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I. SUMMARY 2. INTRODUCTION

An efficient protoplast transformation system
and a procedure of plasmid transfer by means of
protoplast fusion is described for Streptococcus
lactis. Protoplasts of S. lactis ILl403 and S. lactis
MG1363 were transformed by pGK12 [2.9 MDa
erythromycin resistance (Emr)] with an efficiency
of 3 X 105 transformants per .ILg plasmid DNA.
This high efficiency was obtained by the inclusion
in the transformation mixture of liposomes com-
posed of cardiolipin and phosphatidyl choline in a
molar ratio of 1 to 6 in the presence of 22.5%
polyethylene glycol (PEG). This paper also reports
an efficient plasmid transfer method between lactic
and streptococci and Bacillus subtilis by means of
protoplast fusion. When S. lactis and B. lactis
protoplasts undergo fusion mediated by exposure
to 37.5% polyethylene glycol, plasmid pGKV21
(3.2 MDa; Emr) was transfered from one host to
the other with a frequency of 10-3-10-5 transfor-
mants per regenerating recipient protoplast.

We have recently described the construction of
promoter-screening vectors [1 ], which are able to
replicate in S. lactis, B. subtilis and Escherichia
coli [2]. Because a satisfactory transformation pro-
tocol for S. lactis was not available, Streptococcus
cremoris-specific promoters could only be selected
in S. lactis af ter precloning in B. subtilis [1 ].
Direct gene cloning in lactic acid streptococci
requires high transformation efficiencies. It has
been reported that in transformation experiments
with Streptomyces protoplasts [3], yeast proto-
plasts [4], and transfection of mammalian cells
with SV-40 DNA [5], entrapment of the DNA in
liposomes increased the delivery of nucleic acids
into the host cell as compared to non-aided inter-
nationalization of naked DNA. Rodicio and
Chater [6] showed that DNA-free liposomes
stimulated polyethylene glycol (PEG)-mediated
transfection of Streptomyces protoplasts and Geis
[7] observed that transfecting DNA could be in-
troduced with a higher efficiency into S. lactis ssp.
Diacetylactis by including liposomes in the trans-
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respectively. Erythromycin was used at a con-
centration of 5 IJ.g/ml for both B. subtilis and S.
lactis, and 50 IJ.g/ml for E. coli.

fusions mediated by the fusogenic agent PEG was
successfully applied to s. lactis [8,9]. More re-
cently, Okamoto et al. [10] showed interspecific
protoplast fusions between S. cremoris and s.
lactis.

In this paper we show that liposomes can be
used to increase the plasmid DNA transformation
efficiency of S. lactis protoplasts. In addition, we
describe a protocol for the fusion of two phylo-
genetically widely separated gram-positives, in
order to transfer plasmids between the two species.

3.2. Isolation of plasmid DNA
Plasmid DNA was isolated from E. coli by the

method of Ish-Horowicz and Burke [21]. Plasmid
DNA from B. subilis was isolated as described
previously [19]. For s. lactis the same method was
used, except that cells were lysed with a coctail of
2 mg/m1 lysozyme and 100 p.g/m1 mutanolysin
(Sigma Chemica1 Co.).

3. MA TERIALS AND METHODS 3.3. Protoplast formation
Protoplasts of B. subtilis were prepared as de-

scribed by C bang and Coben [22]. Protoplasts of
B. subtilis, used as tbe donors for protoplast fu-
sions, were concentrated 100-fold in S25MM. Pro-
toplasts of S. lactis were prepared by tbe metbod
of Okamoto et al. [23] witb minor modifications

[1].

3.1. Bacterial strainsJ plasmids and media
The strains and plasmids used are described in

Table I. For preparing plasmid DNA, B. subtilis
and E. coli were grown in TY broth. s. lactis
strains were cultured in glucose-Ml7 broth [20]
(Difco Laboratories, East Molesey, U.K.). Chlo-
ramphenicol was added at final concentrations of
5 ILg/ml and 2 ILg/ml for B. subtilis and E. coli, 3.4. Preparation of liposomes

Small unilaminar vesicles were made by mixing
L-a-phosphatidyl choline (Sigma Chemical Co.)
and cardiolipin (Sigma Chemical Co.) in various
molar ratios. The lipids, dissolved in a mixture of
cWoroform and methanol were dried under
vacuum in a thin-film rotary evaporator, at 45 o C.

The lipids were suspended in 10 mM Tris-HC1,
pH 7.4, and 1 mM EDT A by vortexing for 1 min
to give a finallipid concentration of 20 mg lipids/
ml. The liposomes were formed by 4 sequential
sonications of 15 s each under a nitrogen atmo-
sphere at 0 o C. The liposomes wete filter-sterilized

using a 0.45-p.m millipore filter (Schleicher and
Schue1l, Dassel, F.R.G.).

Table 1

Bacterial strains and plasrnids

ReferenceStfain Of

plasmid
Phenotype/genotype

leuA8, arglS, thrA, recE4,

r.;;:, m;;; [11]
Minicell, thy, met [12]

trpC2 [13)
leuA8, metBS [14)

CU403
168
1012

E. coli
BHB2600 803, supE'+-

rk, mk

supF+, met

[15]

s. lac/is
ILl403

3.5. Protoplast transformation and fusion
Poi transformation of s. lactis 0.5 ml of proto-

plasts (derived from approximately 4 X 109 cfu), 1
p-g of pGK12 and 5 p-lof the liposome suspension
were mixed and added subsequently to 1.5 ml of
PEG6000 (20-50% solution in S25MM). Af ter in-
cubation for 20 min at room temperature, the
transformation mixture was diluted with 5 ml
S25MM. Por p~otoplast fusions, 80 p-lof B. sub-
tilis (pGKV21) donor protoplasts (derived from

Plasmid-free strain

lac-, prt-
Rif' ILl403
Plasmid-free strain

lac-, prt-
Plasmid-free strain

Str', Rif', lac-, bac-

ILl403 (RIF)
MG1363

[16]

this work

[17]
BU2-60

ssp. diaceiylactis

Pl~ids

pGK12
pGKV21

[18}

Emr, Cmr
Emr, Cmr

[19]
[1]
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a very efficient way to B. subtilis 168 and B.
subtilis 1012 in intergeneric fusion with S. lactis
MG1363 (pGKV21) as donor.

The transfered plasmid DNA by protoplast
transformation or fusion was extracted from the
Emr transformants and examined by means of
restriction enzyme analysis. No alterations in size
and restriction enzyme patterns were observed in
agarose-gel electrophoresis, indicating that no
changes had taken place in the plasmids (results
not shown).

donor B. subtilis PSL-l protoplasts. PEG6000 at
the highest final concentration used (37.5 % ), re-
sulted in a high plasrnid transfer efficiency. AI-
though at this PEG concentration the optimum
was still not reached, further increase of the PEG
concentration was impossible, due to the insolubil-
ity of PEG. For this reasons, a final concentration
of 37.5% PEG was used in all subsequent fusion

experiments.
Minicell-forrning B. subtilis strains distribute

plasrnids to the rninicells. To exarnine whether this
property could be used in an advantageous way to
further increase the frequency of plasrnid transfer
to S. lactis, the transfer of Em' to S. lactis was
compared af ter protoplast fusion with a rninicell-
and a non-rninicell-forrning B. subtilis strain. Ta-
bIe 2 shows that the use of rninicell-forrning B.
subtilis Cu403 (pGKV21) strain improved the
transfer of pGKV21 into S. lactis IL1403 (Rif')
by a factor of 2.3 as compared to the non-rnini-
cell-forrning B. subtilis PSL-l (pGKV21) strain.
Table 2 also shows that plasrnid pGKV21 could
be introduced in S. lactis ssp. diacetylactis BU2-60
via protoplast fusion with B. subtilis PSL-l
(pGKV21). The frequency of transfer was the
same as observed af ter protoplast fusion with S.
lactis MG1363 (pGKV21), indicating that
pGKV21 plasrnids could be introduced in S. lactis
via intraspecific as weIl as intergeneric protoplast
fusion with the same efficiency. Furthermore, Ta-
bIe 2 shows that plasrnids could be transferred in

5. DISCUSSION

Table 2

Plasmid transfer by intergeneric and intraspecific protoplast
fusions of S. lactis strains with B. subtilis and vice versa

The efficiency of plasmid DNA transfer is expressed as the
nuffiber of fusants per recipient.

Recipient strain Donor strain

B. subtilis B. subtilis S. lactis
CU403 PSLl MG1363

(pGKV21) (pGKV21) (pGKV21)

S. lactis ILl403 2.8xl0-s 1.2xl0-s ND
S. lactis BU2-60

ssp. diacetyl-
actis ND 1.1xl0-s 1.0XI0-;

B.subtilis168 ND ND 7.0xl0-4
B.subtilisl012 ND ND 1.5XI0-3

Plasmid transformation of protoplasts may play
an important role in future strain improvement
strategies. Several investigators have described ef-
ficient protoplast transformation procedures for
lactic acid streptococci [24-26]. However, many of
these protocols gave variabIe results in our hands,
possibly because of varying degree of trace con-
tamination in the chemicals used. Several reports
have dealt with the usefulness of liposomes in the
delivery of transfecting and transforming DNA
into recipient cells (3- 7). In this study, the factor
affecting the liposome-assisted transformation of
S. lactis were examined. Introduction of pGK12
in S. lactis ILl403 was most efficient in the pres-
ence of 22.5% PEG and liposomes consisting of
Cli and Pc in a molar ratio of 1 to 6, at a final
lipid concentration of 50 .ug/m1. The transforma-
tion efficiency under these conditions was 3 X 105
S. lactis transformants/.ug pGK12. In a compara-
bIe transfection system Geis [7] reported an ef-
ficiency of 3-4 X 106 transfectants/.ug phage
PO08-DNA. The high efficiency of the transfection
system may be explained by the fact that no
protoplast regeneration is required in transfection.
The high transformation frequency obtained in
the liposome-assisted transformation system al-
lowed direct gene cloning in S. lactis [2].

The optimal PEG concentration for transfor-
mation of S. lactis in our system was the same as
that reported by Kondo and McKay [24] for their
system. In the liposome-assisted transfection sys-
tem for Streptomyces protoplasts [6] required a
high (50%) PEGl000 concentration similar to thatND = not determined
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Lactobacillus reuteri by means of protoplast fusion
[28]. Provided the plasmid is capable of replication
in the two fusion partners, it would seem, there-
fore, that intergeneric plasmid transfer by means
of protoplast fusion between gram-positives may
be generally applicable.
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