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

testinal health. Probiotics are ingested 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.1

Lactic acid bacteria, or Lactobac illi, are currently the best-

studied bacteria used for probiotics. The genus Lactobac illus

comprises greater than 30 recognized species. They are gram-

positive rod - shaped bacteria that commonly coloni ze the gas-

trointestinal tract. Additionally, they have never been related to

dis ease and are commonly found in dairy - containing product s. They pres ent characteristics that

would enable them to be good candid ates for probiotic therapy. However, only spec if ic strains of

Lactobac illus m ay have probiotic ef fect s.Strain identif ication is needed for comparative measures dur-

ing clinical tri als of probiotic approaches and for gene therapy. Thus, it is imperative that a rapid,
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ef fective, and accurate method can be employed
to easily dec ipher strains of bacteri a .

Various approaches have been us ed to identi-
fy strains of Lactobac illus. Randomly amplif ied
polymorphic DNA (RAPD) analysis and puls ed -
f ield gel electrophoresis (PFGE) have been us ed 
to distinguish Lactobac illus strains with limited
success.2 Alternative genotyping and sequence -
bas ed approaches are necess ary to produce an
adequ ate technique for classif ication and strain
tracking.

Vers alovic propos ed a high - resolution DNA
f ingerprinting method using fluorophore -
enhanced repetitive element PCR (FERP) (see
genomic fingerprinting of bacteria using repeti-
tive sequence - bas ed polymerase chain reaction
and Autom ated DNA fingerprinting of patho-
genic bacteria by fluorophore - enhanced repeti-
tive sequence - bas ed polymerase chain reac-
tion ) .3 In 1992, Lupski and Weinstock des c ribed
the random chromosom al distribution of dis-
pers ed repetitive sequences in numerous
prokaryotic genomes, which is similar to what is
s een in eukaryotic genomes. These sequences
dif fer in si ze, do not encode proteins, and are
located in various parts of the bacteri al chromo-
some. Therefore, it was determined that the DNA
s equence arrangement in the bacteri al genome
m ay consist of short repeats interspers ed with
longer single - copy sequences. Bas ed on this
inform ation , a technique known as rep-PCR was
formed. Rep-PCR is a type of polymerase chain
reaction that targets the repetitive sequences in
bacteri al genomes using spec if ic primers that are
designed complementary to bacteri al inter-
spers ed repetitive sequences.1 These primers
then enable the amplif ication of dif ferently si zed
DNA fragments consisting of unique DNA
s equences lying bet ween these element s.
Electrophoresis is then us ed to dif ferenti ate thes e
dif ferently si zed fractions according to their

length on an ethidium bromide stained agaros e
gel . This provides a complex band, or “f inger-
print” pat tern , which ref lects varying distances
bet ween oligonucleotide primer binding sites at
repetitive sequence targets and is sometimes
referred to as a unique “barcode.” These finger-
print pat terns are unique to each bacteri al strain ,
depicting rep - P C R’s success in its ability to dif fer-
enti ate various strains.3 , 4 An ex ample of f inger-
prints generated from rep-PCR is shown in
Figure 1 using BOX A1R primers. These finger-
prints are complex , with approx im ately 10 to 20
bands for each strain . It is also easily seen that the
f ingerprints for the same strain are similar, indi-
cating the us efulness of rep - P C R. Rep-PCR has
multiple applications in molecular epidemiolo-
gy: in hum an , anim al , and plant di agnosis of
infectious pathogens, in qu ality assurance con-
trol for typing strains important for industri al
and di agnostic applications, in probiotics,and for
the study and monitoring of genetically engi-
neered mic roorganisms releas ed into the envi-
ronment. Therefore, rep-PCR shows strong
potenti al not only as a simple generic ta xonomic
tool but also as a di agnostic method.

However, traditional electrophoresis does not
provide optim al fingerprints to easily detect vari-
ations bet ween strains. Therefore, a technique
utili z ing fluores cence detection and capillary gel
electrophoresis, which allows for the ex act deter-
mination of base pairs of a band and the concen-
trations of amplicons, was studied. Statistical
analysis to determine similarity bet ween strains
can be us ed via computer- assisted methods.
Thus, one would have the ability to determine
similarity and clonal relationships, which would
enable the identif ication of tightly linked genetic
“clusters” that coloni ze multiple anim als. One
could determine which strains are highly ad apted
for persistent coloni z ation of the mamm ali an gas-
trointestinal tract. Computer- assisted methods,
using DNA fingerprints obtained from either gel
electrophoresis or capillary gel electrophoresis,
can provide statistical analys es that determine
the similarity bet ween strain - bas ed on their
genotype. Therefore, a computer- assisted
method was us ed to determine the ability of rep -
PCR to accurately characteri ze bacteri al strains.

Methodology
To obtain Lactobac illus organisms, natural

isolates of Lactobac illus were obtained from
stool , cecum , and colon biopsies from healthy
mice. To verify that these bacteria were
Lactobac illus, gram stain morphology, biochemi-
cal testing, and the resistance to vancomyc in and
penic illin were us ed. Candid ate organisms were
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stored in MRS media with 20 percent glycerol at
- 7 0 ̊  C . They were then grown on blood agar
plates for DNA ex traction until the bacteria cov-
ered the plate. Pure chromosom al DNA was then
ex tracted from the bacteri a . The pres ence of pure
chromosom al DNA was ass ess ed through
agarose gel electrophoresis, and DNA was qu an-
titated using absorbance spectrophotometry.
After pure chromosom al DNA was isolated from
all strains, f luores cent rep-PCR (FERP) was con-
ducted. FERP is similar to rep - P C R, as des c ribed
above, but it involves primers labeled at the 5’ end
with a fluores cent dye, 6 - FA M . 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
ac rylamide matrices in capillary gel electrophore-
sis (310 Genetic Analy zer PE Biosystems, Foster
City, C A ) . Genes can , the soft ware us ed in the 310
Genetic Analy zer,allowed for the detection of the
f luorophore - tagged DNA fragments by las er
s canning. It then generated an electrophore-
togram bas ed on the fluores cent tags, in which
peaks repres ent bands on an agarose gel and
every prof ile is unique to each bacteri al strain .
Electrophoretograms for two dif ferent Lacto-
bac illus strains are seen in Figure 2. The ex act
length of each of the fragments and their abun-
d ance was analy zed utili z ing Genes can .

Multiple electrophoretograms, or prof iles,
were made for all strains.Additionally, prof iles of
the same strain but from dif ferent PCR product s
m ade on dif ferent days were analy zed to deter-
mine reproduc ibility. The prof iles were com-
pared to the agarose gel electrophoresis to ensure
that the peaks correlated with the bands.

The resulting fingerprint prof iles from FERP,
in the form of bands on an agarose gel or prof iles
acquired from Genes can , were subject to qu anti-
tative analysis of similarity coef f ic ients using
Gel Compar II soft ware version 2.0 by Applied
Maths. This soft ware is capable of qu antitative
prof ile comparisons that determine percent sim-
ilarity bet ween various strains of Lactobac illus.
Gel Compar 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 Gel Compar was performed
utili z ing manu al band assignment, choosing
which band is a band and which band is just
back ground ; UPGMA clustering, which deter-
mines the form of the dendrogram ; and a curve -
bas ed Pearson correlation coef f ic ient with 0.5

percent optimi z ation , which determines the type
of statistical analysis. Analysis of peaks was per-
formed using the same parameters. However, it
was necess ary to first convert the peaks from the
Genes can prof ile into bands and then manu ally
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 Tam ara stan-
d ard was taken as the reference for the Genes can
prof ile.

Sequenc ing has been considered the “gold
stand ard” for determining ta xonomic classif ica-
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tion and phylogenetic studies. Therefore, s everal
of the Lactobac illus strains were sequenced.Also,
Gen Bank’s 16S rDNA database provided some of
the reference sequences. Lactobac illus similarity
and percent identity charts were bas ed on thes e
s equences and constructed with DNASTA R’s
Las ergene 99 version 4.03.Then , the dendrograms
obtained from FERP analysis were compared to
those bas ed on the sequence analysis of the vari-
ous Lactobac illus strains to determine whether
there was any correlation bet ween the dendro-
grams, and thus to determine the ef fectiveness of
utili z ing FERP as a classif ication technique.

Results
It was determined that prof iles bas ed on

Genes can analysis of f luorophore - enhanced rep -
PCR ef fectively distinguish various Lactobac illus
strain .For ex ample, in Figures 2 and 4, f ive dif fer-
ent strains of Lactobac illus are depicted. Each
strain has a dif ferent prof ile with varying posi-
tions of peak s. The positions of peaks determine
the amount of base pairs a fragment has, and the
height of the peak determines the qu an-
tity of that fragment. However, the
qu antity of the fragment is bas ed on the
amount of DNA , so one can only com-
pare the height of prof iles 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. ,
Gel Compar II). Furthermore, it was
determined that two fluorophore -
enhanced rep-PCRs performed on two
dif ferent days yielded similar prof iles, as
s een in Figure 5.Therefore,one can con-
clude that the results obtained are repro-
duc ible. In addition , Genes can provides
an electrophoretogram of one strain in

only 40 minutes. The rapid turnaround time and
high dis c riminatory power of Genes can support
the use of Genes can as an optimi z ation tech-
nique for fluorophore - enhanced rep - P C R.

Gel Compar II analysis of FERP showed sig-
nif icant similarities to sequence - bas ed analysis.
Figure 6 illustrates Gel Compar analysis of an
agarose gel , while Figure 7 shows Gel Compar
analysis of Genes can electrophoretograms.
Figure 8 depicts a dendrogram bas ed on
s equenc ing data . It was determined that statisti-
cal analys es bas ed on rep-PCR prof iles of
unknown murine (mouse) Lactobac illi, i . e.
Lactobac illus 1 6 6 0 , grouped most isolates as
either L . anim alis / murinus/ ASF 361 or L . reuteri.
Also, f luorophore - enhanced rep-PCR distin-
guished L. reuteri - li ke isolates, which were
grouped together by both rep-PCR and 16S
r DNA sequenc ing.Furthermore,supporting rep -
P C R- bas ed identif ication , phylogenetic analysis
of 16S rDNA sequences also grouped most
murine Lactobac illus isolates into two groups,
either L . reuteri- li ke or L . anim alis / murinus/ ASF
3 6 1 . Therefore, one can conclude that fluo-
rophore - enhanced rep-PCR can be us ed as a
classif ication technique for varying strains and is
us eful for genotyping Lactobac illus.

Further studies should be performed on a
greater variety of Lactobac illus spec ies to verify
the results of this ex periment. Also, it must be
determined if FERP would be an appropri ate
technique for genotyping other bacteri al spec ies.
If FERP proves to be an ef fective technique for
classif ication , a classif ication library for various
bacteri al spec ies could be created. Furthermore,
FERP could provide an alternative for the identi-
f ication of bacteri al spec ies and strains, in which
spec ies and strains could be quickly, easily, and
ef fectively identif ied for various purpos es.
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