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Abstract

PCR amplification of repetitive bacterial DNA elements fingerprinting using the (GTG)s primer ((GTG)s-PCR) was proven to be useful
for differentiation of a wide range of lactobacilli (i.e. 26 different (sub)species) at the species, subspecies and potentially up to the strain level.
Using this rapid and reproducible genotypic technique, new Lactobacillus isolates recovered from different types of fermented dry sausage
could be reliable identified at the (sub)species level. In conclusion, (GTG)s-PCR was found to be a promising genotypic tool for rapid and
reliable speciation and typing of lactobacilli and other lactic acid bacteria important in food-fermentation industries. © 2001 Federation
of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Lactic acid bacteria (LAB) are of great economical im-
portance to the dairy industry and for the production of
other fermented foods and food supplements. Next to
their functional characteristics, reliable identification and
high-resolution typing of LAB strains is essential in nutri-
tional sciences and fundamental food research. Tradition-
ally, LAB have been classified on the basis of phenotypic
properties including physiological parameters and sugar-
fermentation patterns [1,2]. However, as witnessed within
the Lactobacillus acidophilus complex and the Lactobacil-
lus casei complex, a correct classification and identification
of LAB is difficult without the support of genotypic tech-
niques [3-5]. The currently used methods for the study of
LAB such as protein profiling [6], 16S rRNA sequencing
[7], ribotyping [8], and pulsed-field gel electrophoresis
(PFGE) [9] are either too laborious, are limited in their
resolving power or require a species-specific methodology.
Therefore, a method that is universally suitable for the
LAB with a high resolving power both on the species
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and intraspecies level would be a highly valuable tool. In
this regard, PCR-based genomic fingerprinting techniques
are believed to have the most potential, and are easy to
perform [10].

So far, randomly amplified polymorphic DNA (RAPD)
fingerprinting is by far the most used PCR-based genomic
technique for identification of LAB [11-15]. However,
primers with a high discriminatory power and a broad
applicability within a large group of LAB species have
not been described. Moreover, because RAPD primers
are not directed against a particular genetic locus, the
resulting band patterns often exhibit a poor reproducibil-
ity [10,16]. Alternatively, PCR amplification of repetitive
bacterial DNA elements (rep-PCR) has been recognized as
a simple PCR-based technique with the following charac-
teristics: (i) a high discriminatory power, (ii) low cost, (iii)
suitable for a high-throughput of strains, and (iv) consid-
ered to be a reliable tool for classifying and typing a wide
range of Gram-negative and several Gram-positive bacte-
ria [10,17]. To our knowledge, the use of the rep-PCR
fingerprinting technique on LAB has been described in
three papers. De Urraza and co-workers [18] demonstrated
the usefulness of the BOXAIR primer for typing thermo-
philic LAB associated with dairy products. Hyytid-Trees
and co-workers [19] suggest that an adequate level of dis-
crimination among Lactobacillus sakei strains can be
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achieved by using a combination of rep-PCR using BOX
and REP primers and RAPD. Sohier and co-workers [20]
reported on the applicability of rep-PCR to differentiate
the species Lactobacillus hilgardii and Lactobacillus brevis.

The aim of the current study was to assess the applic-
ability of rep-PCR fingerprinting for the genotypic differ-
entiation of a broad range of Lactobacillus species. For
this purpose, a set of oligonucleotide primers targeting
various repetitive DNA elements was evaluated. The
method was tested on both reference strains and newly
isolated lactobacilli from different types of fermented dry
sausage.

2. Materials and methods
2.1. Strains and growth conditions

The taxonomical framework of reference strains con-
sisted of facultatively heterofermentative lactobacilli (39
strains representing 20 species), obligately homo- and het-
erofermentative lactobacilli (15 strains representing six
species), other LAB (seven strains including Enterococcus
faecalis, Lactococcus lactis, Pediococcus acidilactici, Pedio-
coccus pentosaceus, Weissella viridescens, Weissella haloto-
lerans). All reference strains were obtained from the
BCCM®/LMG bacteria collection (http://www.belspo.be/
becem/lmg) (Fig. 1). Two sets of Lactobacillus isolates, re-
covered from different types of fermented dry sausages,
were investigated in this study. For the first set of isolates
(n=152), the isolation and the identification at the (sub)-
species level by means of protein profiling were described
in a previous paper [21]. The isolates of the second set
(n=42) were obtained in a similar way, but were not iden-
tified prior to this study. All LAB strains were grown
overnight at 30°C on MRS agar (Difco, 0882-17-0), except
for the Lc. lactis strains, which were grown overnight at
30°C on M17 agar (Oxoid, CM785).

2.2. Protein profiling

Both reference strains and the first set of isolates were
identified using sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) of whole-cell bacterial pro-
teins. Preparation of protein extracts, SDS-PAGE of
whole-cell bacterial proteins and computer processing
were done as described previously [21].

2.3. Total DNA preparation

(Personal communication of C. Jerusalem, Department
of Microbiology, Chr. Hansen A/S) Total DNA was ex-
tracted from 10 ml of cultures harvested in the mid-log
phase (ODggp of 0.5-1). Cells were collected by centrifu-
gation (3000 X g, 10 min, 4°C) and frozen for at least 1 h
at —20°C. The thawed pellet was washed in 1 ml TES

buffer (6.7% sucrose, 50 mM Tris—-HCI, pH 8.0, | mM
EDTA) and resuspended in 300 ul STET buffer (8% su-
crose, 5% Triton X-100, 50 mM Tris—HCI, pH 8.0, 50 mM
EDTA). Seventy-five microliters of lysis buffer (TES con-
taining 1330 U ml~! mutanolysine and 40 mg ml™! lyso-
zyme) was added and the suspension incubated at 37°C for
1 h. After addition of 40 ul preheated (37°C) 20% SDS in
TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) and
glass beads, cells were vortexed for 60 s and incubated at
37°C for 10 min, followed by 10 min incubation at 65°C.
One hundred microliters of TE buffer was added and the
lysate was extracted with 1 volume phenol/chloroform/iso-
amylalcohol (49:49:1). Phases were separated by centrifu-
gation (18000X g, 5 min) using Phase Lock Gel® tubes
(Eppendorf). The aqueous phase was carefully mixed with
70 ul 5 M NaCl and 1 ml isopropanol, and DNA precipi-
tated on ice for at least 15 min. DNA was collected by
centrifugation (20000X g, 30 min, 4°C) and the pellet
washed in ice-cold 70% ethanol. DNA was dried by vac-
uum centrifugation and resuspended in 100 ul TE. One
microliter RNase (10 mg ml™!) was added and the solu-
tion was incubated at 37°C for 10 min and stored at 4°C.

2.4. rep-PCR genomic fingerprinting

The rep-PCR oligonucleotide primers evaluated in this
study were REP1R-I (5'-IIIICGICGICATCIGGC-3') and
REP2-I (5'-IHICGNCGNCATCNGGC-3"), BOXAIR (5'-
CTACGGCAAGGCGACGCTGACG-3'), and (GTG)s
(5’-GTGGTGGTGGTGGTG-3'), each with its own opti-
mal PCR program [17]. PCR amplifications were per-
formed with a DNA thermal cycler (Perkin Elmer 9600)
as described before [17], using Goldstar DNA polymerase
(Eurogentec, Belgium).

The PCR products were electrophoresed in a 1.5% aga-
rose gel (1520 cm) for 16 h at a constant voltage of 2 V
cm™!in 1 X TAE (40 mM Tris-acetate, ]| mM EDTA, pH
8.0) at 4°C. The rep-PCR profiles were visualized after
staining with ethidium bromide under ultraviolet light,
followed by digital image capturing using a CCD camera.
The resulting fingerprints were analyzed by the BioNumer-
ics V2.0 software package (Applied Maths, Ghent, Bel-
gium). The similarity among digitized profiles was calcu-
lated using the Pearson correlation, and an average
linkage (UPGMA) dendrogram was derived from the pro-
files.

3. Results and discussion
3.1. Evaluation of different primer sets

For the evaluation of the rep-PCR fingerprinting tech-
nique, two single oligonucleotide primers (BOXAIR and

(GTQG)s) and one primer pair (REP1R-I and REP2-I) were
initially tested for their ability to type a subset of 30 LAB
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Taxon
LMG 11437 C Lactobacillus brevis
LMG 79447 C Lactobacillus brevis
LMG 11774 C Lactobacillus brevis
LMG 11495 C Lactobacillus brevis
LMG 69047 B Lactobacillus casei
LMG 94967 A Lactobacillus amylovorus
LMG 19460 LAB Lactococcus lactis subsp. lactis
LMG 91917 B Lactobacillus paracasei subsp. tolerans
LMG 113847 LAB Pediococcus acidilactici
LMG 10739 LAB Pediococcus acidilactici
LMG 11462 B Lactobacillus intestinalis
LMG 14196" B Lactobacillus intestinalis
LMG 11998 C Lacrobacillus brevis
LMG 11992 C Lactobacillus brevis
LMG 11969 C Lactobacillus brevis
LMG 17299 B Lacrobacillus curvatus
LMG 12008 B Lacrobacillus curvatus
LMG 91987 B Lactobacillus curvatus
LMG 12007 B Lactobacillus curvatus
LMG 114577 C Lactobacillus parabuchneri
LMG 17306 B Lactobacillus sakei subsp. carnosus
LMG 17304 B Lactobacillus sakei subsp. carnosus
LMG 173027 B Lactobacillus sakei subsp. carnosus
LMG 17305 B Lactobacillus sakei subsp. carnosus
LMG 98257 B Lactobacillus graminis
LMG 135587 B Lactobacillus sakei subsp. sakei
LMG 17551 C Lactobacillus fermentum
LMG 18026 C Lactobacillus fermentum
LMG 8896 C Lactobacillus fermentum
LMG 69027 C Lactobacillus fermentum
LMG 11398 B Lactobacillus agilis
LMG 11399 B Lactobacillus agilis
LMG 91867 B Lactobacillus agilis
LMG 91977 B Lactobacillus coryniformis subsp. torquens
LMG 91967 B Lactobacillus coryniformis subsp. coryniformis
LMG 11432 B Lactobacillus bifermentans
LMG 98457 B Lactobacillus bifermentans
LMG 11431 B Lactobacillus bifermentans
LMG 91877 B Lactobacillus alimemarius
LMG 35077 LAB Weisella viridescens
LMG 14189 B Lactobacillus murinus
LMG 68927 c Lactobacillus buchneri
LMG 191527 B L bacillus paralii s
LMG 64007 B Lactobacillus rhamnosus
LMG 8153 B Lacrobacillus rhamnosus
LMG 10768 B Lactobacillus rhamnosus
LMG 18030 B Lactobacillus rhamnosus
LMG 92007 A Lactobacillus farciminis
LMG 189367 B Lactobacillus perolens
LMG 11385 LAB Pediococcus pentosaceus
LMG 13731 B Lactobaciilus paracasei
LMG 130877 B Lactobacillus paracasei subsp. paracasei
LMG 1284 B Lactobacillus plantarum
LMG 9206 B Lactobacillus plantarum
LMG 69077 B Lactobacillus plantarum
LMG 18021 B Lactobacillus plantarum
LMG 107557 B Lactobacillus pentosus
LMG 18401 B Lactobacillus pentosus
LMG 166737 B Lactobacillus paraplaniarim
LMG 19456 LAB LEnterococcus faecalis
LMG 94697 LAB Weisella halotolerans

Fig. 1. Dendrogram generated after cluster analysis of the digitized (GTG)s-PCR fingerprints of the reference strains. The dendrogram was constructed
using the unweighted pair-group method using arithmetic averages with correlation levels expressed as percentage values of the Pearson correlation coef-
ficient. *LMG: BCCM/TM/LMG bacteria collection (Laboratory of Microbiology, Ghent University, Belgium, http://www.belspo.be/bcem); T: type
strain; "Group A: obligately homofermentative lactobacilli, B: facultatively heterofermentative lactobacilli, and C: obligately heterofermentative lacto-

bacilli.

isolates that had already been identified using protein
profiling (results not shown). In comparison with the
BOXAIR primer and the REPIR-I and REP2-1 primer
set, the (GTQG)s primer clearly generated banding patterns
with the highest complexity. The use of BOX and REP
primers resulted in a banding pattern containing approx-
imately 0-6, and 1-10 visualized PCR products respec-
tively, while the (GTG)s primer generated fingerprints
containing between 10 and 20 visualized PCR products
with an average of 16.5. The size of the DNA fragments
obtained after amplification using the (GTG)s primer
ranged between 300 and 4000 bp. We found that the dis-

criminatory power did not seem to be significantly en-
hanced when combining BOX, REP and (GTG)s banding
patterns compared to the increase in amount of work.
Because it was intended to optimize an easy-to-perform,
rapid and reproducible method for cost-efficient speciation
and typing of unknown LAB isolates, the use of the
(GTQG)s primer was preferred above a PCR assay combin-
ing multiple primers. To date, very few studies are avail-
able on the use of the (GTG)s primer for rep-PCR finger-
printing [17]. In this regard, Nick and co-workers [22]
recently demonstrated the usefulness of rep-PCR finger-
printing with the (GTG)s primer in combination with
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Strain designations

LMG 69027, LMG 8896, LMG 17551, LMG 18026
LMG 11398, LMG 11399, LMG 9186"

LMG 17306, LMG 17304, LMG 17305, LMG 173027
R-12049 (DG 038), R-12050, R-12051, R-12053,
R-12054, R-12055, R-12057 (DG 046), R-12058
(DG 047), R-12059, R-12148 (DG 143), R-12168,
R-12169, R-12170 (DG 165), R-12171, R-12172,
R-12173 (DG 168), R-12174, R-12175, R-12176,
R-12177, R-12178 (DG 173), R-12179, R-12180,
R-12181, R-12182, R-12183 (DG 178), R-12184
(DG 179), R-12185 (DG 180), R-12186 (DG 181),
R-12187, R-12188, R-12189, R-12190, R-12191,
R-12482, R-12484, R-12485, R-12486, R-12487,
R-12488, R-12489, R-12490, R-12491, R-12502,
R-12503, R-12505, R-12515

LMG 98257
LMG 18401, LMG 107557

LMG 1284, LMG 69077, LMG 9206, LMG 18021

R-12019, R-12020 (DG 009), R-12022, R-12023,
R-12024, R-12025, R-12026 (DG 015), R-12027
(DG 016), R-12028, (DG 017), R-12029, R-12030,
R-12031, R-12032, R-12033, R-12034 (DG 023),
R-12035, R-12504, R-12506, R-12507, R-12508,
R-12509, R-12510, R-12511, R-125019, R-12892,
R-12893, R-12894, R-12895, R-12896, R-12897

LMG 19456

LMG 166737

LMG 130877, LMG 13731
LMG 114577

LMG 92007

LMG 189367

LMG 11385

LMG 79447, LMG 11437, LMG 11495, LMG 11774
LMG 69047

LMG 19460

LMG 94967

LMG 9191T

LMG 11969, LMG 11992, LMG 11998

LMG 91987, LMG 12007, LMG 12008, LMG 17299
R-12146 (DG 141), R-12147 (DG 142), R-12483,
R-12884, R-12885, R-12887, R-12888

LMG 10739, LMG 113847

LMG 11462, LMG 141967

LMG 91877, R-12497

R-12498, R-12499, R-12500, R-12501

LMG 141897

LMG 68927

LMG 191527

LMG 64007, LMG 8153, LMG 10768, LMG 18030
LMG 91977, LMG 91967

LMG 91967

LMG 98457, LMG 11431, LMG 11432

LMG 135587
R-12492, R-12493, R-12494, R-12495, R-12886
LMG 94697

Taxon

L. fermentum

L. agilis

L. sakei subsp. carnosus

L. graminis
L. pentosus

L. plantarum

E. faecalis

L. paraplemtarum

L. paracasei subsp. paracasei
L. parabuchneri

L. farciminis

L. perolens

P. pentosaceus

L. brevis cluster A

L. casei

L. lactis subsp. lactis

L. amylovorus

L. paracasei subsp. folerans

L. brevis cluster B

L. curvatus

P. acidilactici

L. intestinalis

L. alimentarius

L. murinus

L. buchneri

L. paralimentarius

L. rhamnosus

L. coryniformis subsp. forquens

L. coryniformis subsp. coryniformis

L. bifermentans
L. sakei subsp. sakei

W. halotoierans

Fig. 2. Dendrogram generated after cluster analysis of the digitized (GTG)s-PCR fingerprints of the 61 reference strains and 94 isolates. The dendro-
gram was constructed using the unweighted pair-group method using arithmetic averages with correlation levels expressed as percentage values of the
Pearson correlation coefficient. Block clusters I-IV contain reference strains and isolates. DG numbers refer to numbers used in Gevers et al. [21].

REP, ERIC and BOX primers for typing of rhizobial
strains. A combined REP+ERIC+BOX+(GTGQG)s dendro-
gram was generated because a maximized specificity of the
patterns was preferred.

3.2. Reproducibility of rep-PCR fingerprinting

A selection of 16 isolates and five reference strains was
used to assess the reproducibility of the banding pattern
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with rep-PCR fingerprinting using the (GTG)s primer
((GTG)s-PCR). PCR amplification and electrophoresis
were performed in three separate trials starting from the
same DNA preparation and using the same PCR reagents.
None of the strains tested showed qualitative differences in
banding patterns, i.e. presence versus absence of a band.
On the other hand, minor quantitative variations in band
intensity were occasionally found, but with no pronounced
effect on the stability of cluster analysis. The similarity
index between three separately obtained banding patterns
of the same strain ranged between 91 and 97%. In a sec-
ond reproducibility test, we investigated the influence of
the DNA preparation, and again, no qualitative differen-
ces in banding patterns could be detected. Moreover, each
PCR reaction is controlled for reproducibility by inclusion
of the reference strains LMG 6907T and LMG 173027, In
a series of 10 PCR reactions, an average of 93% similarity
between the corresponding banding patterns of each refer-
ence strain was found, and no qualitative variations were
noticed. In order to maintain a high reproducibility in
(GTQG)s-PCR fingerprinting, we strongly recommend the
use of filter tips, small aliquots of PCR reagents, and the
same thermal cycler for all PCR reactions. From our ex-
perience, and in contrast to the original protocol of Ver-
salovic and co-workers [17], working on ice to prepare the
PCR reaction mixture was preferred above room temper-
ature performance.

3.3. Identification and typing of lactobacilli with
(GTG)s-PCR

A total of 61 reference strains were subjected to
(GTQG)s-PCR fingerprinting. The results of numerical
analysis of the generated (GTG)s-PCR banding patterns
are shown in a dendrogram (Fig. 1). All reference strains
clearly grouped in separate clusters according to their re-
spective taxonomic designations, except for representatives
of L. brevis, which were dispersed in two clusters. L. brevis
is known to be a phenotypically and genotypically hetero-
geneous species, as observed from protein profiling (D.
Gevers, unpublished data) and DNA-DNA hybridization
data [5]. The newly obtained (GTG)s-PCR fingerprinting
results confirm this previous finding, hereby indicating the
need for a revision of the species status of L. brevis. In a
number of cases, it was also noted that the taxonomic
resolution of the (GTG)s-PCR method was higher than
that of protein profiling. The closely related species Lac-
tobacillus pentosus, Lactobacillus plantarum and Lactoba-
cillus paraplantarum, and the species Lactobacillus alimen-
tarius and Lactobacillus paralimentarius cannot be
differentiated using protein profiling (data not shown).
As shown in Fig. 1, this was not a problem in numerical
analysis of (GTG)s-PCR fingerprints. For each of the in-
vestigated taxa, group-specific bands could be observed
that allowed visual verification of the clusters obtained
with numerical analysis. It was found that the complexity

of the (GTQG)s-PCR band pattern was not the same for all
species. Generally, the number of bands ranged between
10 and 20, with an average of 16.5. For L. alimentarius
and Lactobacillus intestinalis, however, the number of
bands was lower, i.e. six and five respectively. The banding
patterns of seven strains belonging to other Gram-positive
genera (i.e. Enterococcus, Lactococcus, Pediococcus and
Weissella) displayed a comparable complexity as seen
among the majority of Lactobacillus fingerprints. On the
other hand, the grouping obtained in Fig. 1 clearly did not
reflect classification in different genera as lactobacilli were
not clearly separated from strains of other Gram-positive
genera. A fairly high discriminatory power up to the strain
level was found for the set of 61 reference strains as all of
these strains could be differentiated from each other on the
basis of at least one band difference in their respective
(GTG)s-PCR fingerprints (Fig. 1).

In order to evaluate the applicability of (GTG)s-PCR
for identification of unknown isolates, two different sets of
isolates were subjected to (GTG)s-PCR fingerprinting
(Fig. 2). The first set contained 52 isolates that were pre-
viously identified at the (sub)species level by means of
protein profiling [21]. The results of numerical analysis
of the generated (GTG)s-PCR banding patterns confirms
identification and the clustering based on the protein pro-
files for all 52 isolates. For the second set of 42 previously
unidentified isolates, the (GTG)s-PCR banding patterns
were clustered together with the reference strains and iso-
lates of the first set. The previously unidentified LAB iso-
lates were assigned to the clusters representing L. alimen-
tarius, Lactobacillus curvatus, L. plantarum, L. sakei subsp.
carnosus and sakei. Clearly, the addition of these isolates
had no pronounced effect on the stability of cluster anal-
ysis based on the (GTG)s-PCR banding patterns of the
reference strains. Overall, (GTG)s-PCR banding patterns
displayed a much higher heterogeneity among isolates,
compared to the corresponding protein profiles (data not
shown). In this way, (GTG)s-PCR analysis revealed that a
given species was represented by different strains within
the same sample of fermented dry sausage. On the other
hand, isolates with highly similar or even identical
(GTG)s-PCR fingerprints were frequently found within
the set of isolates recovered from the same sample of fer-
mented dry sausage. From our experience, (GTG)s-PCR
fingerprinting can be used for identification and possibly
for intraspecies differentiation and is especially useful for
screening a large number of strains. In specific cases, how-
ever, it may be necessary to further subtype a cluster of
similar (GTG)s-PCR fingerprints using PFGE. Further
research will include more strains of a broader group of
LAB and investigate the usefulness of (GTG)s-PCR for
high-resolution typing.

In conclusion, the rep-PCR fingerprinting technique us-
ing (GTG)s-PCR is a rapid, easy-to-perform, and repro-
ducible tool for differentiation of a wide range of food-
associated lactobacilli at the species, subspecies and poten-
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tially up to the strain level, with a single-performance pro-
tocol. In our hands, this technique is a promising geno-
typic tool for rapid and reliable speciation and typing of
lactobacilli and other LAB in food-fermentation indus-
tries.

Acknowledgements

This research was carried out under financial support
from the Institute for the Encouragement of Scientific
and Technological Research in the Industry (IWT,
http://www.iwt.be). Part of this research was supported
by Research Programme 3G030901 of the Fund for Sci-
entific Research - Flanders (Belgium) (F.W.O. Flanders,
http://www.Fwo.be).

References

[1] Pot, B., Ludwig, W., Kersters, K. and Schleifer, K.H. (1994) Taxon-
omy of lactic acid bacteria. In: Bacteriocins of Lactic Acid Bacteria:
Microbiology, Genetics and Applications (De Vuyst, L. and Van-
damme, E.J., Eds.), pp. 13-90. Blackie Academic and Professional,
London.

[2] Vandamme, P., Pot, B., Gillis, M., de Vos, P., Kersters, K. and
Swings, J. (1996) Polyphasic taxonomy, a consensus approach to
bacterial systematics. Microbiol. Rev. 60, 407-438.

[3] Gancheva, A., Pot, B., Vanhonacker, K., Hoste, B. and Kersters, K.
(1999) A polyphasic approach towards the identification of strains
belonging to Lactobacillus acidophilus and related species. Syst. Appl.
Microbiol. 22, 573-585.

[4] Tynkkynen, S., Satokari, R., Saarela, M., Mattila-Sandholm, T. and

Saxelin, M. (1999) Comparison of ribotyping, randomly amplified

polymorphic DNA analysis, and pulsed-field gel electrophoresis in

typing of Lactobacillus rhamnosus and L. casei strains. Appl. Envi-

ron. Microbiol. 65, 3908-3914.

Kandler, O. and Weiss, N. (1986) Section 14: regular, nonsporing

Gram-positive rods. In: Bergey’s Manual of Systematic Bacteriology,

Vol. 2 (Sneath, P.H.A., Mair, N.S., Sharpe, M.E. and Holt, J.G.,

Eds.), Williams and Wilkins Co., Baltimore, MD.

[6] Pot, B., Vandamme, P., and Kersters, K. (1994) Analysis of electro-

phoretic whole-organism protein fingerprints. In: Chemical Methods

in Prokaryotic Systematics (Goodfellow, M. and O’Donnell, A.G.,

Eds.), pp. 493-521. John Wiley and Sons Ltd., Chichester.

Collins, M.D., Rodrigues, U., Ash, C., Aguirre, M., Farrow, J.A.E.,

Martinezmurcia, A., Phillips, B.A., Williams, A.M. and Wallbanks,

S. (1991) Phylogenetic analysis of the genus Lactobacillus and related

lactic acid bacteria as determined by reverse-transcriptase sequencing

of 16S ribosomal-RNA. FEMS Microbiol. Lett. 77, 5-12.

[8] Zhong, W., Millsap, K., Bialkowska-Hobrzanska, H. and Reid, G.
(1998) Differentiation of Lactobacillus species by molecular typing.
Appl. Environ. Microbiol. 64, 2418-2423.

=

[7

[9] Tenover, F.C., Arbeit, R.D., Goering, R.V., Mickelsen, P.A., Mur-
ray, B.E., Persing, D.H. and Swaminathan, B. (1995) Interpreting
chromosomal DNA restriction patterns produced by pulsed-field gel
electrophoresis: criteria for bacterial strain typing. J. Clin. Microbiol.
33, 2233-2239.

[10] Olive, D.M. and Bean, P. (1999) Principles and applications of meth-
ods for DNA based typing of microbial organisms. J. Clin. Micro-
biol. 37, 1661-1669.

[11] Daud Khaled, A.K., Neilan, B.A., Henriksson, A. and Conway, P.L.
(1997) Identification and phylogenetic analysis of Lactobacillus using
multiplex RAPD-PCR. FEMS Microbiol. Lett. 153, 191-197.

[12] Bjorkroth, J., Ridell, J. and Korkeala, H. (1996) Characterization of
Lactobacillus sakei strains associating with production of ropy slime
by randomly amplified polymorphic DNA (RAPD) and pulsed-field
gel electrophoresis (PFGE) patterns. Int. J. Food Microbiol. 31, 59—
68.

[13] Johansson, M.L., Quednau, M., Molin, G. and Ahrné, S. (1995)
Randomly amplified polymorphic DNA (RAPD) for rapid typing
of Lactobacillus plantarum strains. Lett. Appl. Microbiol. 21, 155-
159.

[14] Cocconcelli, P.S., Parisi, M.G., Senini, L. and Bottazzi, V. (1997) Use
of RAPD and 16S rDNA sequencing for the study of Lactobacillus
population dynamics in natural whey culture. Lett. Appl. Microbiol.
25, 8-12.

[15] Du Plessis, E.M. and Dicks, L.M. (1995) Evaluation of random am-
plified polymorphic DNA (RAPD)-PCR as a method to differentiate
Lactobacillus acidophilus, Lactobacillus crispatus, Lactobacillus amy-
lovorus, Lactobacillus gallinarum, Lactobacillus gasseri, and Lactoba-
cillus johnsonii. Curr. Microbiol. 31, 114-118.

[16] Meunier, J.R. and Grimont, P.A.D. (1993) Factors affecting repro-
ducibility of random amplified polymorphic DNA-fingerprinting.
Res. Microbiol. 144, 373-379.

[17] Versalovic, J., Schneider, M., De Bruijn, F.J. and Lupski, J.R. (1994)
Genomic fingerprinting of bacteria using repetitive sequence-based
polymerase chain reaction. Methods Mol. Cell. Biol. 5, 25-40.

[18] De Urraza, P.J., Gomez-Zavaglia, A., Lozano, M.E., Romanowski
II, V. and De Antoni, G.L. (2000) DNA fingerprinting of thermo-
philic lactic acid bacteria using repetitive sequence-based polymerase
chain reaction. J. Dairy Res. 67, 381-392.

[19] Hyytid-Trees, E., Lyhs, U., Korkeala, H. and Bjorkroth, J. (1999)
Characterisation of ropy slime-producing Lactobacillus sakei using
repetitive element sequence-based PCR. Int. J. Food Microbiol. 50,
215-219.

[20] Sohier, D., Coulon, J. and Lonvaud-Funel, A. (1999) Molecular iden-
tification of Lactobacillus hilgardii and genetic relatedness with Lac-
tobacillus brevis. Int. J. Syst. Bacteriol. 49, 1075-1081.

[21] Gevers, D., Huys, G., Devlieghere, F., Uyttendaele, M., Debevere, J.
and Swings, J. (2000) Isolation and identification of tetracycline re-
sistant lactic acid bacteria from pre-packed sliced meat products.
Syst. Appl. Microbiol. 23, 279-284.

[22] Nick, G., Jussila, M., Hoste, B., Niemi, R.M., Kaijalainen, S., De
Lajudie, P., Gillis, M., De Bruijn, F.J. and Lindstrom, K. (1999)
Rhizobia isolated from root nodules of tropical leguminous trees
characterized using DNA-DNA dot-blot hybridisation and
rep-PCR genomic fingerprinting. Syst. Appl. Microbiol. 22, 287-
299.



