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A total of 24 strains, biochemically identified as members of the Lactobacillus casei group, were identified by
PCR with species-specific primers. The same set of strains was typed by randomly amplified polymorphic DNA
(RAPD) analysis, ribotyping, and pulsed-field gel electrophoresis (PFGE) in order to compare the discrimi-
natory power of the methods. Species-specific primers for L. rhamnosus and L. casei identified the type strain
L. rhamnosus ATCC 7469 and the neotype strain L. casei ATCC 334, respectively, but did not give any signal
with the recently revived species L. zeae, which contains the type strain ATCC 15820 and the strain ATCC 393,
which was previously classified as L. casei. Our results are in accordance with the suggested new classification
of the L. casei group. Altogether, 21 of the 24 strains studied were identified with the species-specific primers.
In strain typing, PFGE was the most discriminatory method, revealing 17 genotypes for the 24 strains studied.
Ribotyping and RAPD analysis yielded 15 and 12 genotypes, respectively.

Lactobacilli have a worldwide industrial use as starters in the
manufacturing of fermented milk products. Moreover, some
Lactobacillus strains have probiotic characteristics and are
therefore included in fresh fermented products or used in
capsular health products, such as freeze-dried powder. The use
of some Lactobacillus strains as probiotics is based on studies
which show that these species belong to the normal intestinal
flora and that the strains have beneficial effects on human and
animal health (for reviews, see references 16 and 19). Lacto-
bacillus rhamnosus and L. casei do not belong to the group of
primary starters used in the dairy industry, but these species
include many important probiotic strains, e.g., L. casei Shirota
(26) and L. rhamnosus GG (20). These species are also natu-
rally found in raw milk and in high numbers in cheese after it
ripens (8, 15).

Traditionally, the identification of lactobacilli has been
based mainly on fermentation of carbohydrates, morphology,
and Gram staining, and these methods are still used. However,
in recent years, the taxonomy has changed considerably with
the increasing knowledge of the genomic structure and phylo-
genetic relationships between Lactobacillus spp. (14, 24, 30).
The identification of some Lactobacillus species by biochemi-
cal methods alone is not reliable (6, 14, 22), as evidenced by the
L. casei group (21, 32). The L. casei group includes L. casei, L.
paracasei, L. rhamnosus, and L. zeae; the rejection of L. para-
casei and its inclusion in L. casei has been proposed (7, 9, 10,
17).

Probiotic health products can contain, perhaps due to the
lack of good identification methods, Lactobacillus species
other than those declared on the product specifications (13, 14,
32). Difficulty in identification has also been reported for clin-
ical isolates (21, 32). The need for rapid and reliable species-
specific identification, e.g., by PCR, is obvious. Recently, spe-
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cies-specific oligonucleotide primers for L. paracasei and L.
rhamnosus were described (1, 29).

The identification of lactobacilli at the strain level is impor-
tant for their industrial use. The biotechnology industry needs
tools to monitor, e.g., the use of patented strains or to distin-
guish probiotic strains from natural isolates in the host gastro-
intestinal tract. As for safety aspects, it is crucial to be able to
compare clinical isolates and biotechnological strains and also
to monitor the genetic stability of the strains (11, 14). Geno-
typic methods used for strain typing are typically PCR methods
(e.g., randomly amplified polymorphic DNA [RAPD] analysis)
or variations of restriction enzyme analysis (e.g., pulsed-field
gel electrophoresis [PFGE] and ribotyping) (30). In RAPD
analysis (31), short arbitrary sequences are used as primers in
PCR, which yields strain-specific amplification product pat-
terns. In PFGE and ribotyping analysis, genomic DNA is di-
gested with restriction enzymes. In PFGE (23), rare-cutting
enzymes are used and large genomic fragments are separated,
while in ribotyping (25), rRNA genes and/or their spacer re-
gions are used as probes that hybridize with genomic restric-
tion fragments. These basic methodological differences may
cause divergences in typing results.

The aims of this study were (i) to compare the identification
of L. casei and L. rhamnosus strains by the API 50 CHL test
and by species-specific PCR and (ii) to compare PFGE, RAPD
analysis, and ribotyping techniques for the discrimination of
closely related L. casei and L. rhamnosus strains.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The bacterial strains used throughout
the study are listed in Table 1. The strains were maintained at —80°C and
subcultured in MRS broth or on MRS agar plates (LabM, Bury, England)
anaerobically at 37°C. An API 50 CHL kit and APILAB Plus software using the
API 50 CHL version 4.0 database (bioMérieux, Lyon, France) were used to
identify strains biochemically.

L. rhamnosus and L. paracasei species-specific PCR. Template DNA for the L.
rhamnosus species-specific PCR was extracted as described previously (1) or,
alternatively, PCR was performed with a fresh single colony grown overnight.
The L. rhamnosus species-specific PCR assay described by Alander et al. (1) was
used. The sequences of the primer pair (Table 2, Rhal) designed into the 16S
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TABLE 1. Lactobacillus strains used in the study
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Bacterial strain

Identification by API 50 CHL
(identification comment)”

Source

L. rhamnosus

Human isolate, Valio Ltd.”
Human isolate, Valio Ltd.
Human isolate, Valio Ltd.
Human isolate, Valio Ltd.
Human isolate, Valio Ltd.
Human isolate, Valio Ltd.

Isolated from beer, VIT¢ Culture Collection

Isolated from milk, Valio Ltd.

Human isolate, VTT Culture Collection
Isolated from Lactophilus? powder
Isolated from cheese, Valio Ltd.

Human isolate, Valio Ltd.
Human isolate, Valio Ltd.
Human isolate, Valio Ltd.

GG (ATCC 53103) L. rhamnosus (doubtful)
VS 1030 L. rhamnosus (doubtful)
VS 1031 L. rhamnosus (doubtful)
VS 1032 L. rhamnosus (doubtful)
VS 1033 L. rhamnosus (unacceptable)
VS 1034 L. rhamnosus (good)
E-78080 L. rhamnosus (very good)
VS 872 L. rhamnosus (very good)
E-97800 L. rhamnosus (doubtful)
Lactophilus L. rhamnosus (excellent)
VS 495 L. rhamnosus (good)
VS 1017 L. rhamnosus (doubtful)
VS 1018 L. rhamnosus (unacceptable)
VS 1019 L. rhamnosus (doubtful)
VS 1020 L. rhamnosus (good)
VS 1021 L. rhamnosus (good)
VS 1022 L. rhamnosus (very good)
ATCC 7469 L. rhamnosus (excellent)
ATCC 11443 L. rhamnosus (very good)
L. casei
ATCC 393¢ L. rhamnosus (good)
ATCC 334 L. rhamnosus (doubtful)
ATCC 4646 L. paracasei (very good)

L. paracasei VS 1023 L. paracasei (excellent)

L. zeae ATCC 15820/

L. paracasei (unacceptable)

Human isolate, Valio Ltd.
Human isolate, Valio Ltd.
Human isolate, Valio Ltd.
American Type Culture Collection
American Type Culture Collection

American Type Culture Collection
American Type Culture Collection
American Type Culture Collection
Human isolate, Valio Ltd.

American Type Culture Collection

“ Identification by the API 50 CHL kit and the profile status by APILAB Plus software using the API 50 CHL version 4.0 database. Identification comment given
by APILAB Plus software: excellent, the percentage of identification (%ID) = 99.9 and the T index (T) = 0.75; very good, %ID = 99.0 and T = 0.5; good, %ID =
90.0 and T = 0.25; acceptable, %ID = 80.0 and T = 0; doubtful, several tests against identification (e.g., a rare biotype); unacceptable, below threshold value.

> Valio Ltd., Helsinki, Finland.

¢ VTT Biotechnology and Food Research, Espoo, Finland.

4 Manufactured by Laboratoires Lyocentre, Aurillac, France.
¢ Recently proposed to belong to L. zeae (10, 17).

/L. zeae type strain (10, 17).

rRNA gene were 5'CTTGCATCTTGATTTAATTTTG3' (forward) and 5'CC
GTCAATTCCTTTGAGTTT3’ (reverse). The specificity of the primer pair was
defined by the forward primer, and the expected PCR product size was 863 bp.
The primers were made with a PCR Mate 391 DNA synthesizer (Perkin-Elmer
Applied Biosystems, Foster City, Calif.) according to the manufacturer’s instruc-
tions. Tag DNA polymerase and PCR buffer (final concentrations of 10 mM
Tris-HCI, 1.5 mM MgCl,, and 50 mM KCI [pH 8.3]) were obtained from Boehr-
inger Mannheim (Mannheim, Germany). The amount of Tag DNA polymerase
used was 2.0 U in a total reaction volume of 100 wl. The concentration of each
primer was 0.5 uM, and that of each deoxynucleotide (Finnzymes Oy, Espoo,
Finland) was 200 uM. The amount of template used was 1 ul of an appropriate
dilution of the extracted DNA. A Gene Amp PCR System 9600 apparatus
(Perkin-Elmer Applied Biosystems) was used for the PCR cycling. Initial dena-
turation was carried out at 94°C for 5 min, followed by a touch-down thermo-
cycling program with 30 amplification cycles (annealing for 30 s at 62°C in cycles
1 to 10, 60°C in cycles 11 to 20, and 58°C in cycles 21 to 30; extension for 1 min
at 72°C; and denaturation for 40 s at 94°C) and final extension for 10 min at 72°C.
Reaction mixtures were subsequently cooled to 4°C. The PCR products were
analyzed by agarose gel electrophoresis with 1% agarose in 0.5X Tris-borate-
EDTA (10X is 89 mM Tris, 8 mM boric acid, and 25 mM EDTA [pH 8.0])
(TBE) buffer and ethidium bromide staining.

Other sets of species-specific primers, designed into the 16S-23S ribosomal
DNA (rDNA) spacer region, were used to identify L. rhamnosus (Table 2,
Rhall) and L. paracasei (Table 2, Cas) as described previously (29). Primer
5'CAGACTGAAAGTCTGACGG3' was used with primers 5'GCGATGCGA
ATTTCTATTATT3' and 5'GCGATGCGAATTTCTTTTTC3' to amplify L.
rhamnosus and L. paracasei species-specific sequences, respectively. PCR ampli-
fication was performed with a DyNAzyme DNA polymerase kit (Finnzymes Oy)
according to the instructions of the manufacturer. The PCR buffer contained 10
mM Tris-HCI, 1.5 mM MgCl,, 50 mM KCI, and 0.1% Triton X-100 (pH 8.8). The
primers were used at 1 M and deoxynucleotides were used at 200 wM. Initial
denaturation was at 94°C for 2 min, and the thermocycling program was 94°C for

1 min, 55°C for 1 min, and 72°C for 1 min. With both the L. rhamnosus and L.
paracasei primers, two PCR products of 350 and 185 bp were amplified.

RAPD genotyping. Template DNA for RAPD analysis was extracted from
lactobacilli according to a modification of the method of Bollet et al. (4). Briefly,
bacterial cells from a plate of a single-colony subculture of lactobacilli on MRS
agar were harvested and transferred to Eppendorf tubes containing 100 pl of
Tris-EDTA (TE) buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0). Tubes were
vortexed well, 50 pl of 10% sodium dodecyl sulfate was added, and after vor-
texing, the tubes were incubated for 30 min at 65°C. The bacterial suspension was
centrifuged (2,200 X g for 5 min), the supernatant was discarded, and the
Eppendorf tubes containing the cells were heated in a microwave oven for 5 min
at a power of 650 W. The pellets were dissolved in 500 ul of TE buffer, and a
1:100 dilution of cell lysate in water was used as a template in RAPD analysis.
RAPD analysis was performed in a 50-ul reaction volume consisting of 200 uM
deoxynucleoside triphosphate (Finnzymes Oy) a 0.4 pM concentration of ran-
dom sequence primer 5’AGTCAGCCAC3’, 10 mM Tris-HCI (pH 8.3), 50 mM
KCl, 4 mM MgCl,, 2.5 U of Tag DNA polymerase (Boehringer Mannheim), and
5 pl of template. The temperature profile in the Gene Amp PCR System 9600
thermocycler was 35 cycles as follows: 94°C for 1 min, 32°C for 2 min, and 72°C
for 2 min. The initial denaturation was performed at 94°C for 5 min, and the final
extension was done at 72°C for 5 min. Amplification products were analyzed
electrophoretically in 1% (wt/vol) agarose gels containing ethidium bromide (0.5
pg/ml) and visualized under UV light. RAPD profiles of the strains were visually
compared, and every clearly distinguishable profile was considered one RAPD
genotype (Al, etc.)

Ribotyping. Ribotyping was performed by the automated ribotyping device
RiboPrinter microbial characterization system (Qualicon, Wilmington, Del.).
Standard reagents were used in all steps of the analysis. The method involves the
release of DNA from cells, EcoRI digestion of chromosomal DNA, and the
separation of the resulting fragments by agarose gel electrophoresis, followed by
Southern hybridization probing with the r7nB rRNA operon from Escherichia coli
(5) as a chemiluminescent probe. Images were acquired with a charge-coupled-
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TABLE 2. Bacterial species detected by PCR with species-specific
primer pairs

Result with primer pair
Bacterial strain

Rhal? Rhall” Cas®

L. rhamnosus
GG
VS 1030
VS 1031
VS 1032
VS 1033
VS 1034
E-78080
VS 872
E-97800
Lactophilus
VS 495
VS 1017
VS 1018
VS 1019
VS 1020
VS 1021
VS 1022
ATCC 7469
ATCC 11443

R T e i e B o s
T T e T I e
[

L. casei
ATCC 3937 -
ATCC 334 - -
ATCC 4646 — -
VS 1023 - —

+ 4+

L. zeae ATCC 15820 — — _

“ L. rhamnosus species-specific primers designed into the 16S rDNA gene (1).

b . rhamnosus species-specific primers designed into the 16S-23S rDNA
spacer region (29).

¢ L. casei species-specific primers designed into the 16S-23S rDNA spacer
region (29).

@ Recently proposed to belong to L. zeae (10, 17).

device camera and processed by RiboPrinter analysis software that normalizes
fragment pattern data for band intensity and relative band position compared to
the molecular weight marker. Similar fingerprint patterns (similarity of >0.95)
were automatically clustered into ribogroups (R1, etc.). All strains were ri-
botyped at least twice to ensure the reproducibility of the fingerprint patterns.

PFGE. The preparation of genomic DNA in situ in agarose blocks was per-
formed by a slight modification of the method of Tanskanen et al. (27). Lacto-
bacillus strains were grown to an A, of 0.6 in MRS broth containing 1% glycine
to facilitate lysis. Chloramphenicol (100 wg/ml) was added, and incubation was
continued for 1 to 2 h. Cells were harvested from 1.5 ml of culture, washed with
10 mM Tris—20 mM NaCl-50 mM EDTA (pH 7.2), and suspended in 300 pl of
the same buffer. The suspension was heated in 50°C, and 300 pl of 2% agarose
in 0.5X TBE buffer at the same temperature was added before solidifying the
suspension in molds. The agarose blocks were incubated overnight at 37°C in
lysis buffer, 6 mM Tris-1 M NaCl-100 mM EDTA-1% sarcosyl-0.2% deoxy-
cholate (pH 7.6), containing 2.5 mg of lysozyme (Sigma, St. Louis, Mo.) per ml
and 20 U of mutanolysin (Sigma) per ml. Proteinase K (1 mg/ml) treatment was
performed in 100 mM EDTA-1% sarcosyl-0.2% deoxycholate buffer (pH 8.0)
for 18 h at 50°C. The agarose blocks were washed four times for 1 h per wash with
20 mM Tris-50 mM EDTA (pH 8.0), the two first washes containing 1 mM
phenylmethylsulfonyl fluoride (Sigma). Before restriction enzyme digestion, the
agarose blocks were washed twice for 1 h per wash with TE buffer and then
balanced for 1 h in an appropriate restriction enzyme buffer. Restriction enzyme
digestions with NotI and Sfil were performed overnight at 37°C. Electrophoresis
was carried out with a CHEF DR II apparatus (Bio-Rad, Hercules, Calif.) in 1%
PFGE certified agarose (Bio-Rad) with 0.5X TBE buffer. The pulse time was 1
to 15 s, the current was 5 V/cm, the temperature was 14°C, and the running time
was 22 h. The agarose gel was stained with ethidium bromide (0.5 pg/ml) and
visualized under UV light. The PFGE profiles of the strains were visually com-
pared, and every clearly distinguishable profile was considered one NotI or Sfil
genotype. The final classification of PFGE genotypes (P1, etc.) combines the
separate results obtained with these two restriction enzymes.

APPL. ENVIRON. MICROBIOL.

RESULTS

Identification of bacterial species. Biochemical identifica-
tion of species was performed with an API 50 CHL kit. The
identification results given by APILAB Plus software with the
API 50 CHL version 4.0 database are shown in Table 1. For 13
strains, identification levels from good to excellent were ob-
tained, and identification levels of 11 strains were considered
doubtful or unacceptable due to atypical fermentation reac-
tions.

The ribosomal intergenic regions are reported to be more
variable between species than are the 16S or 23S RNA genes
(2). Therefore, two sets of L. rhamnosus species-specific oligo-
nucleotide primers were used to identify bacterial strains; the
first pair of primers was designed into 16S rDNA (1) and the
second into the 16S-23S rDNA spacer region (29). Both L.
rhamnosus primer pairs gave PCR products of expected sizes
with all strains except L. zeae ATCC 15820, L. rhamnosus VS
1033, L. paracasei VS 1023, and L. casei ATCC 393, ATCC
334, and ATCC 4646 (Table 2). The L. paracasei species-
specific primers produced PCR products of expected sizes with
L. paracasei VS 1023 and L. casei ATCC 334 and ATCC 4646.
All three of these strains were classified as L. casei since the
rejection of L. paracasei has been proposed (9, 10, 17); further,
only the name L. casei is used. The L. zeae type strain, ATCC
15820, and L. casei ATCC 393, which was recently reclassified
as L. zeae (10, 17), were not identified by either L. rhamnosus-
or L. casei-specific primers. L. rhamnosus VS 1033 gave an API
50 CHL profile (Table 1) and was earlier identified as belong-
ing to the L. casei group by 16S rRNA sequencing (unpub-
lished results). It did not, however, give positive results with
either of the L. rhamnosus or L. casei primers. This very likely
indicates that this strain also belongs to L. zeae. PCR identi-
fications of bacterial strains with the L. rhamnosus and L. casei
species-specific oligonucleotide primers are in Table 2.

RAPD analysis. Twelve RAPD genotypes (Al to A12) were
detected among the 24 Lactobacillus strains. Genotypes Al
(Fig. 1, lanes 1 to 6), A2 (lanes 7 to 12), A3 (lanes 13 and 14),
and AS (lanes 15 and 18) were represented by six, six, two, and
two strains, respectively, whereas the remaining eight strains
each had a unique RAPD genotype (Fig. 1 and Table 3). All L.
rhamnosus strains (Fig. 1, lanes 1 to 18) except for VS 1033
(Fig. 1, lane 20) produced a strong 1-kb amplification product
that was either missing or weak in the L. zeae (Fig. 1, lanes 21
and 22) and L. casei (Fig. 1, lanes 19, 23, and 24) strains.

Ribotyping. Ribotyping with the EcoRI restriction enzyme
produced 15 distinct fingerprint patterns for the 24 strains
studied (Fig. 2 and Table 3). The triple band located between
4.8 and 6.2 kb seemed to be a feature typical of the L. rham-
nosus fingerprint patterns; 16 of the 18 L. rhamnosus strains
(identified by species-specific PCR) gave this type of finger-
print (Fig. 2, R1 to R4, R6, R7, and RY). L. casei VS 1023
(R11), ATCC 334 (R13), and ATCC 4646 (R14) (identified by
species-specific PCR) shared bands of approximately 4.2 and
6.5 kb; in addition, strains VS 1023 (R11) and ATCC 334
(R13) shared bands of approximately 5 and 7 kb. The band
pattern of L. rhamnosus VS 1030 (R8) resembled those of
strains of both L. rhamnosus and L. casei. L. zeae ATCC 15820
(R15) and L. casei ATCC 393 (R12), which was proposed to
belong to L. zeae (10, 17), had bands of approximately 1, 3.5,
and 7 kb and a double band between 4.5 and 5.5 kb in common.
VS 1033 (R10), which we suggest belongs to L. zeae according
to the results of species-specific PCR, shared the bands of
approximately 1 and 3.5 kb and the larger band of the double
band between 4.5 and 5.5 kb with the L. zeae strains. The
fingerprint of L. rhamnosus VS 1020 (RS5) did not show simi-
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FIG. 1. RAPD patterns and genotypes (in parentheses) of the strains. Lanes: 1 to 18, L. rhamnosus GG (A1), VS 1031 (Al), VS 1032 (A1), VS 1034 (A1), VS 1017
(A1), VS 1018 (A1), ATCC 7469 (A2), ATCC 11443 (A2), E-78080 (A2), VS 872 (A2), VS 495 (A2), VS 1022 (A2), VS 1020 (A3), VS 1021 (A3), E-97800 (A4), VS
1030 (AS), Lactophilus (A6), and VS 1019 (AS5), respectively; 19, L. casei VS 1023 (A7); 20, L. rhamnosus VS 1033 (A8); 21, L. zeae ATCC 15820 (A9); 22, L. casei
ATCC 393 (A10); 23, L. casei ATCC 334 (Al1); 24, L. casei ATCC 4646 (A12); 25, molecular weight marker (in kilobase pairs).

larity to any other fingerprints. Strains belonging to the same
species were found to also share bands of >10 kb (Fig. 2).
These bands are not listed individually because it was difficult
to estimate the sizes of the bands with the coarse scale.
PFGE. L. rhamnosus genomic DNA digested with Sfil and
Notl yielded fragments of approximately 23 to 250 and 4 to 250

TABLE 3. Abilities of RAPD analysis, ribotyping, and PFGE to
differentiate L. rhamnosus and L. casei strains

Genotype by:
Bacterial strain

RAPD analysis RiboPrint PFGE*
L. rhamnosus
GG Al R1 P1
VS 1032 Al R1 P1
VS 1034 Al R1 P1
VS 1018 Al R1 P1
VS 1031 Al R1 P2
VS 1017 Al R1 P3
ATCC 7469 A2 R2 P4
ATCC 11443 A2 R2 P4
E-78080 A2 R2 P4
VS 872 A2 R3 P5
VS 1022 A2 R3 P5
VS 495 A2 R4 P6
VS 1020 A3 RS P7
VS 1021 A3 R6 P7
E-97800 A4 R7 P8
VS 1019 AS R7 P9
VS 1030 AS R8 P10
Lactophilus A6 R9 P11
VS 1033 A8 R10 P13
L. casei
VS 1023 A7 R11 P12
ATCC 393° A10 R12 P14
ATCC 334 All R13 P15
ATCC 4646 Al2 R14 P16
L. zeae ATCC 15820 A9 R15 P17

“ Combines the separate results obtained with Sfil (genotypes S1 to S16) and
Notl (genotypes N1 to N15).
® Recently proposed to belong to L. zeae (10, 17).

kb, respectively (Fig. 3 and 4). Sfil revealed 16 (S1 to S16) and
Notl revealed 15 (N1 to N15) distinct genotypes. Combining
the results (Table 3), 17 distinct genotypes (P1 to P17) were
found in the 24 Lactobacillus strains studied. Thirteen unique
genotypes were found, and genotypes P1, P4, P5, and P8 were
represented by four, three, two, and two strains, respectively
(Table 3). All L. rhamnosus and L. zeae strains produced a
typical double band (approximately 250 kb) and, possibly, ad-
ditional bands with restriction enzyme Sfil (Fig. 3a and b). NotI
cut L. rhamnosus genomic DNA more often, and similar kinds
of typical bands were not distinguishable (Fig. 4a and b). With
the L. casei strains, a typical restriction pattern was not pro-
duced by either enzyme (Fig. 3c and 4c).

L. rhamnosus GG (Fig. 3a, lane 1, and 4a, lane 1), VS 1032
(Fig. 3b, lane 2, and 4b, lane 2), VS 1034 (Fig. 3b, lane 3, and
4b, lane 3), and VS 1018 (Fig. 3b, lane 7, and 4b, lane 7) had

R1 R2 R3 R4 R5 R6 R7 R8 R9 RIORIIRI2 R13 R14RI15

FIG. 2. RiboPrint patterns of L. rhamnosus, L. casei, and L. zeae strains. The
patterns are composites of several individual patterns. Ribotypes: R1, L. rham-
nosus GG, VS 1032, VS 1034, VS 1018, VS 1031, and VS 1017; R2, L. rhamnosus
ATCC 7469, ATCC 11443, and E-78080; R3, L. rhamnosus VS 872 and VS 1022;
R4, L. rhamnosus VS 495; RS, L. rhamnosus VS 1020; R6, L. rhamnosus VS 1021;
R7, L. rhamnosus E-97800 and VS 1019; R8, L. rhamnosus VS 1030; R9, L.
rhamnosus Lactophilus; R10, L. rhamnosus VS 1033; R11, L. casei VS 1023; R12,
L. casei ATCC 393; R13, L. casei ATCC 334; R14, L. casei ATCC 4646; R15, L.
zeae ATCC 15820.
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identical PFGE profiles with both enzymes and could not be
distinguished from each other (Table 3, genotype P1). The
Sfil-produced profiles of L. rhamnosus VS 1017 (Fig. 3b, lane
6) and VS 1031 (Fig. 3b, lane 1) differed from those of the
previous group by one and two extra bands, respectively. An-
other group with identical PFGE profiles (Table 3, genotype
P4) with both enzymes consisted of L. rhamnosus ATCC 7469
(Fig. 3a, lane 2, and 4a, lane 2), ATCC 11443 (Fig. 3a, lane 3,
and 4a, lane 3), and E-78080 (Fig. 3a, lane 4, and 4a, lane 4).
The third group with identical PFGE patterns (Table 3, geno-
type P5) contained L. rhamnosus VS 872 (Fig. 3a, lane 5, and
4a, lane 5) and VS 1022 (Fig. 3b, lane 10, and 4b, lane 10), and
the last group (Table 3, genotype P7) contained strains L.
rhamnosus VS 1021 (Fig. 3a, lane 9, and 4a, lane 9) and VS
1020 (Fig. 3b, lane 9, and 4b, lane 9). All the other PFGE
profiles of the L. rhamnosus strains were unique. The L. casei
and L. zeae strains all had unique profiles.

DISCUSSION

Polyphasic taxonomy, which integrates phenotypic, geno-
typic, and phylogenetic information, has changed the classifi-
cation of lactobacilli in recent years (for a review, see reference
30). Reliable identifications of some species are not obtained
by traditional biochemical methods alone; genotypic methods

APPL. ENVIRON. MICROBIOL.

FIG. 3. PFGE profiles and genotypes (in parentheses) of the strains as de-
termined with restriction enzyme Sfil. (a) Lanes: 1 to 9, L. rhamnosus GG (S1),
ATCC 7469 (S2), ATCC 11443 (S2), E-78080 (S2), VS 872 (S2), E-97800 (S3),
VS 1030 (S4), VS 1033 (S5), and VS 1021 (S6), respectively; 10, L. zeae ATCC
15820 (S7). (b) Lanes: 1 to 10, L. rhamnosus VS 1031 (S8), VS 1032 (S1), VS
1034 (S1), Lactophilus (S9), VS 495 (S10), VS 1017 (S11), VS 1018 (S1), VS 1019
(S12), VS 1020 (S6), and VS 1022 (S2), respectively. (c) Lanes: 1 to 4, L. casei VS
1023 (S13), ATCC 393 (S14), ATCC 334 (S15), and ATCC 4646 (S16), respec-
tively.

are needed as well. This may cause problems for routine lab-
oratories performing analyses if reliable and easy genetic
methods, e.g., species-specific PCR, are not available.

We tested two pairs of recently published L. rhamnosus
specific primers, one pair complementary to 16S rDNA and the
other complementary to the spacer between 16S and 23S
rDNA. Similar results were obtained with the primer pairs, and
their specificity to the studied strains was good. No PCR signal
was obtained with either L. rhamnosus- or L. casei-specific
primers for L. zeae ATCC 15820 or L. casei ATCC 393, which
was recently reclassified as L. zeae. Neotype strain L. casei
ATCC 334 and the L. rhamnosus type strain, ATCC 7469, were
correctly identified with their species-specific primers. Primers
specific for L. zeae are needed for the complete identification
of this bacterial group. All the strains studied were identified as
belonging to the L. casei group, i.e., to L. casei, L. rhamnosus,
or L. zeae, by the API 50 CHL test. However, the exact iden-
tifications of these closely related species were not reliable.
Identifications of 11 strains were doubtful or unacceptable, and
one strain, L. casei ATCC 393 (reclassified as L. zeae), was
misidentified as L. rhamnosus with a good identification level.

At the species level, RAPD analysis yielded typical amplifi-
cation products of 1 kb from all L. rhamnosus strains except for
VS 1033, whose identification by the API 50 CHL test was
unacceptable; we suggest that VS 1033 belongs to L. zeae,
according to the results of species-specific PCR. The band
representing the 1-kb amplification product was missing or
weak with the L. casei and L. zeae strains. Ribotyping revealed
a triple band (between 4.8 and 6.2 kb) which seems to be
typical for most L. rhamnosus strains. In PFGE, all L. rham-
nosus and L. zeae strains yielded a typical double band (over
250 kb) when cut with Sfil, while no typical bands were distin-
guished by Norl. Typical bands in the fingerprints are very
helpful but, of course, are not adequate alone for the identi-
fication of L. rhamnosus.

For strain typing, PFGE was the most discriminating meth-
od; it revealed 17 genotypes of the 24 strains studied, while 15
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and 12 genotypes were distinguished by ribotyping and RAPD
analysis, respectively. PFGE was performed with two enzymes,
Sfil and Notl, which increased its discrimination capability.
However, even if the results obtained with Sfil (which revealed
16 genotypes) or Notl (15 genotypes) are considered sepa-
rately, PFGE remains the most discriminating or at least as
discriminating as ribotyping. All non-L. rhamnosus strains (ac-
cording to species-specific PCR) were distinguished from the
L. rhamnosus strains by all three methods. The 18 L. rhamno-
sus strains were typed into 11 (10 genotypes by Sfil and 9 by
Notl), 9, and 6 genotypes by PFGE, ribotyping, and RAPD
analysis, respectively. Table 3 shows that some L. rhamnosus
strains were typed as belonging to the same genotype group by
all three methods, which can be considered a very reliable
identification. Based on our experience, PFGE analysis alone,
performed with two or three appropriate enzymes, can be used
for reliable strain typing. In several Lactobacillus studies,
PFGE has been shown to be the most powerful method for
strain typing (3, 12, 18), and it is also used in epidemiological
studies (28). However, it is a laborious and expensive method;
therefore, only a limited number of samples can be analyzed.
Screening new primers in RAPD analysis and using other re-
striction enzymes in ribotyping could possibly increase their
specificity for strain typing. Ribotyping can be done automat-
ically (RiboPrinter) and is therefore easily applied, but the
equipment is rather expensive. RAPD analysis is a rapid and
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FIG. 4. PFGE profiles and genotypes (in parentheses) of the strains as de-
termined with restriction enzyme Notl. (a) Lanes: 1 to 9, L. rhamnosus GG (N1),
ATCC 7469 (N2), ATCC 11443 (N2), E-78080 (N2), VS 872 (N3), E-97800 (N4),
VS 1030 (N5), VS 1033 (N6), and VS 1021 (N7), respectively; 10, L. zeae ATCC
15820 (N8). (b) Lanes: 1 to 10, L. rhamnosus VS 1031 (N1), VS 1032 (N1), VS
1034 (N1), Lactophilus (N9), VS 495 (N10), VS 1017 (N11), VS 1018 (N1), VS
1019 (N5), VS 1020 (N7), and VS 1022 (N3), respectively. (c) Lanes: 1 to 4, L.
casei VS 1023 (N12), ATCC 393 (N13), ATCC 334 (N14), and ATCC 4646
(N15), respectively.

cheap method, but careful optimization is needed to ensure the
repeatability of the results.

To conclude, species-specific PCR, due to rapid and easy
performance, is a very useful method for identifying species of
the L. casei group. RAPD analysis, ribotyping, and PFGE are
all primarily typing methods, but they do have the potential to
also give species-specific information. Highly standardized and
automated ribotyping could be suitable in forming large data-
bases, giving rise to the possibility of using a typing method for
identification purposes. Principal identification is still based on
microbiological and biochemical methods, but for thorough
analysis, conventional identification methods should be com-
bined with genotypic methods.
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