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Summary - The 2 restriction enzymes Xbal and Sspl were found to produce DNA fragment
distributions convenient for genome analysis of dairy propionibacteria species (P acidipropionici, P
freudenreichii, P jensenii and P thoenil) by pulsed-field gel electrophoresis. These restriction enzymes
produced 10-19 fragments with sizes ranging from 5-1 000 kilobases (kb) depending on the strains.
The entire genome size was estimated to be approximately 2 30Q-3 200 kb depending on the speeies.
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Résumé - Détermination, par électrophorèse en champs pulsés, de la taille du génome de 4
espèces de Propionibacterium. Parmi plusieurs endonucléases de restriction testées, deux en-
zymes (Xbal et Sspl) ont été utilisées de manière à générer une distribution de fragments bien adap-
tée à une analyse en champs pulsés du génome des bactéries propioniques laitières (P acidipropioni-
ci, P freudenreichii, P jensenii et P thoenii). Ces enzymes de restriction produisent suivant les souches
10 à 19 bandes dont les tailles varient de 5 à 1 000 kilobases (kb). La taille du génome varie suivant
les espèces et s'échelonne de 2 300 à 3200 kb.
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INTRODUCTION

Dairy propionibacteria are involved in
8wiss cheese-making as essential ripen-
ing starters (Langsrud and Reinbold,
1973a, b) and in several industrial fermen-
tations (production of propionic acid and
vitamin Bd. Existing knowledge on the
Propionibacterium genome is quite Iimited
(Hofherr and Glatz, 1983; Perez Chaia et

al, 1988; Rehberger and Glatz, 1990) and
needs to be extended in order to improve
existing industrial strains used in dairy
starters.

The genomes of dairy propionibacteria
have a G+C content that ranges from 64-
68% (Johnson and Cummins, 1972) but
its size is still unknown. This high G+C
content means that restriction enzymes
with recognition sequences rich in A and
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T nucleotides should digest the Propioni-
bacterium chromosome only in a few sites,
yielding large fragments that may be sep-
arated by pulsed-field gel electrophoresis
techniques (PFGE) (Cantor et al, 1988; Lai
et al, 1989). This technique has been used
to separate whole chromosomes up to
9 000 kb in size (Chu et al, 1986; Cantor
et al, 1988; Smith et al, 1988). The analy-
sis of restriction fragments has been ap-
plied to estimate the size of bacterial chro-
mosomes (Chen et al, 1986; Su and
Baseman, 1990).

ln this paper we describe the use of
PFGE to determine the genome size of
Propionibacterium using chromosomal di-
gestion by restriction endonucleases Xbal
(T/CTAGA) and Sspl (AAT/ATI), which as
expected, produce large fragments com-
pared to other endonucleases.

MATERIALS AND METHODS

Bacterial strains

The Propionibacterium strains (table 1) were ob-
tained from the ATCC (American Type Culture
Collection), CIP (Institute Pasteur Collection),
CNRZ (Centre National de Recherches Zoo-
techniques, France), DSM (Deutsche Samm-
lung .von Mikroorganismen und Zellkulturen
GmbH) and the TL (INRA Dairy Technology La-
boratory Collection, Rennes, France). The Iytic
enzymes lysozyme or mutanolysin were not effi-
cient enough to digest the cell wall of most
strains of dairy Propionibacterium; the cells
were therefore made fragile by growth for 2
days on YEL medium (Hettingha et al, 1968),
which contained 0.5 molli sucrose supplement-
ed with various concentrations of glycine. (w/v)
depending on the strains: 0.5% for CIP 6434
and CNRZ 729,1% for TL 2500 and CNRZ 732,
1.5% for CIP 6435 and CNRZ 85, 2% for CNRZ
79, ATCC 4875 and CIP 103026,3% for CNRZ
87. Ali the cultures were harvested at an optical
density (aD) of 0.3 at 650 nm. The Escherichia
coli K12 strain was grown at 37 "C on Luria-
Bertani medium (Maniatis et al, 1982) to an aD

of 0.4. In order to synchronize replication forks,
chloramphenicol (180 Ilg/ml) was added (Ohki
and Smith, 1989), and shaking was continued
for 1 h.

Genomic DNA preparation

DNA was embedded in low melting point aga-
rose to prepare DNA insert as described by
McClelland et al (1987). Ten ml of culture,
grown as described previously, were harvested
and suspended in 10 ml of TES buffer (Tris-HCI
0.05 molli, Na2 EDTA 0.010 molli, pH 8.0, 0.5
molli sucrose). Alter centrifugation (5000 g, 10
min) the cells were suspended in 0.5 ml of TE
buffer (Tris-HCI 0.05 molli, Na2 EDTA 0.01 moll
l, pH 8.0). Low melting point agarose (1%) (Nu-
Sieve) in TE buffer was added to each ce" sus-
pension. A 100-111volume of the cell-agarose
mixture was poured into 150-111molds. Each ag-
arose block was washed in TE and incubated at
37 oC for 4 h in a buffer: TE with lysozyme (Afi-
lact France, 20 mg/ml), and 0.05% lauroyl sarco-
sine. The blocks were washed with TE and sus-
pended in a Iysis solution (0.1 molli EDTA, Tris
0.01 molli pH 8.0 1% SDS, 1 mg/ml proteinase
K (Boehringer Mannheim). This was followed by
incubation at 50 oC for 24 h. The blocks were
washed with TE, suspended in a phenylmethyl-
sulfonylfluoride (PMSf') solution (175 Ilg/ml in
TE), and incubated at room temperature for 1 h.
The blocks were finally washed 3 times with TE
buffer and stored in the buffer at 4 "C,

Genomic DNA digestion
and pulsed-field gel electrophoresis

Restriction enzymes were obtained from Boeh-
ringer. The agarose blocks were washed exten-
sively with TE. Each plug was incubated at room
temperature for 12 h in 500 11\of restriction en-
zyme buffer. For digestion, each plug was incu-
bated overnight in 200 III of restriction enzyme
buffer with 50 U of restriction enzyme. The re-
stricted block couId be stored at 4 oC in 0.5 molli
EDTA for a few days.

The pulsed field gel electrophoresis was per-
formed on a Bio-Rad CHEF DRU electrophore-
sis cell (Lai et al, 1989). The samples were mi-
grated through 1% (w/v) agarose gels in a



Table 1. Size (kbjof restriction fragments obtained after digestion with Xbal or Sspl of the chromosome of various Propionibacterium strains.
Taille des bandes (kb) obtenues après digestion du chromosome de différentes souches de Propionibacterium avec Xbal et Ssp/.

P acidipropionici P freudenreichii Pjensenii P thoenii

ATCC4875 OSM20273 CIP 103208 TL 2500 CNRZ 729 CIP6435 CNRZ 87 CNRZ 79 CIP6434 CNRZ 732 CNRZ 85

Sspl Xbal Xbal Sspl Xbal Xbal Xbal Sspl Xbal Xbal Xbal Sspl Xbal Xbal Xbal (j)
œ
:J
0
3œ

360 270 300 450 650 360 360 1000 270 270 260 360 270 250 360 en
270 245 270 270 275 270 270 280 260 260 245 250 230 245 260 i'ïœ
250 240 240 245 245 250 270 270 245 260 215 240 230 240 250 sa.
230 240 235 245 245 250 245 245 240 248 215 225 215 210 245 ~
230 220 230 210 210 230 245 208 210 245 205 210 215 205 245 .g
218 220 220 203 203 225 210 130 200 245 205 210 205 203 205 Cl

::J
210 210 205 195 200 200 208 80 200 210 195 200 205 195 205 0'

III205 205 205 130 190 200 204 40 180 205 195 175 200 195 190 C)

âi205 205 180 110 110 191 180 25 180 190 103 150 105 190 105 ~.200 200 120 110 100 100 106 10 105 110 102 120 105 160 105
165 190 120 80 95 80 100 100 105 100 100 100 103 100 0"

'<
165 190 110 80 50 60 50 60 100 95 90 70 103 95 "1J

130 40 90 70 70 45 45
.,

150 105 20 60 25 60 45 (j)

125 125 100 20 10 10 35 40 45 60 45 45 40 m

110 125 98 15 35 30 40 40 20
100 95 20 25 20 20 20 20

70 10 10 20 20 20
70 5 20

3173 3035 2433 2433 2603 2476 2483 2288 2420 2583 2350 2460 2365 2389 2510

+:-
l'Vw
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solution of TBE gel buffer (0.089 molli Tris-
borate, 0.089 molli boric acid, 0.002 molli
EDTA, pH 8.3) 0.5x. The electrophoretic condi-
tions have been indicated above the 'figures.

RESUL TS AND DISCUSSION

A first selection of restriction endonucleas-
es was made using the results obtained
from bacteria showing a high G+C DNA.
We chose the enzymes NoN and Sfl1 ,
which recognize 8 base-pair high G+C se-
quences and which have been successful-
Iy used to 'determine the size of the E coli
K12 chromosome (Smith et al, 1987).

1 3 4 52

Sorne enzymes with recognition sequenc-
es rich in A+T (Oral, Hpal, Ndel, Sspl,
Xbal and Asnl) used to determine the size
of the Pseudomonas aeruginosa genome
which has a high G+C content were also
employed (Hector and Johnson, 1990).
Moreover, the restriction site of Xbal and
Sspl containing the stop codon TAG ap-
pears very infrequently on the E coli chro-
mosome (Condemine and Smith, 1990).
Ali these restriction enzymes have been
tested on 4 representative strains of Propi-
onibacterium (P acidipropionici ATCC
4875, P freudenreichii CIP 103026, P jen-
senii CIP 6435 and P thoenii CIP 6434).
The results obtained with strain ATCC

6 7 8 9 10
1000kb-
360--
275~
250-/
245-/
240-./;;
230--.//
210-/
205-
203-/
191----130-;/
106-
\00-/
95-

Fig 1. PFGE of DNA from P acidipropionici strain ATCC4875 digested with various restriction en-
zymes. Lane 2: Oral. Lane 3: Not1. Lane 4: Sfll. Lane 5: Asnl. Lane 6: Ndel. Lane 7: Hpal. Lane 9:
Sspl. Lane 10: Xbal. Lane 1 and Lane 8, E coli K12 chromosome digested with Not1. Running condi-
tions were 200 V for 16 h with a 20 s pulse time at 14 oC.
PFGE de l'ADN de la souche de P acidipropionici ATCC4875 digéré avec différentes endonucléases
de restriction. Piste 2 : Oral. Piste 3 : Not!. Piste 4 : Sfi/. Piste 5:Asn/. Piste 6: Ndel. Piste 7: Hpal.
Piste 9 : Ssp/. Piste 10: Xbal. Pistes 1et 8: chromosome de E coli K12 digéré avec Not!. Les para-
mètres de migration étaient de 200 V à 14 oC, 16 h avec une fréquence d'impulsion de 20 s.
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4875 are presented in figure 1; they were
similar for the 3 other strains (data not
shown). Some enzymes used to determine
the size of the Pseudomonas genome
(Oral and Asnl) presented none or only a
few cut sites in the Propionibacteria ge-
nomes. Other enzymes, such as Spel, had
more complex patterns which were difficult
to analyse. The restriction endonucleases
Noti and SfJl produced too many restriction
fragments. Digestion of the chromosomal
DNA with Xbal and Sspl (fig 1, lanes 9 and
10) seemed to be most suitable for ge-
nome size determination, since the resulting
pattern was more simple to analyse, the
fragments produced were large and the ge-
nome was cut into fewer than 20 bands.

Figure 2 shows the restriction profiles
obtained with Xbal digestion of the chro-
mosome of a representative strain of each
species. The patterns obtained with Sspl
(data not shown) were similar and consti-
tuted 10-16 bands, ranging in size from kb
approximately 10-1 000. Lambda concat-
emers were used as markers and E coli
K12 was digested with Noll (Smith et al,
1987) in order to compare the restriction
profiles. Band size has been indicated in
table 1.

The chromosome molecular size of
each Propionibacterium species was deter-
mined by averaging the size obtained by
Xbal or Sspl digestion of 2 (for P acidiprop-
iontct; or 3 strains of each species. For P
acidipropionici Xbal and Sspl consistently
gave a genome size of approximately
3 060 kb. For P freudenreichii, these en-
zymes gave a size of about 2 500 kb. The
genorne size of P jensenii was estimated
to be 2 410 kb and that of P thoenii to be
2 440 kb. Moreover, the restriction patterns
of these different species of Propionibacte-
rium did not resemble one another. In com-
parison, the genome size of E coli ob-
tained by PFGE analysis was 4 550 kb and
that of L lactis ranged from 2 300-2 600 kb
(Le Bourgeois et al, 1989).
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Fig 2. PFGE separation of Propionibacterium
chromosome digested with Xbal. Lane 1: P acidi-
propionici ATCC4875. Lane 2: P freudenreichii
CIP103026. Lane 3: P jenseniiCIP6435. Lane 4:
P thoenii CIP6434. Lane 5: E coli chromosome
digested with Non. Running conditions were 200
V for 16 h with a 20 s pulse time at 14 oC.
PFGE du génome de différentes espèces de Pro-
pionibacterium digéré avec Xba/. Piste 1:P acidi-
propionici A TCC4875. Piste 2 : P freudenreichii
CIP103026. Piste 3 : P jensenii CIP6435. Piste
4 : P thoenii CIP6434. Piste 5 : chromosome de
E coli K12 digéré avec Not/. Les conditions de
migration étaient 200 V à 14 oC pendant 16 h
avec une fréquence d'impulsion de 20 s.

The PFGE method provides a good
means of determining the genome size of
Propionibacterium, a study which has not
been yet published. Unlike the chemical
method (Herdrnan, 1985) PFGE provides a
direct measurement of the physical length
of the DNA. Using PFGE, the fragments
produced by Xbaland Sspl were separat-
ed and genome size determination was fa-
cilitated. This technique will be used to
compare strains in our collection as has re-
cently been proposed for lactococci
(Tankskanen et al, 1990) in order to devel-
op a simple method of identification.
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