation process characteristics.
These approaches require the availability of well-charac-

terized promoters and/or promoter-signal sequence units
functional in lactococci. Until now there have been only two
reports describing the isolation and characterization of lac-
tococcal promoters, the isolation of promoters from Lacto-
coccus lactis subsp. cremoris (31) and its bacteriophage
BK5-T (17). In addition, a few other promoters have been
isolated along with a specific gene (3, 14). So far, few
attempts have been made to use these promoters to produce
heterologous proteins in lactococci (27a, 29).

In this article, we report the isolation and characterization
of transcription-promoting fragments from the Lactococcus
lactis subsp. lactis chromosome. We also describe the
construction of a plasmid bearing a new combination of a
promoter and signal sequence, both isolated separately from
the L. lactis chromosome. The use of this plasmid resulted in
highly efficient expression and secretion of TEM 3-lacta-
mase of Escherichia coli into the culture supernatant of L.
lactis.

MATERIALS AND METHODS

Bacterial strains and plasmids. The bacterial strains and
plasmids used in this work are listed in Table 1.

* Corresponding author.
t Present address: Valio Finnish Co-operative Dairies' Associa-

tion, Research and Development Centre, P.O. Box 176, SF-00181
Helsinki, Finland.

Culture media and bacterial transformations. E. coli and
Bacillus subtilis strains were grown in Luria broth (19). For
E. coli, antibiotic concentrations were 11 p.g/ml for chloram-
phenicol and 12.5 ,g/ml for tetracycline; for B. subtilis, 5 ,ug
of chloramphenicol per ml was used. Lactococcal strains
were grown in M17-glucose (M17G) (28) or M17-glucose-
sucrose (M17GS) medium supplemented with chloramphen-
icol (4 or 5 p.g/ml) if necessary.

E. coli was transformed by the method of Hanahan and
Meselson (8). B. subtilis cells were transformed by the
method of Gryczan et al. (7). L. lactis protoplast transfor-
mation was carried out by the method of von Wright et al.
(32), and electroporation was done essentially as described
by Holo and Nes (11).
Enzyme assays. For the chloramphenicol acetyltransferase

(CAT) assay, cells were grown in the appropriate medium.
Cells were harvested from 1-ml culture samples by centrif-
ugation, washed with 50 mM sodium phosphate buffer (pH
7), and suspended in 0.2 ml of the same buffer containing
lysozyme (4 mg/ml). Cells were incubated at 37°C for 30 min,
followed by sonication. The cell debris was pelleted by
centrifugation, and CAT activity in the supernatant was
measured by the method of Shaw (26).
For the ,-lactamase assay, cell and supernatant fractions

were separated by centrifugation after growth in the appro-
priate medium. Supernatant fractions were assayed for
,-lactamase activity by the method of O'Callaghan and
Morris (22). For rapid analysis of P-lactamase-positive sta-
tus, bacterial colonies were suspended in 250 RI1 of Nitrocefin
(Glaxo) in microtiter wells. Positive colonies turned red after
1 to 30 min of incubation at room temperature.
Sequencing of the DNA. DNA was sequenced by the

dideoxy chain termination method (24). Denatured plasmid
DNA was used as a template (9).
Northern (RNA blot) trahsfer and hybridization. RNA was

isolated from L. lactis essentially as described by van der
Vossen et al. (31). Cells were cultured in 20 ml of M17G
medium with chloramphenicol (5 ,ug/ml) to 50 Klett units
(no. 66 filter). After hot phenol treatment, the RNA was
precipitated with ethanol. The pellet was dissolved in dis-
tilled water, and the DNA was digested with RNase-free
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334 KOIVULA ET AL.

TABLE 1. Bacterial strains and plasmids

Strain or plasmid Relevant characteristics Origin or reference

E. coli TG1 K-12A (lac-pro) supE thi hsdDS F' traD36 proA+B+ lacIq lacZAM15 European Molecular
Biology Laboratory

B. subtilis IH6064 metBS sacA321 23
L. lactis subsp. lactis 5
MG1614

Plasmids
pBR322 1
pVS2 Plasmid capable of replication in E. coli, B. subtilis, and L. lactis, 5 kb, Emr Cmr 33
pSH71 Cryptic plasmid of L. lactis, 2 kb 5
pPL603 Promoter cloning vector for B. subtilis, 4.8 kb, Kmr 34
pKTH1722 pSH71 replicon containing tetracycline resistance gene This work
pKTH1734 pKTH1722 containing erythromycin resistance gene This work
pKTH1736 pKTH1734 containing promoterless cat-86 This work
pKTH1750 pKTH1736 containing multiple cloning site in front of cat This work
pKTH1816 Plasmid pKTH1750 bearing L. lactis chromosomal DNA, clone P1 This work
pKTH1817 Like pKTH1816, clone P2 This work
pKTH1820 Like pKTH1816, clone P10 This work
pKTH1821 Like pKTH1816, clone P21 This work
pKTH1807 Plasmid pVS2 bearing a ClaI-PvuII fragment of ss45 26a
pKTH2001 pVS2 bearing P2-ss45 combination This work

DNase I (Promega). Denatured RNAs were separated in an
agarose gel. Northern transfer to a nitrocellulose membrane
(Schleicher & Schuell) was done by the method of Williams
and Mason (35). The filter was hybridized in 4x SSC (0.6 M
NaCl, 0.06 M sodium citrate)-50 mM NaH2PO4 (pH 6.5)-
0.1% polyvinylpyrrolidone-0.1% Ficoll-0. 1% bovine serum
albumin-0.2% sodium dodecyl sulfate (SDS)-200 ,ug of de-
natured herring sperm DNA per ml-106 cpm of nick-trans-
lated pPL603 per ml at 65°C for 18 h. The filter was washed
in 2x SSC-0.2% SDS at room temperature for 30 min, at
37°C for 30 min, and at 55°C for 30 min. The hybridized
fragments were detected by autoradiography. For quantita-
tion, the films were scanned with a densitometer (Ultroscan
XL Enhanced Laser Densitometer; LKB, Bromma, Swe-
den).
Primer extension. The mapping of the 5' end of the mRNA

was done as follows. A 0.2-pmol amount of a 20-mer primer
(5'-ATTCAAAGTCTACCCTGAGC-3') was added to 5 to 10
,ug ofRNA. An equal volume of 2 x hybridization buffer (100
mM Tris-HCl [pH 8.3], 2 mM EDTA, 0.8 M NaCI) was
added. The mixture was heated at 95°C for 2 min and allowed
to cool gradually to room temperature.
The RNA-primer hybrid was precipitated with ethanol,

and the pellet was dissolved in reaction buffer (50 mM
Tris-HCl [pH 8.3]; 10 mM dithiothreitol; 6 mM MgCl2; 50
mM KCl; 0.25 mM each dATP, dTTP, and dGTP; 25 ,ug of
actinomycin Cl [Boehringer] per ml). To this mixture, 1.5
mCi of [a-32P]dCTP (Amersham), 4,000 U of RNasin
(Promega), and 700 U of avian myeloblastosis virus reverse
transcriptase (Promega) per ml were added. The reaction
mixture was incubated at 42°C for 15 min, after which cold
dCTP was added to a final concentration of 0.25 mM.
Incubation was continued at 42°C for 105 min.
The reaction mixture was then extracted with phenol and

phenol-chloroform-isoamyl alcohol (25:24:1) and precip-
itated with ethanol. The reverse transcriptase reactions were
analyzed by electrophoresis on a 6% sequencing gel, with
sequencing reactions of one of the promoters used as size
markers.

Construction of the promoter probe vector. A promoter
probe vector able to replicate in E. coli, B. subtilis, and L.
lactis was constructed for the screening of chromosomal

DNA fragments containing promoterlike activity (Fig. 1).
The construction was done by using E. coli as the host. The
origin of replication was isolated from plasmid pSH71 by
ClaI digestion. The larger fragment was isolated and treated
with Klenow polymerase. The gene responsible for tetracy-
cline resistance was obtained from pBR322 by EcoRI and
PvuII digestions. The recessed ends were filled in with
Klenow enzyme, and the fragment was ligated to the isolated
origin of replication of pSH71. This resulted in plasmid
pKTH1722. Ligation of the blunt-ended Clal and EcoRI sites
regenerated the EcoRI site.
The erythromycin resistance marker was isolated from

plasmid pVS2 by HindIII and ClaI digestions. The protrud-
ing ends were filled in, and the fragment was ligated with
XmnI-digested pKTH1722, which created plasmid
pKTH1734. pKTH1734 was cleaved by EcoRI, and the
recessed ends were filled in. The promoterless cat gene was
isolated from pPL603 as an EcoRI-PvuII fragment and
ligated to the linearized vector, resulting in plasmid
pKTH1736.
The vector was further improved by adding a DNA

fragment containing multiple cloning sites to the PstI site
upstream of the cat gene. The promoter probe vector,
pKTH1750, thus obtained contained restriction enzyme rec-
ognition sites for PstI, EcoRI, PvuII, and BglII upstream of
the cat gene.

RESULTS

Screening for L. lactis promoters. The promoter probe
plasmid pKTH1750 (Fig. 1) contains the origin of replication
of pSH71 and antibiotic resistance markers for tetracycline
and erythromycin. It also contains a promoterless cat-86
gene preceded by PstI, EcoRI, PvuII, and BgllI sites.
Details of its construction are described in Materials and
Methods.
To isolate DNA fragments which expressed promoterlike

activity, L. lactis chromosomal DNA was digested totally
with Sau3A1, which yielded fairly large fragments (mean
size, 2 kb). The mixture of the fragments was ligated with
BglII-digested pKTH1750 vector. The vector pKTH1750 can
replicate in B. subtilis and L. lactis, which allows the use of

APPL. ENVIRON. MICROBIOL.
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FIG. 1. Schematic representation of construction of the promoter probe vector pKTH1750. The vector has the origin of replication of
pSH71 and genes coding for erythromycin (Emr) and tetracycline (Tcr) resistance. It also contains a promoterless cat gene. Upstream of the
cat gene there is a multiple cloning site (MCS) containing recognition sites for restriction enzymes PstI, EcoRI, PvuII, and BgII. Klenow
refers to Klenow enzyme treatment of the DNA.

both of these strains as transformation hosts. Transforma-
tion of L. lactis protoplasts with the ligation mixture pro-
duced colonies at a very low frequency, ca. 1 transformant
per ,ug of DNA, when the transformation mixture was plated
on M17GS plates containing chloramphenicol (4 ,ug/ml).
Transformation to B. subtilis produced about 200 transfor-
mants per ,ug of DNA when the transformation mixture was
plated onto Luria agar plates containing chloramphenicol (5
jxg/ml).
To select the most efficient promoter fragments, the B.

subtilis transformants were streaked on Luria plates contain-
ing chloramphenicol at 5, 15, 45, and 100 ,ug/ml. Plasmids
were isolated from 11 transformants growing at the highest
drug concentration and used to transform L. lactis. Of these
11 plasmids, 7 transformed L. lactis cells to Cmr.
Four of the promoter clones were characterized in more

detail. Two of these, P1 and P2, were from a direct L. lactis

transformation, and two, P10 and P21, were from a B.
subtilis transformation. For initial characterization, the cel-
lular CAT activities were measured (Table 2). Although the
differences in CAT activities between promoter construc-
tions were more than 20-fold among the lactococci, CAT
activities were considerably lower in L. lactis than in B.
subtilis. However, the order of promoter strength remained
the same in both hosts.
Promoter characterization by sequencing and mapping of

the 5' end of the mRNA. The sizes of the fragments contain-
ing promoter activity were 2,800, 550, 1,200, and 2,900 bp for
P1, P2, P10, and P21, respectively. Approximately 500 bp
were sequenced upstream from the cat gene directly from
the plasmid. Relevant parts of the sequences are shown in
Fig. 2. The 5' end of the cat-specific mRNA produced by
these clones in L. lactis was mapped by the primer extension
method (Fig. 2 and 3).

Hindill

VOL. 57, 1991
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336 KOIVULA ET AL.

TABLE 2. CAT activities of clones screened by the promoter
probe plasmid pKTH1750a

CAT activity
Plasmid Promoter

fragment L. lactis B. subtilis
(mU/ml) (U/mi)

pKTH1816 P1 1.5 0.9
pKTH1817 P2 20.0 4.5
pKTH1820 PlO 2.9 1.2
pKTH1821 P21 1.2 0.8
None (control) 0.4 0.1

a Activity was measured in samples collected 2 h after the culture had
reached the turbidity of 100 Klett units. The control was host strains L. lactis
and B. subtilis without a plasmid.

The putative -35 and -10 sequences closely resembling
the consensus E. coli u70 and B. subtilis U43 (4) recognition
sequences TTGACA (-35) and TATAAT (-10) could be
identified in clones P1, P2, P10, and P21. The -35 regions
were TTGCAT, TTGACA, TTGACA, and TTGAAA and
the -10 regions were TAAAAT, TATTAT, TATACT, and
TATCAT for P1, P2, P10, and P21, respectively. The spac-
ing between the -35 and -10 regions varied from 17 to 18 bp
and was thus similar to the spacing in B. subtilis (17 to 19 bp)
and E. coli (16 to 18 bp) promoters. In front of the -10
regions, separated by 1 nucleotide, a TG nucleotide pair was
found. This pair is weakly conserved in E. coli (10) but more
conserved in gram-positive bacteria (6). Four of the five L.
lactis subsp. cremoris promoters isolated by van der Vossen
et al. (31) also contained this pair of nucleotides. The spacing
between the 5' end of the mRNA and the -10 hexanucle-
otide was 6 bp for P1, 6 bp for P2, 96 bp for P10, and 8 or 11
bp for P21. The reason for the long distance observed in
clone P10 is not known. It may be the result of experimental
conditions or of in vivo degradation of mRNA.

Transcriptional efficiency of the promoter fragments. There
are translational stop codons in all three reading frames
between the cloning site and the cat gene in the promoter
probe plasmid pKTH1750. The cat gene is also preceded by
a Shine-Dalgarno sequence. Therefore, translation of the
gene should initiate at the same position and elongate at the
same rate in all promoter clones. However, the secondary
structure of mRNA can affect both the rate of initiation of
translation and the half-life of the mRNA molecules. Thus,
direct measurement of product activity may not reflect
actual promoter strength.
To determine whether the mRNA levels are consistent

with the CAT activities, the steady-state levels of the cat
gene-specific mRNAs of the clones were determined. Total
RNA was isolated, and the mRNA was detected by North-
ern blotting and hybridization (Fig. 4). The autoradiogram
was scanned with a densitometer. The relative amounts of
mRNA were 1 for P21, 5 for P1, 9 for P2, and 6 for P10. The
mRNA levels showed a correlation with the CAT activities.
For example, P2, with the highest enzyme acivity, also
produced the highest amount of mRNA, and the low CAT
activity of P21 corresponded to a low mRNA level. How-
ever, the mRNA level of P1 was higher than would have
been predicted from the CAT activity. This discrepancy
could be due to the long distance between the promoter and
the cat gene (ca. 600 bp).
Comparison of expression units isolated by two different

methods. In addition to the promoters isolated during this
work, promoter-signal sequence fragments from the L. lactis
subsp. lactis chromosome have been isolated in our labora-

P1

5' AAAATAAAAATGGACTCAGGCTAGAAAAAT
-35

AAAGGCTTTTATGAAAGAAAGACTTGCATT
-10 *

TGTTGTTGAAAAATGCTAAAATACATAAGT
CCGACTTTTT

P2

5' TAATCCGTAATTTATTGACTTTTATATCAGT
-35

GATTTATGAGTTTTTTCTTGACAGAAGATGG
-10 *

CGAAAAATGGTATTATATCTAGGTACTGTTT
TGCGGTGGT

Plo

5' GACAAAAACCTAATTTATTTTAAATTTTTGCA
-35

TGTAATGAGTTTATTCTTGACAACTTTTGGGA
-10

AACTTGGTATACTAATATAGTCGTTTAAGAGAA
ACGCAGGCGTGGCTCAACTGGATAGAGTACCTG
ACTACGAATCAGGCGGTTGTAGGTTCGAATCCT

ACCGCTTGCATAAATAAAATATGA

P21

5' ACGAGTGCAGCTGAAAAAGCTTATCTTTTTGAT
-35

ATCCTATTAATCAAGTTGACCTTGAAAAAAAAC
-10 * *

TGAAAATCTGTTATCATAAATAATGGACATTTT
ATAATGATGATGATGA

FIG. 2. Nucleotide sequences of putative promoters P1, P2, P10,
and P21 of L. lactis. The sequencing was accomplished directly from
the plasmids pKTH1816 (P1), pKTH1817 (P2), pKTH1820 (P10),
and pKTH1821 (P21). Only part of each cloned fragment is shown.
The putative -35 and -10 regions are underlined, and the 5' end of
the mRNA is marked with an asterisk above the corresponding
nucleotide.

tory (26a). These fragments promote both expression and
secretion of E. coli TEM 1-lactamase from L. lactis. These
two sets of promoters were compared at the DNA and RNA
levels to test for differences. There was only a low level of
protein in the culture medium of lactococci, and therefore it
is possible that, in general, the promoters for the secreted
proteins are weaker than those for cytoplasmic proteins.
The relevant parts of the nucleotide sequences of the

promoter-signal sequence fragments ss3O, ss38, ss45, and
ss8O are shown in Fig. 5. Putative -35 and -10 regions were
also identified in these fragments, but they were not very
close to the consensus sequences. The spacing between the
-35 and -10 regions for ss3O (13 bp), ss38 (13, 23, or 18 bp),
ss45 (20 bp), and ss8O (11 bp) was either shorter or longer
than the spacing in P1, P2, P10, and P21 (17 to 18 bp).
The promoter efficiencies of these two sets were compared

APPL. ENVIRON. MICROBIOL.
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FIG. 3. Identification of the 5' ends of mRNAs specified by the
L. lactis promoters P1, P2, P10, and P21. Mapping was done by the
primer extension method with [a-32P]dCTP as the label. The primer
extension reactions of P1, P2, P10, and P21 were run in a 6%
sequencing gel, an autoradiogram of which is shown. The nucleotide
sequences of P2 (A) and P1 (B) were used as standards.

at the mRNA level. The RNA of the promoter-signal se-
quence constructions was isolated, and P-lactamase-specific
mRNA was analyzed by Northern blotting (data not shown)
and compared with the mRNA levels produced by the
promoter constructions P1, P2, P10, and P21. The promoters
isolated with cat were found to produce more mRNA than
the promoters isolated together with a signal sequence. The
differences in the mRNA levels were roughly 10-fold in favor
of the former set.

Construction of the hybrid expression and secretion unit. A
recombinant plasmid was made to test the possibility of
constructing a new functional expression-secretion unit from
parts of different origins (Fig. 6). The plasmid contained a
hybrid of the most efficient promoter (P2) and the region
promoting efficient secretion of TEM 3-lactamase (ss45)
devoid of its own promoter. The putative promoter region of
P2 and the signal sequence and bla region of ss45 were
isolated from the plasmids pKTH1817 and pKTH1807, re-
spectively, by polymerase chain reaction (PCR). The DNA
fragments synthesized contained a recognition site for XbaI
at the region corresponding to the mRNA start site. The
fragments were digested with XbaI and ligated. This ligation
regenerated the authentic 3' and 5' sequences of the mRNA
start region for P2 and ss45, respectively. The ligation
mixture was digested with ClaI and BglII, and the hybrid
fragment was isolated from agarose gel and amplified by
PCR. Finally, the fragment was digested with PvuII and

1 2 3 4 5

4.4-

2.1-

1.4-

FIG. 4. Northern hybridization analysis of L. lactis promoter
constructions P1, P2, P10, and P21. Denatured total RNAs were run
in an agarose gel, blotted to a nitrocellulose membrane, and hybrid-
ized with [a-32P]dCTP-labeled pPL603. The RNAs were isolated
from L. lactis containing no plasmid (lane 1), pKTH1816 (P1) (lane
2), pKTH1817 (P2) (lane 3), pKTH1820 (P10) (lane 4), or pKTH1821
(P21) (lane 5). As a molecular size marker, a commercial RNA
ladder (Bethesda Research Laboratories Life Technologies, Inc.)
was used. The fragment sizes are shown in kilobases.

ligated to pVS2 vector which had been digested with HpaII
and treated with Klenow.
The ligation mixture was transformed into L. lactis cells

by electroporation and plated on M17GS plates containing
chloramphenicol (5 ,ug/ml). The transformants were
screened for P-lactamase production by the Nitrocefin test.
One of the positive transformants was selected. Plasmid
DNA was isolated, and the promoter-signal sequence joint
region was determined by sequencing. This plasmid was
designated pKTH2001. The L. lactis strains containing plas-
mids pKTH1807 and pKTH2001 were grown for the analysis
of,-lactamase production. The activities were measured in
supernatant samples collected 2 h after the culture had
reached a turbidity of 100 Klett units (no. 66 filter). The
activities were 210 and 2,900 U/ml for pKTH1807 and
pKTH2001, respectively. The strain containing plasmid
pKTH2001 thus produced 10 times more P-lactamase than
the strain containing the original plasmid pKTH1807, di-
rectly reflecting the mRNA levels of the two promoters.

DISCUSSION

In this article we describe the isolation and characteriza-
tion of DNA fragments from the L. lactis subsp. lactis
chromosome containing promoter activity. We also report
the use of one of the promoters for the efficient expression of
E. coli TEM 1-lactamase.
The promoters were isolated by using B. subtilis and L.

lactis as transformation hosts, and Cmr transformants were
obtained in both strains. Thus, lactococcal promoters were
functional in a Bacillus species, which has also been re-
ported by van der Vossen et al. (31). However, not all the
promoters that were functional in B. subtilis could render the
L. lactis cells Cmr. Also, CAT activities were substantially
lower in L. lactis than in B. subtilis. The low CAT activities
may not reflect actual promoter function but rather the poor
functioning of the cat system in lactococci. This was sup-
ported by our finding that the steady-state levels of mRNAs
from the four promoters were roughly the same in both host
strains (data not shown). This suggests that the low CAT

VOL. 57, 1991
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ss3O A

-35 -10
5' ATTCCAAAAATTTGTTATAATCGATATGTGAATTTT

AACACAAAAGGAGTAACTATGAAA
METLys

ss38

-35 -10
5' ATTTTCATTTGCTTCCGATTTACTGACTTAAAAGTT

AAAGATATAGTAAATTATAAAATAAAAATGTATTTT
-35 -35 -10

TTGAAATCAAAATTACATTTTTTGCTTGCTTAAATG
-10

AAACTAAACATGTTATACTCCTAGTATTATGAAA
METLys

P2 5'-md of the mRKA

I PCR (o288, o299)

Pstl EcoRI Pvull
/-- XbalCal ~-

Xbal

8S45

Xbal

o290 5'-Gnd of he mRNA
sa45

bba

pKTHIS07

I PCR (0289,0290)

8 f

*a45 bla

ligaton

Bgll Pvull

y
Xbal

I el, B9gll

5' TTAAATATTTCATTATGTAAAAACCGCTTACAAAAA
-35

TTTATTACTACTATTGTATCAAAATTCTGTCAAATT
-10 *

TGATAAAATAAGGTACGAGTAAGAAGAACTTATACA
ATGATCATATTGAAAAAATATAATTCAAGAAGAGAG
ATGTTATAAGAGGTATTTTTGCATTGGGCAAAAAGC
GATGTGAAATCACATGGCTTTCGAACCTAAAAGAGA
TGGGTTTGAAACGTATTACTGAAGGGAACCTAGAAT
AGTGAAA
METLys

ss80

5' ATTATTTACAAAACATTTACATAAGAACGCTGTCAT
-35 -10

CAAGCGACCTTTGAGGGGGCATTATGTTATAATTAA
*

GCTATGAAGAAGAAAATTTTTATTGCTTTGATGGCC
METLysLysLysIlePheIleAlaLeuMETAla

FIG. 5. Nucleotide sequences of putative promoter regions of
promoter-signal sequence fragments ss3O, ss38, ss45, and ss8O. The
putative -35 and -10 regions are underlined, and the 5' end of the
mRNA, if mapped, is marked with an asterisk above the corre-

sponding nucleotide. The first amino acids of the signal peptide are

also indicated. In ss8O, the two possible initiation sites are indicated
by boldface (first MET) and lightface (second MET) letters.

activity is due either to decreased translational efficiency or

to the shorter half-life of the enzyme. The use, in lactococci,
of a cat-specific promoter probe vector probably favors the
selection of powerful promoters.
From the fragments isolated in this study (P1, P2, P10, and

P21), sequences which closely resembled the consensus

vegetative promoters of E. coli and B. subtilis could be
identified. The nucleotide sequences of the -35 and -10
regions and the distances between the hexanucleotides
matched those of the corresponding regions of E. coli a70
and B. subtilis r43 promoters (4). This was also the case with
the previously isolated promoters of L. lactis subsp. cremo-

ris (31). The -35 and -10 regions of the promoters isolated
from L. lactis subsp. lactis bacteriophage BK5-T (17), how-

B

025

025

02901

5-TTTTCTfTT~CACGAA1tTAGOCAAA3
PVw No

5'-TciTTTl IGAGAGA1AAATA-

C&M

FIG. 6. Construction of a plasmid containing a new promoter
signal sequence combination, P2-ss45. (A) Abbreviations and sym-
bols: Cmr, Em', and Tc', chloramphenicol, erythromycin, and
tetracycline resistance genes, respectively; solid box, promoter P2
region; open box, signal sequence ss45 region; hatched box, P-lac-
tamase coding region; o and number, oligonucleotide primer. (B)
Oligonucleotides used in the construction of the hybrid fragment.

ever, showed no obvious similarity to the consensus se-

quence of E. coli promoters. Although the data obtained
with four promoters are not sufficient to make general
conclusions, it seems that promoter strength correlated with
the better match to the consensus promoter sequences,
whether the efficiencies were determined as mRNA produc-
tion or as CAT activity.
Sequence analysis of the clones showed that promoter P2

P2 ss45 bla

PCR (o289, o299)
Hpall/Pvull

Hpall
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was nearly identical to the L. lactis subsp. cremoris pro-
moter 21 cloned by van der Vossen et al. (31). There were 3
nucleotide changes in a 180-bp region. This is a clear
indication that these two subspecies are very close relatives,
since the sequences lie outside of the structural gene. One of
the putative promoters (P1) was accompanied by an open
reading frame coding for ribosomal proteins (unpublished
data), which suggests that at least this promoter is biologi-
cally functional.
We have also isolated putative promoters along with a

signal sequence (ss30, ss38, ss45, and ss80). Putative -35
and -10 regibns were found for these promoters, but the
distance between them was either too short or too long
compared with the spacing of typical E. coli and B. subtilis
promoters. These promoters produced less mRNA than the
ones isolated by the promoter probe vector, indicating their
lower efficiency, although the degradation rate could also
have affected the mRNA level. However, these promoters
were the most efficient ones that could be isolated by their
ability to both express and secrete ,-lactamase. This sug-
gests that the lactococcal promoters responsible for the
expression of secreted proteins are not very strong.
By changing the promoter of one of the promoter-signal

sequence constructions (ss45) to a more efficient one (P2),
production of P-lactamase increased 10-fold, up to 2,900
U/ml, in the culture supernatant. It correlated well with the
mRNA data, which showed an approximately 10-fold differ-
ence in mRNA levels. This suggests that, at least in the case
of ss45, the low protein production resulted from the low
level of transcription rather than rate-limiting translocation.
It appears that better expression and secretion units may be
constructed from separate promoters and signal sequences.
The results obtained here show that it is possible to con-
struct vehicles for the improvement of starter strains or even
the production of heterologous proteins.
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