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ABSTRACT : Plasmid DNA was isolated from Lactobacillus casei SW-M1(Lac'strain). The curing freq-
uencies of pPLac plasmid from L. casei SW-M1 showed 43% for acriflavin treatment and 53% for ethidium
bromide treatment after 3 times transfer. On the charaterization of pPLac plasmid, it was found that the
plasmid contained gene encoding phospho-S-galactosidase for lactose utilization. Lactose-PTS(phosphot-
ransferase system) was involved in membrane transport system in Lac' strain. Induction of phospho-£3-ga-
lactosidase was specially effective by galactose, lower effect with lactose and glucose but not by IPTG(isop-
ropyl-8-D-thiogalactoside). This result showed that induction of phospho-5-galactosidase by IPTG did not
appeared. The catabolite repression of phospho-3-galactosidase synthesis by glucose was not found in L.
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casei.
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Recent progress in the genetics of lactic acid bac-
teria has established the critical involvement of plas-
mid DNA in numerous activities related to fermen-
tation (Chassy et al., 1976 ; Davies & Gasson, 1981
: Kempler & McKay 1981). However, plasmid ge-
netics of the lactobacilli have not kept pace with
the advances in molecular genetics, and little infor-
mation is presently available on plasmid determinan-
ts or genetic transfer mechanisms for a bacterial
genus and it is critical to many industrial food fer-
mentations. Although plasmid DNA has been repor-
ted in Lactobacillus acidophilus (Klaengammer &
Sutherland, 1980 ; Vescoro et al., 1981), Lactobacil-
lus reuteri (Vescoro et al., 1981), Lactobacillus casei
(Citti et al., 1981), L. fermentum(Chassy et at., 1978),
and Lactobacillus helveticus (Vescoro et al., 1981 ;
Smiley et al., 1978) detection has been limited to
a selected number of strains (Klaenhammer &
Sutherland, 1980 ; Vescoro et al., 1981).
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In lactic acid bacteria, lactose can enter the cell
by two different pathways. In Streptococcus ther-
mophilus (Tinson et al., 1982) and most lactobacilli
(Kandler, 1983) lactose is transported as such and
then hydrolyzed by a A-galactosidase. In group N
streptococei (Okamoto & Moriachi, 1979) and in
some lactobacilli such as L. casei (Chassy & Tom-
pson, 1983) the sugar is transported and phosp-
horylated by a phosphoenolpyruvate-dependent
phosphotransferase system. The lactose phosphate
is then split by a A-phosphogalactosidase. It has
generally been observed that when the lactose is
phosphorylated prior to its hydrolysis, a plasmid
carries the genes coding for this part of metabolism
(Hofer, 1977 ; Chassy et al.,1978).

In this paper, we describe the isolation and cha-
racterization of a lactobacillus casei SW-M1 strain
which possesses a lactose-utilizing plasmid. The
curing frequency, carbohydrate utilization, the exis-
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tence of carbohydrate-phosphotransferase system,
phospho-f-galactosidase induction, and the effect
of catabolite repression of pPLac plasmid encoding
gene for phospho-/3-galactosidase were examined.

MATERIALS AND METHODS

Strains and culture conditions

All Lactobacillus strains were propagated in MRS
broth(Difco Laboratories, Detroit, M) at 37C and
maintained as described previously (Klaenhammer
er al., 1984).

Table 1. Bacterial strains and plasmid.
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MRS(Man Rogosa), TCM(Tomochika medium),
BCP(Bromocresol purple) media were used (Bae ez
al., 1985 ; Klaenhammer & Sutherland, 1984 ; McKay
et al., 1972).

Plasmid isolation

The plasmid isolation method was a modification
of procedure developed by Maniatis (1982). Log
phase cells from 300ml of TCM broth cultures (2%
inoculum, 37°C) were harvested by centrifugation
when the optical density(OD) at 600nm reached 1.
0. Pelleted cells were washed once with 22.5ml of
20mM potassium phosphate buffer(pH 6.8) and

Stranis and Relevant genotype Source and
plasmid or phenotype reference
Lactobacillus caser Chromosomal Lac' : contains This work

SW-M1 lactose utilization plasmid

pPLac
SW-M2 Lac™ Cured strain
of SW-M1,

Plasmid

pPLac Lac' ; 60kb(39Md) This work

resuspended with 22.5ml of the same buffer cont-
aining 1M sucrose, 0.6M MgCl, and 0.6M CaCl, and
placed in an ice bath.

Lysozyme (Sigma Chemical Co.) was added to
a final concentration of 20-40£g/m1(904 21 of 10mg/
m! of Tris-HCI, pH 8.0) (Klaenhammer & Kleeman,
1984 ; Maniatis er al., 1982). The samples were also
added with SDS to be cleared lysate. The following
procedures are the same as method of Maniatis
(1982).

For the small scale isolation of plasmid, N-acetyl
muramidase(Sigma Chemical Co.) instead of lysozyme
was used to a final concentration of 30 zg/ml in
10mM Tris-HCI, pH 8.0.

Curing experiment

An inoculum of overnight culture of strain .. casei
SW-MI was added into 5ml of MRS broth contained
curing agent at an initial OD at 600nm of 0.02. The
cultures with acriflavin or ethidium bromide were
then incubated for 24hrs at 37C without shaking
(Ist times transfer), diluted, and plated onto lactose-
BCP agar plates. The same method was repeated
to 3 times transfer.

Carbohydrate utilization

MRS broth cultures contained lg lactose, glucose,
galactose were incubated for overnight at 37°C wit-
hout shaking, centrifugated, and the supernatant
was obtained. Acid production by carbohydrate

utilization was measured with pH meter (Bae et af.,
1985).
Cell-free extract

The cells were washed and resuspended in 100mM
sodium phosphate buffer(pH 6.8). The cell suspen-
ston was shaken at 37C for lh prior to consuming
the metabolic materials and then stirred for 5 min
m a vortex mixer after addition of toluene at a final
concentration of 10 zl/ml.
Determination of A-galactosidase ang phospho-3-
galactosidase activity

The assay of B-galactosidase were performed as
preveously described for Streptococcus lactis 7962
(Citti er al., 1965). The assay of phospho-8-galac-
tosidase was applied by the method of McKay et
«l.,(1970).
Sugar-phosphotransferase activity

In vivo phosphotransferase activity was assayed
in toluene-treated cells by indirect method of Ha-
milton er al,,(1978). The sugar-dependent release
of pyruvate from PEP was assayed with lactic de-
hydrogenase and NADH.

RESULTS AND DISCUSSION
Growth of Lactobacillus casei SW-M1

For the determination of optimal culture period
for plasmid DNA isolation, the cells were incubated
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in TCM medium containing 0.5% glycine at 37°C.
As shown in Figure 1, the cell growth was increased
very slowly until 6 hours, thereafter the cells were
rapidly grown to 16 hours. Among the several in-
tervals of culture time, plasmid DNA was efficiently
isolated from 15 hours culture. Therefore, the plas-
mid isolation was carried out at the same condition
described above.
pPLac plasmid isolation

Lactobacillus casei SW-MI(Lac’ strain) was used
for plasmid isolation. Figure 2 shows that L. casel
SW-MI((Lac* strain) contained plasmid DNA.
Plasmid curing

Further studies were conducted with L. casei SW-
M1 to determine the presence of gene encoding for
lactose metabolism on the plasmid DNA. The curing
experiment of plasmid DNA from the host cell was
carried out under various conditions. L. casei SW-
M1 was treated with acriflavin or ethidium bromide
various conditions in order to determine optimal
concentrations(Table 2,3). Lac-strains were isolated
by the method of BCP(bromocresol purple) plate
contained lactose. It was found that the curing fre-
quencies of plasmid DNA from L. casei SW-Ml
showed 43% for acriflavin and 53% for ethidium
bromide after 3 times transfer. L. casei SW-MI and
its derivative SW-M2 were used for the determina-
tion of plasmid on agarose gel electrophoresis. As
shown in Figure 2, it suggests that the plasmid in
Lac' strain contained gene encoding lactose utiliza-
tion.
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Fig. 1. Growth curve of Lactobacillus casei SW-W1 on
Tomochika medium(TCM).
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plasmid DNA

Fig. 2. Plasmid DNA detection from L. casei Lac' and
Lac™ strain.
The Lac’ strain of L. casei was treated with N-a-
cetylmuramidase.  30ug/ml(A). The same strain
was treated with lysozyme, 20xg/ml(B) and 40xg/
ml(C), and Lac™ strain with 20xg/ml of lysozyme
(D) and 30ug/ml of N-acetylmuramidase(E).

Characterization of pPLac plasmid

Test of carbohydrates utilization

From the result of Table 4, glucose and galactose
were used for energy sources in Lac™ and Lac™ st-
rains, but Lac™ strains did not used lactose. The re-
sults were tested for the acid production by the
carbohydrate utilization.

Treatment with curing agents in various concen-
trations was performed with the addition of 2%
inoculum(initial O.D. at 600nm was 0.02) of L. casei
SW-M1 culture to 5ml MRS broth in cap tube and
the cells were incubated for 1 day at 37°C. This tran-
sfer experiment was repeated 3 times for 3 days.
The presence of phospho-/3-galactosidase gene in pPLac
plasmid

It was found that pPLac plasmid in Lac” strains
had contained lactose utilization as described above.
The experiment was conducted that the lactose uti-
lization was originated from /-galactosidase or
phospho-A-galactosidase. The result of this experi-
ment was shown in Table 5. As shown in Table 5,
Lac* strains and Lac™ strains did not showed 5-

—— chromosomal DNA
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galactosidase activity. Therefore, it was assumed
that plasmid in Lac’ strains contained gene for
phospho- -galactosidase
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Evidence of carbohydrate-phosphotransferase system

(PTS)

When carbohydrates were transported through
the cell membrane by phosphotransferase system,

Table 2. Elimination of plasmid from L. casei Lac' strain by acriflavin.

Acriflavin Number of Incubation Cells/ml Frequency

conc. (ug/ml) transfer (hr) (X 109 (%)
1 24 15 (

0 2 48 16 (

3 72 15 ¢

1 24 15 (

2 2 48 17 (

3 72 28 {

| 24 5.9 (

4 2 4% 5.0 (

3 72 3.1 10

I 24 5.2 (

6 2 48 4.7 (

3 72 3.2 8

1 24 34 (

8 2 48 2.5 11

3 72 1.6 43

Table 3. Elimination of plasmid from L. casei Lac' strain by ethidium bromide.
EtBr cone. Number of Incubation Cells/ml Frequency

(z2g/ml) transfer (hr) (X108 (%)
1. 24 150 (

0 2 48 160 {

3 72 150 {

1 24 73 (

3 2 48 59 (

3 2 32 7

1 24 38 (

7 2 48 26 5

3 72 14 31

1 24 9.5 21

11 2 48 6.6 47

3 72 4.6 53

Table 4. Carbohydrate utilization by Lac' and Lac strains.

Strain Lac'strain Lac strains
Culture time(h)
Carbohydrates 0 24 48 0 24 48

Lactose * 6.44 4.23 4.28 6. 6.61 6.57
59

Glucose 6.30 4.26 4.34 6. 4.26 4.33
40

Galactose 6.28 4.39 4.34 6. 444 4.30
27

*Acid production (pH)
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they are accepted phosphate of phosphoenol pyru- mine relative activity of lactose-PTS, galactose-PTS,
vate (PEP) to be sugar-phosphate and PEP into and glucose-PTS (Table 6). From the above results,
pyruvate (Chassy and Thompson, 1983). The pyru- it was confirmed that lactose-PTS was the highest

vate was converted into lactic acid by lactate dehyd- activity in galactose-PTS and glucose-PTS. This
rogenase with coupling of NADH to NAD as cofac- result is agreed with the result of Chassy and Thom-
tor. By the above principle, it was found that car- pson (1983) that membrane transport was involved
bohydrate-PTS reaction was measured indirectly by in lactose-PTS, galactose-PTS, and glucose-PTS in
the NADH oxidation. L. casei strain.

Therefore, this experiment was included to deter-

Table 5. Enzyme activity of 3-galactosidase and phospho-f-galactosidase in cell-free extract of L. cusei SW-M1
and cured strain.

. *Sp. activity of Sp. activity of
Strains A-galactosidase P-/3-galactosidase
L. Casei SW-W1 0.40 16.70
Cured strain SW-M2 0.40 0.70

* Expressed as nanomoles of O-nitrophenol released per minute per milligram of protein.

Table 6. Evidence of carbohydrate-PTS synthesis in L. IPTG. Therefore, it was shown that the induction
casei SW-M1. of this enzyme is different from the induction of
Substrates Relative activity(%) f-galactosidase synthesis in lac operon.

Lactose 100 The effect of catabolite repression
Galactose 85 As compared with catabolite repression of S-ga-
Glucose 28 lactosidase synthesis, glucose effect of phospho-/5-

. galactosidase was examined in this Lac’ strains. On

the observation of growth curve of cell growth on

Table 7. induction of phospho-8-galactosidase in L. casei .the medium contalr.nng.O.2% glucqse and lactose.
SW-M1 by various substrates and gratuitous it was found that diauxic growth did not appeared

inducer IPTG. in L. casei SW-MI as shown in Figure 3. Another
experiment was conducted for the repression of

Sg?::?tcs ;Sze;ﬁ:"ﬁ)csfg;g of phospho-8-galactosidase by glucose addition to the
(¢mole/min/mg protein)x 107
Lactose 1.590 5T
Galactose 3,017
Glucose 1.518 -
Maltose 336 0
Sucrose 275 2
IPTG 382 ol
Lactose+Glucose 451 H
Maltose +IPTG 434 g
* Specific activities were expressed as gmole O-nitrop- -
henol released (mg protein)” min™ b
-
i
Induction of phospho-3-galactosidase 3
Carbohydrates effect on the induction of phospho- b
B-galactosidase was employed in this experiment. e

As shown in Table 7, the induction of phospho-8-
galactosidase by galactose was the highest level
compared with lactose and glucose. However, other
carbohydrates, maltose, sucrose, and IPTG were
lower effect on the enzyme induction. The induction Fig. 3. Growth of L. casei SW-M1 in MRS broth containing
of phospho-B-galactosidase was not involved in 0.2% glucose and 0.2% lactose.

Tise (hr)
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culture medium. Catabolite repression enzyme sy ture medium. The result showed in Figure 4, indi
nthesis also tested using cAMP addition to the cul cates that the catabolite repression of phospho-
A-galactosidase synthesis by glucose was not found.
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= Y Fig. 4. Effect of glucose on the activity of phospho-A-
13 [
e galactosidase in L. casei SW-M1.
L3 3 .
10 p Cells were grown in 0.5% maltose broth for 6hrs.,
washed two times, and treated with toluene (10p1/
0 ml). The cells transferred to three tubes containing

e
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