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We report the development of a nonantibiotic and nonpathogenic host-plasmid selection system based on
lactococcal genes and threonine complementation. We constructed an auxotrophic Lactococcus lactis
MG1363�thr strain which carries deletions in two genes encoding threonine biosynthetic enzymes. To achieve
plasmid-borne complementation, we then constructed the minimal cloning vector, pJAG5, based on the genes
encoding homoserine dehydrogenase-homoserine kinase (the hom-thrB operon) as a selective marker. Using
strain MG1363�thr, selection and maintenance of cells carrying pJAG5 were obtained in threonine-free
defined media. Compared to the commonly used selection system based on erythromycin resistance, the
designed complementation system offers a competitive and stable plasmid selection system for the production
of heterologous proteins in L. lactis. The potential of pJAG5 to deliver genes for expression in eukaryotes was
evaluated by insertion of a mammalian expression unit encoding a modified green fluorescent protein. The
successful delivery and expression of genes in human kidney fibroblasts indicated the potential of the designed
nonantibiotic host-plasmid system for use in genetic immunization.

The continuous discovery of new vaccines and therapeutics
poses a challenge to systems available for heterologous protein
production. A suitable choice of host and production condi-
tions is important for the manufacture of a pharmaceutical-
grade product. We have recently developed a plasmid expres-
sion system for use in the lactic acid bacterium Lactococcus
lactis (28). In this paper, we present a nonantibiotic alternative
for selection of plasmid-harboring bacterial cells for use in
heterologous gene expression.

Due to its food-grade status, L. lactis is attractive for both
production and live delivery of vaccines and therapeutics. Re-
cently, several examples of nondairy applications of this bac-
terium have been reported, and the development of plasmid-
borne gene expression systems has made it possible to use L.
lactis for the production of heterologous proteins (1, 5, 7, 11,
20, 21). Furthermore, L. lactis has been placed in a new class of
live bacterial vaccine carriers derived from gram-positive, non-
pathogenic, and noninvasive bacteria (reviewed in reference
33). Recently, live delivery was accomplished by feeding mice
immunogen-synthesizing L. lactis organisms, thus obtaining
mucosal delivery of the Helicobacter pylori urease subunit B
antigen (22) and of the pneumococcal type 3 capsular polysac-
charide antigen (12). The delivery of therapeutics using live
recombinant L. lactis has been demonstrated by in situ secre-
tion of interleukin-10 for treatment of colitis in mice (37).

Although L. lactis is generally regarded as safe, this status
can be compromised by the introduction of foreign DNA nec-
essary for the synthesis of recombinant proteins. Usually, high-
copy-number plasmids are used for high-level expression of
recombinant proteins (1, 5, 7, 11, 20, 21). A simple way to

prevent plasmid loss is to use plasmid-encoded antibiotic re-
sistance markers and grow the bacteria in the presence of
antibiotics. The chief drawbacks of this approach are the po-
tential loss of selective pressure as a result of antibiotic deg-
radation (as in the case of �-lactamase) and contamination of
the biomass or purified protein by antibiotics and resistance
genes, which is unacceptable from a medical point of view.

Alternative genetic markers for L. lactis have been devel-
oped. Depending on the type of selection, they can be placed
in two groups: resistance and complementation markers. Ex-
amples of resistance markers that confer immunity to an added
agent, such as nisin (8) or the metal ions cadmium (Cd2�) (24)
and copper (Cu2�) (23), have been designed for plasmid main-
tenance. Although some strains of L. lactis are naturally resis-
tant to nisin and metal ions, the dominant nature of resistance
markers makes them versatile, as they can be used in different
lactococcal strains.

The use of auxotrophic markers is based on complementa-
tion of a mutation or deletion in the host chromosome and is
therefore strain specific. In L. lactis, the first example was
based on complementation of a lacF mutant strain deficient in
lactose utilization (26). In two other systems, auxotrophic
markers complement purine- and pyrimidine-auxotrophic
strains using genes encoding nonsense tRNA suppressors (6,
36). In these systems, expression of the plasmid-borne suppres-
sor tRNA gene allows read-through of a nonsense mutation(s)
in the genes encoding purine or pyrimidine biosynthetic en-
zymes. Both systems permit selection in milk or other media
that contain no, or small amounts of, purines or pyrimidines.

We previously constructed a threonine-auxotrophic deriva-
tive of the L. lactis MG1614 strain containing an internal de-
letion in the hom-thrB operon (27). The bicistronic hom-thrB
operon encodes the homoserine dehydrogenase and homo-
serine kinase catalyzing two of the five steps converting aspar-

* Corresponding author. Mailing adress: Department of Lactic Acid
Bacteria, Biotechnological Institute, Kogle Allé 2, DK-2970 Hørsholm,
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tate to threonine. Thus, a hom-thrB strain cannot synthesize
threonine and therefore needs an external source of threonine.

In this paper, we report the construction of a plasmid selec-
tion system in L. lactis based on complementation of a threo-
nine-auxotrophic strain using the hom-thrB operon. The plas-
mid is based only on a lactococcal replicon and the hom-thrB
operon. We demonstrate its use for heterologous gene expres-
sion in L. lactis and for delivery of genes for in vitro expression
in mammalian cells.

MATERIALS AND METHODS

Strains and growth conditions. Strains and plasmids are listed in Table 1.
Unless otherwise stated, Escherichia coli was grown at 37°C in Luria-Bertani
medium (35), while L. lactis was grown at 30°C in M17 medium (Oxoid, Basing-
stoke, United Kingdom) supplemented with 0.5% glucose (GM17) or in syn-
thetic LM3-30 medium (A. Vrang, unpublished data) containing 3% glucose and
all amino acids except aspartic acid. When appropriate, either 100 �g of ampi-
cillin/ml or 250 �g of erythromycin (Ery)/ml was added for E. coli and 1 �g of
Ery/ml was added for L. lactis. 5-Bromo-4-chloro-3-indolyl-�-D-galactopyrano-
side (X-Gal) was used at a concentration of 160 �g/ml in agar plates for L. lactis.
One-liter L. lactis cultures were cultivated for 30 h in LM3-30 in 2-liter fermen-
tors at 30°C; 5 M KOH was automatically added to maintain the pH at 6, and the
agitation rate was set at 300 rpm. Growth was monitored by measuring the
optical density at 600 nm, and samples of supernatants were taken every hour.
Complemented MG1363�thr prototrophs were selected on 1.5% agarose plates
containing LM3-30 without threonine using cells that had been washed in 0.9%
NaCl to remove threonine.

DNA isolation and manipulation. Chromosomal (17) and plasmid (30) DNAs
from L. lactis were prepared as described previously. E. coli plasmids were
isolated using a plasmid extraction kit from Genomed (Bad Oeynhausen, Ger-
many) as recommended by the manufacturer. L. lactis was made electrocompe-
tent and transformed as described previously (14), while competent E. coli
DH10B cells were purchased (Invitrogen, Groningen, The Netherlands) and
transformed as recommended by the manufacturer. DNA restriction and mod-
ification enzymes (New England Biolabs, Beverly, Mass.) were used as recom-
mended by the manufacturer.

Plasmid DNA was sequenced with a Thermo Sequenase fluorescently labeled

primer cycle-sequencing kit (Amersham Pharmacia, Uppsala, Sweden), Cy5-
labeled primers, and an ALFexpress DNA sequencer (Amersham Pharmacia).

Construction of the threonine-auxotrophic L. lactis MG1363�thr strain. The
threonine-auxotrophic MG1363�thr strain was constructed as described previ-
ously(27) using the integration vector pSMA507 (Table 1). This plasmid contains
an Ery resistance marker, a plasmid origin of replication from E. coli, the lacLM
genes, and the L. lactis hom-thrB genes from MG1614 lacking the distal 310-bp
end of hom and the proximal 57 bp of thrB (27). Plasmid pSMA507 was elec-
troporated into L. lactis MG1363, and Ery-resistant transformants were isolated
and cultured in GM17 without Ery for 75 generations. Cells were plated onto
GM17 plates with X-Gal and screened for loss of the plasmid and concomitant
loss of �-galactosidase activity. Chromosomal DNAs from white colonies and
from an MG1363 wild-type colony were amplified to screen for deletions in the
hom-thrB operon by PCR using the primers pThr-frw1 and pThr-rev1 (Table 2).
PCR of strain MG1363 DNA gave rise to a 2,083-bp fragment, while DNA from
the deletion mutant gave a 1,716-bp fragment.

TABLE 1. Strains and plasmids

Bacterium or plasmid Characteristic(s) Reference or source

L. lactis
MG1363 10
MG1614 10
MG1614�thr �hom �thrB 27
MG1363�thr �hom �thrB This work

E. coli DH10B Laboratory strain Invitrogen

Plasmids
pGEM7Zf(�) lacZ bla Promega, Southampton, United Kingdom
pCR2.1 lacZ bla kan Invitrogen
pEGFP-N1 CMV promoter-EGFP-SV40 poly(A); kan Clontech, Palo Alto, Calif.
pG3E pGEM-3Zf(�)::1.2 kb; ermL 32
pSMA231 pGEM-7Zf(�)::1.8 kb; �hom-thrB 27
pSMA507 �hom �thrB lacLM ermL 27
pSMBI109 Citrate replicon-P170 promoter-SP310mut2; nucB ermL A. Vrang, unpublished
pAK80 Citrate replicon 16
pJAG1 pCR2.1::0.6 kb; 5� end of hom This work
pJAG2 pGEM-7Zf(�)::2.4 kb; hom-thrB This work
pJAG3 pG3E::1.8 kb; citrate replicon This work
pJAG4 pJAG3::2.4 kb; hom-thrB This work
pJAG5 Citrate replicon; hom-thrB This work
pJAG6 pJAG5::0.9 kb; P170 promoter-SP310mut2; nucB This work
pJAG7 pCR2.1::1.6 kb; CMV promoter-EGFP-SV40 pA This work
pJAG8 pJAG4::1.6 kb; CMV promoter-EGFP-SV40 pA This work

TABLE 2. Nucleotide sequences of PCR primers

Primer Sequencea

pThr-frw1 (XbaI) .......5�-TATCGTCTAGACTGATTAATCTGTCAGTA
AAATAGAAG-3�

pThr-rev1 ....................5�-GCTACTTCTAAATTATTTGTC-3�
pThr-rev2 (EcoRI).....5�-ATTAAGAATTCCCAACAGATGTGTAATTT

TATCAGATGAAAATGAATTAGCCAAAGT
TCTTAAAATAGGAATACCCCC-3�

pCMV-frw (SpeI).......5�-TATCGACTAGTTAGTTATTAATAGTAATC
AATTACGGGG-3�

pBGH-rev (SpeI) .......5�-TATCGACTAGTTGATGAGTTTGGACAAAC
CACAACT-3�

pNuc-frw (SacI) .........5�-TTCGCGAGCTCGAGGGGAAGTAATT-3�
pNuc-rev (KpnI).........5�-TATCGGGTACCCGATCTAAAAATTATAAA

AGTGCCA-3�
pM13-frw.....................5�-GTAAAACGACGGCCAGT-3�
pM13-rev.....................5�-CAGGAAACAGCTATGAC-3�

a Enzyme recognition sequences are underlined, and the altered EcoRI site in
pThr-rev2 is italicized.
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Cloning of the L. lactis hom-thrB operon. Part of the hom-thrB operon of
MG1614 was cloned in pSMA231, which contains 1,800 bp of the 3� end of the
hom gene and the complete thrB gene (27). The 5� end of hom, including the
promoter region, was PCR amplified with the primers pThr-frw1 and pThr-rev2
using MG1614 chromosomal DNA as a template. pThr-frw1 was designed to
introduce an XbaI recognition sequence, and pThr-rev2 was designed to anneal
to the region located 403 to 480 bp downstream of the start codon of hom. This
region includes two EcoRI sites located 408 and 471 bp downstream of the hom
start codon. To remove the former EcoRI site, pThr-rev2 was further designed
to introduce an A-to-T substitution at this position (Table 2). The resulting PCR
product was cloned into pCR2.1, giving rise to pJAG1, which was sequenced
using the sequencing primers pM13-frw and pM13-rev. The 5� end of hom was
moved from pJAG1 into pSMA231 using XbaI and EcoRI, which resulted in
pJAG2, harboring the complete hom-thrB operon.

Construction of the pJAG4 E. coli-L. lactis shuttle vector containing the hom-
thrB marker. Plasmid pG3E is derived from pGEM-3Zf(�) and confers Ery
resistance in E. coli (32). A 1,757-bp EcoRI fragment from pAK80 containing the
lactococcal minimal replicon from the citrate plasmid (31) was inserted into the
EcoRI site of pG3E. The resulting pJAG3 conferred Ery resistance on trans-
formed MG1363�thr cells. pJAG2 was digested with XbaI and HindIII, and the
complete hom-thrB operon was isolated on a 2,401-bp fragment and inserted into
similarly digested pJAG3 to give pJAG4.

Construction of the pJAG5 L. lactis cloning vector. HaeII digestion of pJAG4
produced a 4,636-bp fragment containing the citrate replicon, the hom-thrB
operon, and the polylinker. To favor self-religation, the isolated fragments were
ligated in a large volume. The resulting vector, pJAG5 (Fig. 1), showed comple-
mentation of the MG1363�thr strain on LM3-30 plates without threonine.

Construction of the pJAG6 expression vector containing the Staphylococcus
aureus nuclease gene. We have constructed plasmid pSMBI109, which contains a
gene cassette harboring the inducible P170 promoter (A. Vrang et al., unpub-
lished), the optimized signal peptide SP3mut2 (34; P. Ravn, J. Arnau, S. M.
Madsen, A. Vrang, H. Israelsen, unpublished data), and the S. aureus nucB
nuclease (Nuc) gene (4). This gene cassette was PCR amplified using the pNuc-
frw and pNuc-rev primers, which introduced terminal 5� SacI and 3� KpnI
recognition sequences. The resulting 914-bp fragment was digested with SacI and
KpnI and ligated to the similarly digested pJAG5, resulting in pJAG6.

Construction of pJAG8 for eukaryotic expression of the green fluorescent
protein. The gene encoding the red-shifted variant of the green fluorescent
protein (EGFP) was isolated from pEGFP-N1 using PCR and the primers
pCMV-frw and pBGH-rev. Both primers contained terminal SpeI sequences.
The resulting �1,650-bp fragment included the cytomegalovirus (CMV) pro-
moter and enhancer regions and the simian virus 40 (SV40) polyadenylation
signal sequence (SVpA). This fragment was cloned into pCR2.1, producing
pJAG7. The EGFP expression cassette was isolated as an SpeI fragment from
pJAG7 and ligated into XbaI-digested pJAG5 to produce pJAG8.

Plasmid stability. To test the segregational stability of pJAG5 during expo-
nential growth, transformed MG1363�thr cells were grown for 100 generations
under nonselective conditions. Every 10 generations, diluted samples were cul-
tured on plates with and without threonine. During fermentation, segregational
stability was tested at the transition to stationary phase and again 15 h after the
onset of stationary phase. Strains with pJAG6 were tested on LM3-30 medium
with and without threonine, and strains with pSMBI109 were tested on GM17
medium with and without Ery.

Nuclease activity determinations. Nuc activities were determined by incuba-
tion of culture supernatants with sonicated salmon DNA as a substrate followed
by precipitation in ice-cold perchloric acid and measurement of absorbance at
260 nm (Vrang et al., unpublished). One unit of Nuc is defined as the amount of
nuclease that will produce 1 �mol of acid-soluble polynucleotide per min from
native DNA.

In vitro expression of EGFP from pJAG8 in human kidney cells. Adherent
human 293 kidney fibroblast cells were incubated in RPMI medium (Gibco, New
York, N.Y.) supplemented with 10% fetal calf serum for 24 h at 37°C in the
presence of 5% CO2. The cells were transfected with pJAG8 using the Effectene
transfection kit (Qiagen, Hilden, Germany) as described by the manufacturer.
Expression of EGFP was visualized by fluorescence microscopy at 488 nm 24 h
after transfection.

RESULTS

Construction of a threonine-auxotrophic L. lactis MG1363�thr
strain. To construct MG1363�thr, we used the integration
vector pSMA507, which harbors a truncated hom-thrB operon
and lacLM and is unable to replicate in L. lactis. First, trans-
formed cells viable on GM17 plates containing X-Gal and Ery
should have pSMA507 integrated into their chromosomes due
to homologous recombination into the hom-thrB genes and
should form blue colonies. Second, without antibiotic pressure,
cells whose chromosomes would undergo a second homolo-
gous recombination between neighboring sets of hom-thrB
genes should form white Ery-sensitive colonies. Following this
strategy, genomic DNAs from 10 white colonies were analyzed
by PCR, which for all isolates indicated the presence of an
internal hom-thrB deletion. Phenotypic tests on plates without
threonine confirmed the threonine auxotrophy of these iso-
lates, one of which was named strain MG1363�thr.

Construction and testing of a hom-thrB-complementing
shuttle vector, pJAG4. Details of plasmid construction are
described in Materials and Methods and Table 1. For replica-
tion in L. lactis, the minimal replicon from the citrate plasmid
of Lactococcus lactis subsp. lactis biovar diacetylactis was
cloned into pG3E to give pJAG3, which conferred Ery resis-
tance on transformed MG1363�thr cells. The assembled hom-
thrB operon from pJAG2 was then added to give pJAG4.
MG1363�thr transformed with pJAG4 carrying hom-thrB was
able to grow on medium without threonine, demonstrating
complementation. To compare the transformation efficiencies
of the hom-thrB and Ery resistance markers on pJAG4, trans-
formed cells were spread on LM3-30 plates without threonine
and LM3-30 plates with Ery, respectively. The experiment was
done twice in triplicate and showed that the numbers of CFU
were similar (hom-thrB complementation, 106 � 9 CFU; Ery
selection, 112 � 11 CFU) on the two types of plates, indicating
that hom-thrB selection was as efficient as Ery selection.

Construction and testing of the minimal lactococcal comple-
mentation vector, pJAG5. We aimed at constructing a minimal
complementation vector based solely on lactococcal DNA
which contained only complementing genes, an origin of rep-
lication, and a versatile polylinker and no antibiotic resistance
gene or nonlactococcal DNA, such as an E. coli origin of
replication. Therefore, the citrate replicon, the polylinker,
and hom-thrB were isolated from pJAG4 on a single frag-
ment, which was religated and electroporated into strain
MG1363�thr. Prototrophic colonies were isolated on LM3-30
plates without threonine, and a subsequent plasmid analysis
confirmed the structure of the resulting cloning vector, pJAG5

FIG. 1. Minimal cloning vector pJAG5. The arrows indicate the
direction of transcription. repB encodes the replication protein of the
citrate replicon, and hom and thrB encode homoserine dehydrogenase
and homoserine kinase, respectively. Only unique restriction sites are
indicated.
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(Fig. 1). This plasmid was stably maintained under nonselec-
tive conditions, since no plasmid loss was observed during
cultivation for 	100 generations in LM3-30 medium.

Secretion of S. aureus nuclease in fermentations. The capac-
ity of the designed complementation system for use in plasmid-
borne gene expression was compared to that of the currently
used selection system based on antibiotic resistance. As a re-
porter gene, we used nucB fused to the optimized SP3mut2
signal peptide sequence. The reporter gene was transcribed
from the pH- and growth-phase-regulated P170 promoter (28).
We analyzed the level of nuclease production using this re-
porter gene in two vectors, both containing the theta-type
citrate replicon but harboring either the hom-thrB-comple-
menting marker (pJAG6) or the Ery resistance marker
(pSMBI109). These plasmids were tested in MG1363 and
MG1363�thr under different growth conditions, and the levels
of Nuc activity were compared after 30 h of fermentation and
at an optical density at 600 nm of approximately 6 (Table 3).
First, the influence of a chromosomal hom-thrB deletion was
investigated by comparing the Nuc expression of pSMBI109-
transformed MG1363 and MG1363�thr strains in the presence
of threonine. As the fermentation showed identical levels of
Nuc activity in the two strains, the use of a hom-thrB deletion
mutant did not affect the level of expression under nonselective
conditions. Second, we compared pJAG6(hom�-thrB�) and
pSMBI109(ermL�) in MG1363�thr under the same condi-
tions. The results showed that the Nuc activities using these
plasmids in the auxotrophic strain were also identical. Third,
we compared the two plasmid-host systems under selective
conditions and found that the Nuc activity of the MG1363�thr/

pJAG6 system was slightly higher than that of the MG1363/
pSMBI109 system (13.2 � 0.8 versus 10.5 � 0.5 U/ml). This
result indicated that endogenous synthesis of threonine did not
affect heterologous gene expression. However, the growth rate
of MG1363�thr/pJAG6 was slightly (
10%) impaired under
these conditions. Relief of the selective pressure by the pres-
ence of threonine, however, did not lead to pJAG6-free
MG1363�thr cells, as the numbers of CFU on LM3-30 plates
with and without threonine were similar (data not shown).

The results show that the complementation system offers an
effective and stable plasmid selection system for production of
heterologous Nuc in L. lactis.

Expression of green fluorescent protein in human kidney
fibroblasts. To test whether pJAG5 was capable of transient
transfection of eukaryotic cells and gene delivery for in situ
expression, we cloned the reporter cassette harboring the
CMV promoter, the EGFP gene, and the SVpA polyadenyla-
tion signal sequence into pJAG5, resulting in pJAG8. Intro-
duction of pJAG8 into the nuclei of the cells was facilitated by
using lipid-formulated plasmid. It should be noted that pJAG8
contains no eukaryotic selection marker or replication system
for maintenance in fibroblast cells. The fibroblasts were visu-
alized by phase-contrast microscopy, but only transfected cells
expressing the cytoplasmic reporter EGFP were visible on epi-
fluorescence micrographs (Fig. 2). The successful transfection
of eukaryotic cells and the detectable expression of EGFP (Fig.
2) demonstrated the utility of the pJAG5 cloning vector for
gene delivery and in situ expression in eukaryotic cells.

DISCUSSION

While the presence of antibiotic resistance genes on recom-
binant plasmids allows for efficient selection and maintenance
in transformed cells, their use is undesirable in medical bio-
technology, as even trace amounts of �-lactams, such as pen-
icillin, or macrolides, such as Ery, can cause anaphylactic shock
in sensitized persons (9, 18). Furthermore, the continued
spread of antibiotics and their resistance genes, leading to
multiresistant pathogens, is a topic of public concern. Here, we
describe the development of a nonantibiotic plasmid selection
system based on complementation for use in L. lactis. The
system includes (i) a minimal cloning vector (pJAG5) encoding
threonine biosynthetic enzymes and harboring a lactococcal

FIG. 2. Adherent human 293 kidney fibroblasts transfected with pJAG8. (A) Phase-contrast micrograph illuminated at 488 nm. (B) Epifluo-
rescence micrograph of the same region. U indicates a nonexpressor cell, while T indicates a transfected cell expressing EGFP. Magnification,
�400.

TABLE 3. Nuclease determinations during fermentation

Strain Plasmid Conditionsa Nuc (u/ml � SD)b

MG1363�thr pJAG6 �Thr 13.2 � 0.8
pJAG6 �Thr 11.8 � 0.8
pSMBI109 �Thr 10.9 � 0.8

MG1363 pSMBI109 �Thr 11.1 � 0.4
pSMBI109 �Thr, Ery 10.5 � 0.5
pSMBI109 �Thr 11.8 � 0.3

a �Thr, without threonine; �Thr, with threonine; Ery, with Ery.
b Nuc activities are presented as the means of three Nuc activity determina-

tions.
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theta-type replicon and a polylinker and (ii) a threonine-aux-
otrophic L. lactis MG1363 host strain, permitting selection in
threonine-free growth media such as the synthetic LM3-30.
Notably, pJAG5 is highly stable and can be maintained without
selective pressure for 	100 generations. This is most likely due
to the theta-type mode of replication, which gives structural
and segregational stability (19). Furthermore, L. lactis vectors
of the theta family have narrow host ranges (15, 25, 39), pre-
venting or at least reducing horizontal plasmid transfer to
other microorganisms.

Potential drawbacks of a selection system dependent on
complementation of an auxotrophic strain are growth rate re-
duction and decrease in heterologous protein production
caused by the necessity of endogenous threonine synthesis
under selective conditions. However, both the growth profiles
and the Nuc expression of the hom-thrB-complemented threo-
nine-auxotrophic strain were similar in media with and without
threonine, indicating minimal pleiotropic effects. Furthermore,
our designed antibiotic-free selection system is as effective as
the Ery-dependent system and can be employed when antibi-
otic-free conditions are desired, for instance, during produc-
tion of proteins or plasmid DNA for medical use or production
of recombinant L. lactis for use in live delivery of vaccines or
therapeutics.

The application of pJAG5 (Fig. 1) in eukaryotic gene ex-
pression was analyzed using the green fluorescent protein (2).
An optimized (3) and codon-modified (13) EGFP gene con-
trolled by the constitutive CMV promoter (29) was used for
high-level expression and brighter fluorescence. The small
gene size (714 bp) and the ease with which EGFP expression
can be visualized (no substrate needs to be added) make it
ideal for studying plasmid-mediated gene transfer. As shown in
Fig. 2, we demonstrated EGFP expression in human kidney
fibroblasts using pJAG8 transfection. This shows that the min-
imal pJAG5 vector can be used for delivery and in situ expres-
sion of eukaryotic genes, which to our knowledge is the first
example of an L. lactis-derived plasmid being successfully used
for gene expression in eukaryotic cells. Since genetic immuni-
zation (reviewed in references 38 and 40) involves the direct
delivery of plasmid DNA into patients to elicit an immune
response toward the encoded antigen, the use of a vector
without an antibiotic resistance marker is obviously desirable.
We are investigating the potential use of the pJAG5 vector in
gene delivery for genetic immunization.
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