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The best conditions for the protoplast fusion of Lactobacillus casei have been searched for in this study. Antibiotic
resistance was used as the selective marker for enumerating and selecting the recombinants. Antibiotic resistant
mutants were isolated after treating cells with N-methyl-N’-nitro-N '-nitrosoguanidine. High frequency fusion of pro-
toplasts of L. casei strains were obtained in the presence of 40% (wt/vol) polyethylene glycol 4,000 after 1 min at 30°C
at around neutral pH. Spontaneous mutations of drug-resistance of L. casei were two or three orders lower than the

recombination frequency. Recombination frequencies were about 10 per parent cells employed.

Lactobacillus casei, the normal inhabitant of the animal
intestinal cavity, is understood to play the important roles for
the human health!® and has been used for supplementation
to the daily diets in the form of liquid yogurt mostly in Japan,
Korea, and in some oriental countries.

With the progress of molecular genetic of lactic acid
bacteria, useful genetic transfer systems, such as transduc-
tion® conjugation(!9), and transformation(® have been dem-
onstrated. Protoplast fusion is one of the promising methods
of gene transfer in both genetic studies and improvement of
starter strains for the use in dairy industries. Futhermore,
because the fusion is neither strain nor species-specific, this
method has broader use for the genetic recombination.
Recently genetic recombinations through protoplast fusion
induced by PEG have been reported in L. casei (Y.J. Baek,
Ph. D. thesis, The Seoul National University, Seoul, Korea,
1985), as efficient as with lactic streptococci @112 L, casei is
slow in lactose fermentation and in proteolysis of the milk

proteins, and has many bacteriophages known to attack the

cells. These properties make the dairy industries suffer with
many difficulties in economy and processes. Accordingly the
better strains of L. casef free of these problems have been
searched for in many ways and became the reasonable hope
in recent years.

In this paper, we describe the attempt to develop the pro-
toplast fusion system as one of the practical gene-mixing tool
for the strain development of L. casei. For the development
of the protoplast fusion of L. case strains, the factors affecting
the optimization of genetic recombination by protoplast fu-

sion have been studied.
Materials and Methods

Bacterial strains and media

The bacteria used throughout this study are listed in
Table 1. The strains were maintained in IL stab stock
culture and transferred to reconstituted 10% (wt/vol) skim-

milk before use. Culture were grown in TCM media®) con-
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Table 1. The list of L. casei strains.

Genotype or

The bacteria Phenotype Source
Lactobacillus casei, | wild type Korea Yakult
YIT 9018 Institute
Lactobacillus casei, Streptomycin *NTG-induced
C-M resistant (SM*) | mutant of L.

casei YIT 9018
Lactobacillus casei, | wild type Institiat fir Mil-

3012 chforschungKiel,
West Germany

Lactobacillus casei, | Lincomycin NTG-induced
3-M resistant (LM?®) | mutant of
Methicillin L. casei 3012
resistant (DPF)
Hostacillin

resistant (HC*)

*NTG : N-methyl-N’ -nitro-N’ -nitrosoguanidine

taining 0.5% glycine for cell crops. Protoplast formation buf-
fer (PFB) consisted of 20mM potassium phosphate (pH 6.8),
6mM CaCly, 6mM MgCls, and 1M sucrose as a stabilizer.
Regeneration medium (RM) was TCM with 0.2% glucose,
0.8M sucrose and agar (hard medium 1.3%, soft medium
0.6%). Three mi of sterilized soft medium contained with the
final concentrations of 6mM MgCls, 6mM CaClg and 0.3ml of
horse serum (GIBCO LAB) were stirred gently before pouring
ontu the hard regeneration medium plate. TCM agar medium
containing the appropriate concentration of antibiotics was
used as selective medium (SM). The final concentration of
antibivtics in selective medium was 25ug per ml for strep-
tomycin (SM; Han Dok Pharmaceutical Co. LTD), 0.5ug per
ml for lincomyein (LM, Korea-Upjon Co.), 0.5 LU. per ml for
hostacillin (HC, Handok Pharmaceutical Co. LTD), and 5ug
per ml for methicillin (DP, Dae Han Pharmaceutical Co.
LTD).
Isolation of antibiotic resistant mutant
N-methyl-N'-nitro-N ' -nitrosoguanidine (NTG) was used
to obtain antibiotic resistant strains from L. casei YIT 9018
and L. casei 3012. Antibiotic mutation was induced by a NTG
mutagenesis procedure similiar to that described by
Miller.10) The treated cells are plated on TCM medium con-
taining antibiotic substances and bromocreso! purple. The
colonies after 3 days of incubation were streaked on TCM
agar plates containing higher concentration of antibiotic
substances than the minimal inhibitory concentration (MIC).
Protoplast formation

Cells were transferred two or three times in TCM broth
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before use. The cells were cultured overnight at 37°C in 40
m! TCM broth containing 0.5% glycine. At the middie or late
logarithmic growth phase (about 0.8-0.9 absorbance at
650nm), the celis were harvested by centrifugation, washed
in 20mM potassium phosphate buffer, and suspended in
10-12ml of PFB. Mutanolysin (Dainippon Pharmaceutical Co.
LTD., Japan) dissolved in 20mM potassium phosphate buffer
was added to the cell suspension at the final concentration of
10x¢g per ml for L. casei C-M and 8 ug per ml for L. casei 3-M.
The cellmutanolysin mixture was incubated at 37°C for 10 to
20 min with gentle agitation in a shaking water bath. Pro-
toplasts were searched for under the phase contrast
micrgscope at 1600X.
Protoplast fusion and regeneration

The protoplast fusion was induced by using the
method!® Protoplasts of two strains (L. casei C-M and L.
casei 3-M) have been used throughout these experiments.
Equal volumes (0.5ml; ca, 2-3X 10°/m! protoplasts) of pro-
toplast suspension of two antibiotic resistant strains were
mixed and sedimented by Eppendorf centrifuge (15,000 rpm
for 5 min at 4°C). The pelleted protoplasts were resuspended
gently by an inoculating loop in 0.1 ml of PFB. Nine tenth m!
of prewarmed PEG (Sigma Chemincal Co.) solution (30°C)
was added and mixed gently. The protoplasts resuspended in
0.9 ml of PFB was used as control. At this stage, aggregation
of protoplasts was observed. After incubation at 30°C for one
minute, the PEG-treated protoplasts were immediately
diluted in PFB. One tenth m! of appropriately diluted pro-
toplast suspension was plated on the RM containing bromo-
cresol purple (0.004%), and incubated at 30°C for 3-5 days.

Table 2. Minimum inhibitory concentration of 4
antibiotics for parent and mutants on TCM
hard medium.

(unit : pg/ml)

The ) Parent strains Mutants

bacteria L.casei {L. casei |L. casei| L. casei

antibiotics YIT9018| 3012 C-M 3-M

Streptomycin 40 25 4,000 25
(SM)

Lincomycin 0.3 0.8 0.5 1.0
(LM)

Methicillin 5 20 5 40
(DP)

*Hostacillin 0.5 2.0 0.5 4.0
(HC)

*Hostacillin : 1. U. /ml
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Regenerated culonies were randomly transferred onto the
selective mediun by sterile touthpicks. After 3 days of in-
cubativn at 37°C. the culunies appeared vn the selective
mediun were isolated. Then the antibiotic resistance of the
colunies were checked.
Recombination frequency was calculated as follows;
Recombinativn frequency {%) = culuny furming units (CFU)
on selective media/lnitial cell nuniber uf parent cells
Transmission electron microscopy

The specimen (protuplasts and fused cells) were prepared
by the procedure described previously {7 The ultra thin sec-
tions were mounted on copper grids, stained with urany!
acetate followed by Reynulds lead citrate. The prepared sec-
tions were observed and photographed by Hitach transmis-

sion electrun micruscope system (Mudel H-50, Japan).

Results and Discussion

Search for the marker genes

Through extensive search for usable marker genes of L.
casei YIT 9018 and L. cusei 3012, antibiutic resistances have
been selected as the selective traits t,, ascertain the identity of
each strains and the fused cells. NTG has been used tu get the

desired antibiotic resistant mutants from L. casei YIT 9018
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Fig. 1. Effects of molecular weight of PEG, on
recombination frequency and survival of proto -

plasts after PEG treatment.
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Fig. 2. Effect of the concentrations of PEG 4000
on recombination frequency and survival of pro-

toplasts after PEG treatment.

and L. caser 3012, Antibiotic resistance of mutants was
andplified by subculturing un TCM agar cuntaining higher
concentration of antibivtics than MIC.

As illustrated in Table 2, L. caser C-M pussessed much
greater resistance to streptomycin (4,000 g/ml) than L. casei
3-M (25 pg/ml) while L. casei 3-M evidenced greater
resistances to lincomycin 1.0 £g/ml), methicillin (40 pg/ml)
and hostacillin (4.0 LU./ml) than L. casei C-M. This different
resistance of four antibiotics alluwed us design a selective an-
tibivtic medium syster wiiich could select each mutants and
their hybrid cells.

The antibiotic resistance of two mutants was found tu be
very stable with no detectable loss of resistance, even after
prolunged maintenance and repeated subculturing for abuut
one year. L. casei YIT 9018 and L. casei C-M performed
almost identical growth and acid production in mitk media as
L. casei 3012 and L. casei 3-M. Eventually the selective
medium, which could exclude L. casei C-M as well as L. casei
3-M but select for the hybrid cells of two mutant strains, is
formulated, containing 25 pg/ml of streptomycin, 0.5 gg/mi
of lincomycin, 5 gg/ml of methicillin, and 0.5 LU./ml of
hostacillin in TCM medium. The antibiotic resistance genes
were not appeared to be on plasmid DNA, because plasmid-
free of L. casei possessed the identical antibiotic resistance.

Therefure the traits used as genetic markers may be situated
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Table 3. Effect of pH of PEG 4000 solution on recombination frequency.

Regenerated Recombinants (CFU/m/) Total recom-| Recombination

pH cells phenotype phenotype phenotype binants frequency
(CFU/ml{) SMF®+HCH SME+LM?® SM®?+DP* (CFU/ml)| (CFU/mi)

4 1.1X10° <10* 1.1x10* 1.1x10* 2.2X10* 1.8x10°°

5 1.1x10° <10* 1. 1x10* 3.3x10* 4.4%10* 3.7%X10°°

6 1.8x10° 5.4x10* 7.1X10* 3.5x10* 1. 6% 10° 1.3x10°*

7 1.9%x10° 1.1x10° 3.8x10* 5. 7x10* 2.1x10° 1.8x107*

8 1.8x10° 1.8%x10* 1.8x10* 3.6x10* 7.2%10° 6.0x107°

9 4.1x10° <10* <10° <10° <10* <107®

The number of parent cells was 1. 2X10°/ml! (The number of L.casei C-M and L. casei 3-M strains

was 1.0x10°/ml, and 2, 0Xx10%/ml, respectively).

on chromosomal DNA. The spontaneous mutation was less
than 107 cells per mi for L. casei C-M on the selective media
containing the appropriate concentration of antibiotics.
Fusion of L. casei protoplasts

When protoplasts of L. caser C-M and of L. casei 3-M were
mixed in equal number in 1M sucrose salt solutions and the
1ybrid cells were studied un the selective media after grown
on the regeneration medium, and the recombination fre-
Juency was found to be 4.6 x 1077 hybrid cells. The spon-
taneous mutation was less than 107 cells per m! for L. casei
C-M and less than 10-8 celis per mi for L. cuser 3-M on the
selective media containing the proper concentration of anti-
bitics. Spontaneous mutations of drug-resistance were two
or three orders lower than the recombination frequency,
which could conveniently exclude the chances of the confu-
sions. However, when polyethylene glycol (PEG) was added
to the fusion mixture of protoplasts, the fusion frequencies
have been greatly enhanced as previously reported by

several authors(3:14

It is reasonable to screen for the best PEG of the right
molecular weight because PEG has wide variety of different
molecular size. When four kinds of PEG between 300 and
6000 of molecular weight have been tested for their efficien-
cies of enhancing hybrid cell formations, PEG of MW 4000
was found to give the highest recombination frequency, 4.0
x 104 hybrid cells/ml, which is almost a thousand times
higher frequency than that without PEG, as shown in Fig. 1.
PEG 6000 also gave a good recombination but it was in-
convenient to use because of its high viscosity. The optimal
molecular weight range of PEG was different with different
species of bacteria(®)

The optimum concentration of PEG 4000 for the best cell
fusion has been found to be 40%. As the concentration of
PEG 4000 increases, the survival of the cells was greatly
damaged although the fusion frequencies was not decreased
dramatically. When 40% of PEG 4000 was employed, it gave
33% of cell survival and 3.0 x 10 CFU of hybrid cells per

ml, as shown in Fing. 2.

Table 4. Effect of reaction time with PEG 4000 on recombination frequency.

Reaction | Regenerated Recombinants (CFU/m/) Total re- |Recombination | Survival
time cells phenotype | phenotype | phenotype | combinants frequency atf;:;trﬁei(t;
(min) (CFU/ml) | SM*-HC* | SM*+LM*| SM*+DP*| (CFU/ml)| (CFU/ml) (%)
0.5 5.3X10° 1.6x10° 1.6x10° 2,1x10° 5.3x10° 2.9x10"* 100
5.3X10° 3.2x10° 1.6x10° 5.0x10* 5.3%10° 2.9x107* 100
5 4.7%X10°¢ 2.3x10° 5.0%x10* 1.4%10° 4,2x10° 2.3x107* 89
10 3.9x10°¢ 2.3%X10° 4.0x10* 1.6x10° 4.3%10° 2.4x107* 74
20 3.5x10° 1.4x10° 1.1x10° 3.0x10* 2.8%10° 1.6x107* 66
30 3.5%10° 1.1%x10° 1.4X10° 1.4x10° 3.9x10° 2.2x107* 66

The number of parent cells was 1.8 X10° per m/ (The number of L.casei C-M and L.casei 3~-M str-
ins was 1.5X10°/m{ and 2.7X10%/ml, respectively).
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Table 5. Effect of temperature of the fusion mixture of cells and
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PEG 4000 on recombination fre-

quency.
Tempe- | Regenerated Recombinants {CFU/m/{) Total recom- Recombination
rature cells phenotype phenotype phenotype binants frequency
(t) (CFU/ml) SM*4-HC* SM*4-LM* SM*+DP* (CFU/m!) (CFU/ml)
20 5.8x10° 5.0%x10* 1.2X10° 1.8x10° 3.5x10° 1.9x10°*
30 4.7%10° 2.8X10° 1.9x10° 2.4%10° 7.1x10° 3.9x10°*
37 4.5x10° 4.5%10* 4.5%x10* 9.0x%x10* 1.8x10° 1.ox10"*
40 2.0x10° <10* <10° <10° <10°* <10°°¢
50 0 0 0 0 0 0

The number of parent cells was 1.8x10° per mi/ (The number of L.casei C-M and L. casei 3-M stra-

ins was 1.0X10°/ml, and 8, 0X10%/ml, respectively).

Fig. 3. Transmission electron micrographs of thin section of fusing. L. casei protoplasts.

a) Protoplasts formation of L. casei.
spherical shape. b) Initial stage of protoplast
could be clearly observed.

¢) Cell membrane

The cell wall

between

two
hardly

was clearly left behind and protoplasts formed a
fusion. Cell membrane (cm}
between two protoplasts could be

protoplasts

observed in

these micrographs. d) Fusion was distinctly pro gressed and developed. “C” : chromosomal region.
e) The protoplasts seemed to reach the final stage of fusion. f) It seemed to be the final stage of fusion.
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When pH of 40% PEG 4,000 solution was varied using
several buffers from PH 4.0 to pH 9.0, the neutral pH (pH 7.0)
gave the highest recombination frequency as shown in Table
3. If pH of the mixture was below pH 5 or above pH 8, the
recombination frequency was decreased substantially.

As evidenced in Table 4, a short exposure of protoplasts
to 40% PEG 4,000 for 0.5 to 1 min was enough for the effi-
cient protoplast fusion. This suggested that effective fusion
between individual protoplasts was probably achieved
almost instantly after exposure of the protoplasts to PEG. Op-
timum fusion was found to take place within the first few
minutes after mixing of the protoplast-PEG solution and
there was no increase in recombination frequency when
treated for longer than 10 min. It was also found that the sur-
vival of fused protoplast was significantly decreased by pro-
longing the PEG treatment for longer than 20 min.

When the protoplast fusion was proceeded at different
temperature in 40% PEG 4,000 solutions, the best fusion was
obtained at about 30°C. The fusion at 40°C yielded less than
108 colony forming units per ml. It was presumed that
temperature may affect the stability of the protoplast mem-
brane, and the optimum temperature of PEG treatment ap-
pears to be about 30°C, as evidenced in Table 5. High fre-
quency fusion of protoplasts of L. casei strains were obtained
in the presence of 40% (wt/vol) PEG 4,000 after 1 min at
30°C at asound neutral pH. Under these conditions, the
recombination frequency achieved was about three times
better than that obtained by the classical crossing method.
The recombination frequencies were about 10~% per parent
cells employed. This level of recombination frequency is
similiar level to that of previous reports with lactic strep-
tococci strains2!) As shown in Fig. 3 the entire fusion steps
of L. casei protoplasts were traced by the transmission elec-
tron microscopy of the proper fusion mixtures samples.
Looking through the micrographs, every steps of protoplast
fusion, like protoplast contact, actual fusion, membrane
disappearance and cytoplasm fusion, could be confirmed

visually.
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ncomycin 0.5 pg/ml 2] 31 methicillin 5 zg/ml &
gl el

L. casei FFoAH H-& Al EZ§Y-E PEG £ 23
4,000°04 40% 5=, T4 ¥ pH, 30T oA
ok 1#7zF Melsh &l dof ot
2 AAdEddelry 2L AZEYE F3E
Bt 10°-10° A= W FFor velsith AX
$% WEe 2ol sl o 107wl vhebteh

FAA A wkA

Acknowledgement

This work was supported by a grant from the Ministry of
Science and Technology. We appreciate very much Dr, K.B.
Yoon, the president of Yakult Dairy Co., for his support and

encourgement.
References

1. Gasson, M.J. and F.L. Davies: J. Bacteriol. 143, 1260
(1980).
2. Gasson, M.J.: FEMS Microbiol. Lett. 9, 99 (1980).
3. Hopwood, D.A., H.M. Wright, M.J. Bibb and S.N. Cohen:
Nature (London), 268, 171, (1977).
4. Hopwood, D.A. and H.M. Wright: Mol Gen. Genet. 162,
" 307 (1978).
5. Hopwood, D.A.: Ann. Rev. Microbiol 35, 237 (1981).
6. Kondo, J.K. and L.L. Mckay: Appl. Environ. Microbiol
43, 1213 (1982).
7. Lee-Wickner, LJ. and B.M. Chassy: Appl Environ.
Microbiol. 48, 994 (1984).
8. McKay, L.L,, B.R. Cords and K.A. Baldwin: J. Bacteriol.
115, 810 (1973).
9. McKay, L.L., K.A. Baldwin and P.M. Walsh: Appl. En-
viron. Microbiol. 40, 84 (1980).
10. Miller, J.H.: Experiments in molecular genetics, Cold
Spring Harbor, 125 (1972).
11. Okamoto, T., Y. Fujita and R. Irie: Agric. Biol. Chem. 47,
2675 (1983).
12. Okamoto, T, Y. Fujita and R. Irie: Agric. Biol. Chemn. 49,
1371 (1985).
13. Sandine, W.E., K.S. Muralidhara, P.R. Ellicker and D.C.
England: J. Milk Food Technol. 35, 691 (1972).
14. Schaeffer, P., B. Cami and R.D. Hotchkiss: Proc. Natl.
Acad. Sci. USA. 73, 2151 (1976).
15. Tomochika, K., M. Funabashi, A. Nagata, T. Fuji and Y.
Kanemasa: Japan J. Bacteriol. 37, 777 (1982).



