Lactobacillus Genotyping
by Fluorophore-
Enhanced Repetitive

PC
Ca

R (FERP) and
oillary Electrophoresis

Ania Szary

he use of probiotics has been increasingly investigated, especially in the area of gastroin-

testinal health. Probiotics are i ngested microorganisms that under favorable conditions

can prevent and treat specific diseases. Probiotics are also commonly referred to as

“healthy” or “good bacteria”” These bacteria have been found to aid in the protection against cer-

tain gastrointestinal infections and other common conditions such as vaginal infections and

antibiotic-induced diarrhea. There are several mechanisms that are responsible for the beneficial

effects of probiotics. For example, the presence of probiotics can cause the modulation and stim-

ulation of immune function, the production of anti-microbial
substances that inhibit or Kill the pathogenic bacteria, compe-
tition for nutrients, and inhibition of mucosal and epithelial
adherence. Therefore, the use of probiotics suggests an exciting
alternative and advancement in preventive and therapeutic
treatment of gastrointestinal diseases.*

Lactic acid bacteria, or Lactobacilli, are currently the best-
studied bacteria used for probiotics. The genus Lactobacillus
comprises greater than 30 recognized species. They are gram-
positive rod-shaped bacteria that commonly colonize the gas-

trointestinal tract. Additionally, they have never been related to
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disease and are commonly found in dairy-containing products. They present characteristics that

would enable them to be good candidates for probiotic therapy. However, only specific strains of

Lactobacillus may have probiotic effects. Strain identification is needed for comparative measures dur-

ing clinical trials of probiotic approaches and for gene therapy. Thus, it is imperative that a rapid,
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effective, and accurate method can be employed
to easily decipher strains of bacteria.

\arious approaches have been used to identi-
fy strains of Lactobacillus. Randomly amplified
polymorphic DNA (RAPD) analysis and pulsed-
field gel electrophoresis (PFGE) have been used
to distinguish Lactobacillus strains with limited
success.? Alternative genotyping and sequence-
based approaches are necessary to produce an
adequate technique for classification and strain
tracking.

\ersalovic proposed a high-resolution DNA
fingerprinting method using fluorophore-
enhanced repetitive element PCR (FERP) (see
genomic fingerprinting of bacteria using repeti-
tive sequence-based polymerase chain reaction
and Automated DNA fingerprinting of patho-
genic bacteria by fluorophore-enhanced repeti-
tive sequence-based polymerase chain reac-
tion).* In 1992, Lupski and Weinstock described
the random chromosomal distribution of dis-
persed repetitive sequences in numerous
prokaryotic genomes, which is similar to what is
seen in eukaryotic genomes. These sequences
differ in size, do not encode proteins, and are
located in various parts of the bacterial chromo-
some. Therefore, it was determined that the DNA
sequence arrangement in the bacterial genome
may consist of short repeats interspersed with
longer single-copy sequences. Based on this
information, a technique known as rep-PCR was
formed. Rep-PCR is a type of polymerase chain
reaction that targets the repetitive sequences in
bacterial genomes using specific primers that are
designed complementary to bacterial inter-
spersed repetitive sequences.! These primers
then enable the amplification of differently sized
DNA fragments consisting of unique DNA
sequences lying between these -elements.
Electrophoresis is then used to differentiate these
differently sized fractions according to their
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length on an ethidium bromide stained agarose
gel. This provides a complex band, or “finger-
print” pattern, which reflects varying distances
between oligonucleotide primer binding sites at
repetitive sequence targets and is sometimes
referred to as a unique “barcode.” These finger-
print patterns are unique to each bacterial strain,
depicting rep-PCR’s success in its ability to differ-
entiate various strains.*>* An example of finger-
prints generated from rep-PCR is shown in
Figure 1 using BOX A1R primers. These finger-
prints are complex, with approximately 10 to 20
bands for each strain. It is also easily seen that the
fingerprints for the same strain are similar, indi-
cating the usefulness of rep-PCR. Rep-PCR has
multiple applications in molecular epidemiolo-
gy: in human, animal, and plant diagnosis of
infectious pathogens, in quality assurance con-
trol for typing strains important for industrial
and diagnostic applications, in probiotics, and for
the study and monitoring of genetically engi-
neered microorganisms released into the envi-
ronment. Therefore, rep-PCR shows strong
potential not only as a simple generic taxonomic
tool but also as a diagnostic method.

However, traditional electrophoresis does not
provide optimal fingerprints to easily detect vari-
ations between strains. Therefore, a technique
utilizing fluorescence detection and capillary gel
electrophoresis, which allows for the exact deter-
mination of base pairs of a band and the concen-
trations of amplicons, was studied. Statistical
analysis to determine similarity between strains
can be used via computer-assisted methods.
Thus, one would have the ability to determine
similarity and clonal relationships, which would
enable the identification of tightly linked genetic
“clusters” that colonize multiple animals. One
could determine which strains are highly adapted
for persistent colonization of the mammalian gas-
trointestinal tract. Computer-assisted methods,
using DNA fingerprints obtained from either gel
electrophoresis or capillary gel electrophoresis,
can provide statistical analyses that determine
the similarity between strain-based on their
genotype. Therefore, a computer-assisted
method was used to determine the ability of rep-
PCR to accurately characterize bacterial strains.

Methodology

To obtain Lactobacillus organisms, natural
isolates of Lactobacillus were obtained from
stool, cecum, and colon biopsies from healthy
mice. To verify that these bacteria were
Lactobacillus, gram stain morphology, biochemi-
cal testing, and the resistance to vancomycin and
penicillin were used. Candidate organisms were
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stored in MRS media with 20 percent glycerol at
-70°C. They were then grown on blood agar
plates for DNA extraction until the bacteria cov-
ered the plate. Pure chromosomal DNA was then
extracted from the bacteria. The presence of pure
chromosomal DNA was assessed through
agarose gel electrophoresis, and DNA was quan-
titated using absorbance spectrophotometry.
After pure chromosomal DNA was isolated from
all strains, fluorescent rep-PCR (FERP) was con-
ducted. FERP is similar to rep-PCR, as described
above, but it involves primers labeled at the 5’ end
with a fluorescent dye, 6-FAM. The PCR prod-
ucts were then placed in a thermocycler under
certain conditions so that the fragments could
amplify. The PCR products were cleaned by
removing the unincorporated dNTPs and
primers. The PCR products were then fractionat-
ed using both gel electrophoresis and synthetic
acrylamide matrices in capillary gel electrophore-
sis (310 Genetic Analyzer PE Biosystems, Foster
City, CA). Genescan, the software used in the 310
Genetic Analyzer, allowed for the detection of the
fluorophore-tagged DNA fragments by laser
scanning. It then generated an electrophore-
togram based on the fluorescent tags, in which
peaks represent bands on an agarose gel and
every profile is unique to each bacterial strain.
Electrophoretograms for two different Lacto-
bacillus strains are seen in Figure 2. The exact
length of each of the fragments and their abun-
dance was analyzed utilizing Genescan.

Multiple electrophoretograms, or profiles,
were made for all strains. Additionally, profiles of
the same strain but from different PCR products
made on different days were analyzed to deter-
mine reproducibility. The profiles were com-
pared to the agarose gel electrophoresis to ensure
that the peaks correlated with the bands.

The resulting fingerprint profiles from FERP,
in the form of bands on an agarose gel or profiles
acquired from Genescan, were subject to quanti-
tative analysis of similarity coefficients using
GelCompar |1 software version 2.0 by Applied
Maths. This software is capable of quantitative
profile comparisons that determine percent sim-
ilarity between various strains of Lactobacillus.
GelCompar analysis results in a dendrogram,
which is a phylogenetic relationship. A dendro-
gram from an agarose gel is shown in Figure 3.
Similar groups are arranged together in the den-
drogram. Analysis in GelCompar was performed
utilizing manual band assignment, choosing
which band is a band and which band is just
background; UPGMA clustering, which deter-
mines the form of the dendrogram; and a curve-
based Pearson correlation coefficient with 0.5
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Figure 6: FERP Fingerprint Profile Analyses.

GelComparII-generated dendrograms were created using fingerprints from ethidium
bromide-stained agarose gels. Numerical values (horizontal axis) represent percent
similarity.

percent optimization, which determines the type
of statistical analysis. Analysis of peaks was per-
formed using the same parameters. However, it
was necessary to first convert the peaks from the
Genescan profile into bands and then manually
determine what is a band and what is back-
ground. A 1kb base ladder was taken as the refer-
ence for the agarose gel and a 2500 Tamara stan-
dard was taken as the reference for the Genescan
profile.

Sequencing has been considered the “gold
standard” for determining taxonomic classifica-
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Lactobacillus animalis ATCC 35846
Laciobacillus animalis ATCC 35846

ATCC 48445

Lactobacillue pl

Laciobacilkus ASF 361
Laciobacilkus murinus ATCC 35820

Laciobacillus ASF 360
Laciobacilbus salivarius ATCC 11741

Laciobacillug reuteri ATCC 53608
Lactobacillus reuteri ATCC S3688

Laciobacillus jokmsonii ATCC 33200
Lactobacillus planterum ATCC 14817

Figure 7: FERP Fingerprint Profile Analyses.

GelCompatII-generated dendrograms were created using fingerprints from Genescan®.
Strains here represent two separate Genescan runs, with separate rep-PCR reactions.
Numerical values (horizontal axis) represent percent similarity.
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tion and phylogenetic studies. Therefore, several
of the Lactobacillus strains were sequenced. Also,
GenBank’s 16S rDNA database provided some of
the reference sequences. Lactobacillus similarity
and percent identity charts were based on these
sequences and constructed with DNASTAR’
Lasergene 99 version 4.03. Then, the dendrograms
obtained from FERP analysis were compared to
those based on the sequence analysis of the vari-
ous Lactobacillus strains to determine whether
there was any correlation between the dendro-
grams, and thus to determine the effectiveness of
utilizing FERP as a classification technique.

Results
It was determined that profiles based on

Genescan analysis of fluorophore-enhanced rep-

PCR effectively distinguish various Lactobacillus

strain. For example, in Figures 2 and 4, five differ-

ent strains of Lactobacillus are depicted. Each

strain has a different profile with varying posi-

tions of peaks. The positions of peaks determine

the amount of base pairs a fragment has, and the

height of the peak determines the quan-

tity of that fragment. However, the

quantity of the fragment is based on the

amount of DNA, so one can only com-

pare the height of profiles with the same

amount of DNA. Also, if the peaks are

similar, then the strains are also similar.

This similarity can only be determined

through statistical analysis (i.e.,

GelCompar II). Furthermore, it was

determined that two fluorophore-

enhanced rep-PCRs performed on two o

different days yielded similar profiles, as

seen in Figure 5. Therefore, one can con-

clude that the results obtained are repro-

ducible. In addition, Genescan provides

an electrophoretogram of one strain in
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only 40 minutes. The rapid turnaround time and
high discriminatory power of Genescan support
the use of Genescan as an optimization tech-
nique for fluorophore-enhanced rep-PCR.

GelCompar Il analysis of FERP showed sig-
nificant similarities to sequence-based analysis.
Figure 6 illustrates GelCompar analysis of an
agarose gel, while Figure 7 shows GelCompar
analysis of Genescan electrophoretograms.
Figure 8 depicts a dendrogram based on
sequencing data. It was determined that statisti-
cal analyses based on rep-PCR profiles of
unknown murine (mouse) Lactobacilli, i.e.
Lactobacillus 1660, grouped most isolates as
either L. animalis/murinus/ASF 361 or L. reuteri.
Also, fluorophore-enhanced rep-PCR distin-
guished L. reuteri-like isolates, which were
grouped together by both rep-PCR and 16S
rDNA sequencing. Furthermore, supporting rep-
PCR-based identification, phylogenetic analysis
of 16S rDNA sequences also grouped most
murine Lactobacillus isolates into two groups,
either L. reuteri-like or L. animalis/murinus/ASF
361. Therefore, one can conclude that fluo-
rophore-enhanced rep-PCR can be used as a
classification technique for varying strains and is
useful for genotyping Lactobacillus.

Further studies should be performed on a
greater variety of Lactobacillus species to verify
the results of this experiment. Also, it must be
determined if FERP would be an appropriate
technique for genotyping other bacterial species.
If FERP proves to be an effective technique for
classification, a classification library for various
bacterial species could be created. Furthermore,
FERP could provide an alternative for the identi-
fication of bacterial species and strains, in which
species and strains could be quickly, easily, and
effectively identified for various purposes. &

Lactobatilius 1601
L reuteriJCM 1112
Latiabacius 1597-1
Lactovacillys 1599
Lachowarillus 16051
Laclobacilius 1680
Lactobacitus 1600-1
Lactobacillus 1606-2
ASF 360
Lazwbaciius ASF 360

Lactobacus 1596-2
Latlooacius ASF 369

L anmalis DSW 20602
L munnus DSM 20452

25
L saliv. Subsp salvanius ATCC 11741
L plantarum JCM 1149

Figure 8: 165 tDNA similarity dendrogram was generated using the Clustal
method with a
4.03). Two distinct clades were generated: I L, renteri-like isolates, and II. L,
animalis/murinus-like.
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