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Denaturing gradient gel electrophoresis (DGGE} of DNA fragments obtained by PCR amplification of the
V2.¥3 region of the 168 rRNA gene was used to detect the presence of Lactebacitlies species in the stomach
contents of mice. Lactobaciflus isolates culturcd from human and poercine gastrointestinal samples were
identified Lo the species level by using a combination of DGGE and specics-specific PCR primers that targeted
165-235 rRNA intergenic spacer region or 165 rRNA gene sequences. The identifications obitained by this
approach were confirmed by seguencing the ¥2-¥3 region of the 163 rRNA gene and by a BLAST search of the

GenBank database.

The gastrointestinal tracts of animals, including humans,
harbor complex microbial communitics comprised of possibly
hundreds of bacterial species (13). Members of the genus Loe-
fobectilus are commonly present as members of these commu-
nitics and have reccived cansiderabie attention with respect to
their putative health-conferring properties (as probiotics (6]).

Analysis of gastrointestinal communitics has relied tradi-
tionally on bacteriological culture methods and microscopy.
There is doubtless a bias present in the results of these studies,
however, because not all of the members of the communitics
can be cultured (11). The results of monitoring the composi-
tion of gastreintestinal communities may be more reliable if
molecuiar methods were used in addition to traditional ap-
proaches (3. 16). Microbiological investigations of the compo-
sitions of terrestrial and aquatic microbial communities have
shown the versatility of denaturing grudient gel electrophoresis
{DGGE) combined with PCR as a molecular analyticul
method {4, 10} In this technigue, DNA s extracted from cells
of all of the species represented in the habitat of interest. and
a hypervariable sequence region of the 168 TRNA mane is
amplified by PCR. The mixture of 168 fragments is subjected
to DGGE in order to separate the fragments and thus ohtain
a profile of the community, This profile is generated because of
differcnces in the chemical stability, and hence the distance
e 1he gradient where denaturation cceurs and migraton
ceascs, of the 168 fragments that have different nucleotide base
compositions (10}, We huave for many vears maintajned a
mouse colony devuid of lactobacilli as gastrointestinal inqab-
itants {14). They provided a suitable system with which o test
the efficacy of PCR-DGGY, as an analvtical method in studies
of the gastrointestinal microflora.

Even when they can be cultured reliably, gastrointestinal
species of bacteria can ke difficult to identily. The identifica-
tion of Lactobacilfus isolates by phenotypic methods is difficult
because it requires. in several cases, determination of bacterial
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properties beyond that of the common fermentation tests {for
cxampie, cell wall analysis and electrophoretic mobilities of
factate dehydrogenase {8]). In general, about 17 phenotypic
tests are required to identify a Laciobacillus isolate accurately
to the species level (7). The logistics. regardless of the doubtful
accuracy of phenotypic identification methods, are daunting
when large-scale investigations of the intestinal microtiora are
pursued. We reasoned that, since modern bacterial classifica-
tion is greatly influenced by knowledge of 165 rRNA gene
sequences, PCR-DGGE could provide a more practical ap-
proach to the identification of lactobacilli.

We demonstrate here that addition of Lactobacillus species
to the stomach microflora of mice could be detected by PCR-
DGGE anaiysis. Further, we demonstrate that Lactobacillis
isulates cultwred from gastrointestinal samples obtained from
humans and pigs could be identified. or at least grouped, by
PCR-DGGE. The specics identities of the isolates were then
further investigated with species-specific PCR primers that tar-
geted 163-235 intcrgenic spacer region or 168 rRNA gene
sequences. These identifications were subscquently confirmed
by obtaining 165 rRNA gence sequences that were compared to
those in GenBank.

MATERIALS AND METHODS

Bacterial cultares. The lactobacilli used in this study are listed in Table 1. The
bacteria were cultured with Lactobacilli MRS medium (Diteo Laboratories,
Detreil, Aheh,) neubated ander anacrobic conditions at 37°C. Thinty-six of the
strains used in this study were ooidentificd isolates (“unknowns™) orginating in
gasirointestinal sempley (Tahie 1).

Mouse experiments. Loctohaalivs-fre mice were maintained in isolators by
gnutolamtie wehnolegy, The animals harbored a sucrobial community in their
gastraintestinal trracts coguedlent to that of conventional mice except that Jacio.
baeitis were wbsent (143, To tese the ability of PCR-DGGE to detect chanpges in
the microbial community of the murine stonieh, we maintained a group of five
luctobacillus-lree mice in an iselator. At day 0, we removed one of the mice
frowse 1) wsa contenl Then we inoculated the remminder of the animals, by
melt, Wit Jinne of strain 100-23. Four davs later, we removed one of the
Mive [Ewrdse 1) and inocaialed the remainder with Lactobacitius sp.steain 100-5.
Ther 4 davs tater, we (emoved another mowse (mouse 3) and inoculated the
TenLnining s il rdaciffies sp. strain 21 Another mouse {(mouse ) was
remewed at day 2 remaining animal (mouse 5) was inocoluled with
strcin 200 and exsm s Luter. Upon remaoval From the isolator, the mice
were killed by carbaoi dioxde anesthesia and cervieal dislocation, the stomach
wils remwnves) toms cach rouse, and the stomach contents were retained amd
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TABLLE 2 Specics-specibic primers

PCTR

arneabing MaCl,
Primer Specivs Primers Target Seuenes [5-37) ' m;m. - unen
s °CY vy
1 L. acidopiing Act LosT 168 wene AGCTGAACCAACAGATTUAC 2 [
LOSTI ACTACCAGGGTATCTAATCC
2 L. erisptig Cri 1651 L6S zene GTAATGACGTTAGGAAAGCG ol L5
168H ACTACCAGOGTATCTAATCC
K L. gavert (sl 168-238 spacer GAGTGCGAGAGUACTAAAG 35 15
Gasll CTATTTCAAGTTGAGTTTCTCT
4 L. folonti Joh 1681 165 gene GAGCTTGCCTAGATGATTTTA 57 L3
16511 ACTACCAGUGTATCTAATCC
3 L. planraran Lipr L065-238 spacer GOCGCUTAACGTGGOACAGAT 33 20
Planll TTACCTAACGOTAAATGUGA
f L. cused . Prl 168-238 spacer CAGACTGAAAGTCTGACGG 35 LI
Canll GCOATGCGAATITCTTITTC
? L. zeae Zead 165-238 spacer TOTITAGTTTTGAGGGGACG 38 20
Zeull ATGCGATGCGAATITCTAAATT
5 L. rhantrtosus Pri 168-235 spucer CAGACTGAAAGCTCTGACGG 58 20
Rhall GUGATGCGAATTTCTATTATT
Y L. rewter! Ltpr 165-238 spacer GCCOCUTAAGOTOGGACAGAT 55 2.0
Reu AACACTCAAGGATTOTCTOA
il L. fermention Lfpr 165-23% spacer GCCGCCTAAGGTGGGATAGAT 55 30
Fermil CTGATCGTAGATCAGTCAAG
11 L. sharpeae Shal 165-238 spacer GATAATCATGTAAGAAALCGC 58 1.5
Shall ATATTGTTGGTCGCGATTCG

stored at —20°C. To extract bacterial DNAL the stomach contents were homog-
eaized in 1 miof TN130 butfer (10 mM Tos-HOL i3 mM NaCl [pH 3] and
centrifuged at 14,600 ¥ g for 5 min (3°C). DNA was extracted from the resulting
pellet with a FastDNA kit {Bio 101, Vst Cality by using CLS-TO qeel] lysis
solution for animal tssues and bacwerin) and a 1i3-in. sphere 1)]11\ garnet matrix
{see the kit duta sheet) according to the manufacturet’s mstructions.

Extraction of DNA fromn Lectbacifies cullures. Groowth from pure cultures on
Lactobucilli MRS agar plates was ased to prapare o heavy suspension of ¢edls in
i ml of stenle deionized watet. Vhe suspenanns were centrifured at 14600 - p
{3 man. 5°C) and washed with 1 mi of TN120 bulfer. The petlets were resus-
pended in Umbof TNTA butier and transferred 1 sterile tubes cantaining 0.3 g
b sterile zireomium beads (diameter. 0.1 mm). The tubes were placed in a
mini-bead beater {Biospre Products, Bartlesvile, Okla.), skaken at SO0 rpan for
2 miz. and then stored on ive. Five hucdred micreliters of this crude DNA
sulution was extracted sequentially with U0 wl ot TE (T0mM Tris, 1 mM B TA
[pH ®.5])-saturated phenal and with chloroform-isoamy! alcohol (24:1% The
DN A was precipitated oserright by the sddition ot 2 valumes of cold etlznal and
a il volume of 3 M sudium acetate ar - 20°C. The preparations were centrifuged
at 14600 % g (20 min, =370 and the pedlets were dried wt 37°C. The pellets were
then dissolved i 3000wt of TE buffer (pH 535 and 23 3 of DNase-free RiNase
{7 mgimly was added. After ineultiun w370 for l h, the phenol-chlorafurm
extraction, precipitation, wnd dryving sieps were repeated, and the DN was
thssolved i 20wl of TE bufer (pi{ 7.5% The amount of (NA per micooliter wus
measured by spectrophatomelry.

Amplification of the DN.A target sequence for DGGLE The V2. V3 rerion ol the
165 ribosomal DNA (rDNAY sene (nosinen 339 10 339 i the Bwliosichiu colt
gene) of bacteria in the stomach contents or from pure culiures ol Lsctobueilli
wis arnplifed with primers HDAE-0o07 T0GU CUG GGG CLLGOC CCG GG
GGG GUG GGG GCA Ctl GGG GAC TCU TAL GGG AGS CAG CAGL T3
the GC clamp s in baldfoce) il HIAZ{E-GTA TEA CCG CGG OTG VMG
GOA O3 The HDA primers woees or ally desctthed by Turne: and col-
feagaes {8, L Tumer, G D Rewds, T30 Sed, 0008 Haker, aml Ao G Rodrig,
New Zeadand Mictobicod. Socs Asa, Meet, paster paper, 1995) PCIU was ooy
formed @ 0.2-ml wbes in o PCR Espress thermad cecler (Hybiad, Teddinging,
United Kingdom), For the amplification of the trpet sequenes frem DNA
eatricted frwm prre cultures, the remction misguye {30 pll ennsisted of reaction
butler (fnal concenrations, 10 md Tris-HCL 2.5 mM MpCls, and 39 mM RC)

{pH %3]} a 200 pM voncentrution of gach deoxynucteoside triphosphate, 20
pmod of each primer, 500 ng of bacterial DNA, and 2.5 U of Tag DNA poly-
merase | Bochringer Mannheim, Mannheim. Germany). The amplification pro-
gram was 99°C for 4 min; 30 cyeles of 34°C for 30 5, 36°C for 30 5. and 68°C for
7 5 and finally 68°C fur 7 min, PCR amplitications {rom LNA extracted from
the stemach contents were carvied out with the Expand high-fidelity PCR system
{Bochringer Mannheim) or Tag pulymerase as Jeseribed abuve, but the reaction
wistare (el contined 1l of £NA solution, The amplification progrim wus
G3°C for 2 min and 30 cyeles ol 83°C tor 30 s, 37°C fue 305, and 72°C for 305,
totlowed By 2 min at 72,

Lactobaciling identification ladder. An identification ladder containing 165
W2V 3 region sequences of 19 fuctobacillus reference strains was prepared. The
seguences were obtuined by PCR fram individual pure cultures of the referenee
strains, The PCR products were then mixed to obtain the identification ladder.
It was possihle to generate further supplies of the ladder by PCR with the V1-V3
primers and 1wl of mixture as the emplate, in the presence of 2.5 mb MgCl,

DGGE. DAGE was performed with 2 DCode woiversal mutation detection
system {Bio-Kad, Hereules, Calif) utilizing 16-cm by S6-cm by 1-mm gels. Eight
pereent palvacrylamide wels were prepared and run with 1% TAE buffer diluted
fram 30x TAE buffer (2 M Tris buse, 1 M glacial acetic acid, and 50 mM
EIYTAL The dematuring pradient wis formed with two 8% acrylamide (acryl-
aride-bis, 37.5:17 stock solutions (Blo-Rady., The gels contmmed a 3 to 3
aradient of wrea and formamide increasmg in the direction of electrophoresis. A
B denaturing solution contained 0% (volvol) formamide and 7.0 M urea.
The electrophoresis wis conducied with o constant vollage of 130 ¥ at 6iFC for
ahout b 34 min, The tun was <t pped when a xylene cyanol dye marker reached
the buttom ol the gel. Gebs wore stainzd with eibidium bramide solution (5
wa'mi; 2 ming, washed with dowonized water, and viewed by UV tripsillumina-
ren

Species-spevific p:imus The
were hased on the 165 riANA

11 species-specific primer pairs that we derived
rthe 168-235 rRNA intergeniv spaver region
(Table 23 A reaction mixture (23 wi) consisted of reaction buffer {10 mM
Tris-HCT ffinal conceentistion), o varisble MgCly concentration {Tabke 2], and 50
i R [pH 83, a0 2un ;1\.1 concentration of each deoxynucleoside triphos-
phate, 10 pmal of each primer. 530 ng of bacterial DNA (exteacted from pure
cultures as deseriteed o V75 L0 af Tay DNA pn]ymense [ Bowhringer
Manabeim} The ampiizication program was Y2°C for 2 min, followed Ty 30 cyeles
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FIG. 1. Detection of Lactobacilfus strains in stomach contents of mice. Lane
L. Lactobaviifus Wdentification ladder {(from top to bottom. L. plantarum, 1.
johnsaniil. gussert, Lo formerttun, £ aetlis, L sturpeae L, brevis, Lo acidopiifusg
E.enspuatus:L. hetveticus, Lo delbmeckii subsp. bufgaricns, . selivarins, L. nonmis,
L. orenteri, Loocaset group, Loovitalinns). The 165 V2.3 rDNA fragment of L.
fermengem ATCC 149317 35 fragment a0 that of L. retreri DSM 200187 is frag-
ment b, Lanes 2t 0, 165 V2233 tDNA profiles from stomach contents from
mouse 1 {lactobocilli absent) {lane 2); mouse 2, inoculated with strain 100-23
{lane 3% mouse 3, inoculated with serains 100-23 angd 1H)-5 {lane 4); mouse 4.
ineculated with strains 100-23, 100-5, and 21 (lane 3); and mouse 5, inoeulawed
with strains 123, 100-3, 21 and 20 ¢lane 6). Lane 7, Lactobaciti Wemification
tadder. Lames 8 to 1L, 165 W2-v3 rixNA frogmenis (Toto page solvates of sieains
100-23, 100-5, 24, and 20, respectively. Lane 12, Lactofueilliy identificarion lodder,

of 95°C for 305, 30 s at the appropriate anncaling temperature {Table 2). and
IC for 3s. A cyele of 72°C for § min concluded the program. Amplification
products were detected by ngarase gel electrophoresis (5 wl of PCR mixturs, 24
agarose gel), ethidium bromide staining. and UV transiltumination.

Amgplification and sequencing of the 165 ¥2-%3 region. T contirm the iden-
tification of the gastramtestinal factobac:li examined by asing DGOGL and spe-
cies-specific primers. we amplilicd and sequenced {one poiviuclestide strand
anly) the V2-%3 regian of the 145 tRNA gene of cach isalate and conduvted &
search of seguences deposited in the GenBank DNA database by wsing the
BLAST algorithm (1). The identitic o the isolates were deterntined on the basis
of highest score. Amplificalion of the V2-¥3 repion was accomplished with
primers HDAD {lacking the GC ctimp) and HDA2 and the same thermal cveler
program ax deseribed above for DGGE. Sequencing was earricd out by the
Centre fur Geoe Resenteh, Vniversity of Otazo. by the dideoxy micthod of
Sanger et sl (312} by using the PRISM BigDye Terminator Cvele Sequencing
Reudy Reaction kit [Applied Biosystens Ioc., Foster Cike, Caifl) in combination
with un Applicd Biosystems modael 377A aurcimaled seyquencing systent. Analysis
af puclentide sequence dutiv wis carried ont by using the SeqBEd program, version
1.0.3 tApplicd Biosystems Inc.).

RESULTS

DGGE detection of Lactobacifius populativns in mouse
stomach contents. Comparison of the 168 V2-V3 rDNA pro-
files obtaincd from murine stomach contents showed that this
method could detect changey in the microbial community. in
this case the intentional addition of lactobacilli {Fig. 1). Mul-
tiple DNA fragments were present in rhe profiles, even from
the stomach contents of mouse b iVie 3. fane 25 Yhose frag-
ments probably represent either feenl bucterin present in the
stomach contents of these coprophagous animals or bacterial

IRDENTIFICATION OF LACTOBACHLT BY DGGE AND PCR PRIMERS A1

12 3 4 5 6

78 9 10 11 12 13 1415 16 17 I8

FIG. 2. DGOGE of 168 ¥2-V3 rDNA sequences from Lactobacilfus reference
steains with an 8% polyacrylamide 30 to 507 denaturing eradient gel. Lunes: 1,
L. plamarum ATCC 19T 20 johnsonid ATCC 332007 3, L, passeri ATCC
333237 4 L fermenrum ATCC 14931703, £ agilis DSM 205097, . L. sharpeae
DISM 20505 7, L. frevis ATCC 86T 8. L. acidophilus ATCC S356'04, L
ielveticus ATCT 130097 10, L. delbruecksi subsp. bulgarious ATCC 1184270 11,
L. saffvarts subsp, salivarus ATCC 117317 12 L. safnarins subsp. salfcimms
ATCC 117417 13, L. senings ATCC 277805 14, L. revieeri DSM 200167 15, L.
caseiid., seae ATCL 393716, L rhammasns ATCC 8330 17,1 cased ATCC 3684,
18. L. virelinus ATCU 27783% The DNA fragment from L. crspanis ATCC
338207 (not run in this gelp migrated the same distance s those of L. acidophifus
and L. hebvetions, The L puracased subsp. paracasei ATCC 23302 fragment {not
run in this gel) migrated the same distance as the fragments of L. cosel, L.
Ahrartinnsus, and L.ocaselif zeae.

species not detected previously by culture methods in the stom-
achs of mice. Inoculation of the mice with Lactebacifus strains
100-23 and 20 led to the appearance of a new 16S fragment in
the profiles of samples from mice 2, 3, 4, and 5 (fragment b in
Fig. 1, lanes 3, 4, 5, and 6). This fragment migrates to the same
position as the 165 V2-V3 frapment obtained from purc cul-
tures of strains 100-23 and 20 (lanes 8 and 11). [t also coincides
with the 165 fragment generated from Lectobaciflus reureri
DSM 20016" {fragment b in Fig. |, lanes L, 7, and 12). Simi-
larly, incculation of the mice with Lactobaciflus strains 100-3
and 21 resulted in their detection in the stomach contents of
animals & and 3 (fragment 2 in Fig. 1, lones 3 and &), A fuim
band at this location was also present in the preparation from
mouse 3, but it is not visible in Fig. 1 (lane 4), The 168
fragments of these strains {fragment a in Fig. 1, lanes 9 and 1{)
coincide with that of Lactobacillus fermentum ATCC 149317
{fragment u in Fig. 1, lancs {, 7, and 12).

Identification ladder for lactobacilli. It was possible to at
least group the Luctobaciffus reference strains according to the
migration of their 168 V2-V3 regions in a denaturing gradicnt
sel (Mg, 2y, Thus, the fragments from Lactobactilus folnsonii
and facrobuaciliny gasseri migrated the same distanee in the gel
(Fig. 2, tunes 2 and 3). DNA fragments from Laciobuciliuy
acidopitiiis, {Laciobacillus helveticus, and Loctobaeilfus crispa-
s (not shown in Fig. 2) had similar migration distances (Fig.
Thanes B und By, as did those of Lactobacillte salivarins subsp.
safivaris and Loaciobacillus saffvarius subsp. salieinius (Fig, 2,

Lanes i1 and {21, The fragments from Lactobacifius cased, Lae-
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FIG. 3. DGGE of 105 V2-V 3 rDNA sequences from gastroimtestinal isolates
of Lecwobacitiug waith an 370 pulvacrylamide 30 o S denaturing gradient gel.
Lage | Ladder of sequences from reference sienins G Lo plandarmn by L
joduesonti: L. gassets oo b fermennens Ao L agrfivs e, Lo sharpeaciL. dreviss L 1.
acteaphifiosf . cripeanils helveticws, po Lo deiftecki subsp bradgaricns: b L
seffvarins: i, Looaenindss § L, renterts K Lo cased proup); lune 20 GTTTE Line 3,
CITHI lane 4, GTHES: lane 3, G300, ane o, GTER Lene 70 GIVHS, lune 8,
NCORSMH: Tane Y, GTISE lane 1), L3,

tobaciflus casei!f.. zeae, and Lacrobaciflus rhamnosus (Fig. 2,
lantes 15, 16, and 17} and L. paracasel {not shown in Fig. 2)
migrated the same distance in the gel. Fragments from Lac-
tobacillus brevis and Lactobacillus sharpeae had aimost iden-
tical migration properties (Fig. 2, lanes & and 7). DNA
fragments from the remaining seven reference strains that
we tested could be distinguished individually by DGGE (Fig.
.

Identification of unknowns by DGGE. Migration distances
of 1658 V2-V3 fragments obtained from unidentified isolates of
lactebacilli were compared to those of reference strains in the
identification lzdder. Such comparisons enabled the unknowns
to at teast be placed in o Lactobuciitus group. if not identified

ALPL, ENVIRON, MICROMOL,

o the species level (examples are showt in Fig. 30 results are
in Table 1),

Tdentification of unknowns by species-specific primers. Our
stralegy was (o [irst group or identify cach isolate by DGGE
and then specifically identily (or confirm) the species 1o which
ihe jsolate belonged by using species-specific primers. This
s1eant that each isolate nceded to be tested with only 2 fow
~rimer pairs and that extensive testing of the primers across all
known Lactobuctituy species was unnceessary (Table 3). Thus.
isulates grouped as L. acidophilus, L. erispatus, ot L. helveticus
by DGGE were tested with primer pairs 1 and 2. L. gasserf and
L. johnsonii isolates were tested with primer pairs 3 and 4.
Isolates classified as belonging to the L. caser group were
tested with priner pairs 6. 7, and §. Isolates identitied as L.
rewteri or L. fermennun were tosted with primer pairs 9 and 10,
L. brevis and f.. sharpeac isolates were tested with primer 11
The results obtained by using these primer pairs with reference
strains are shown in Table 3. and identification results for
unknowns are given in Tablc 1.

Comparison of ¥2-V3 sequences with those of lactobacilli in
the GenBank database. Identifications obtained by a BLAST
seacch of the GenBank database with ¥V2-V3 region scquences
correlated with those derived by DGGE and species-specitic
PCR primers {Table 1). Thus, for cach iselate, the group or
specics identification achieved by DGGE or species-specific
PCR primers was confirmed by analysis of the V2-V3 se-
quence. The species-specific primers, however, gave definitive
identifications of isolates belonging to L. rhamnosus or L.
casel, whereas V2-V3 sequences did not differentiate between
these species but indicated the group (L. casei/L. paracaseiif..
ramnasusiL. zeae) to which they belonged.

DISCUSSION

PCR-DDGGE clearly has potential in the analysis of gastro-
intestinal communities. Using the defined system consisting of
our unique lactobacillus-free mice, we were able to detect the
addition of Lactobacillus species to the gastric microflora of
the animals. The sensitivity of the method was limited to de-
tection of different Lacrobacillis species, rather than strains, as
expected of a method based on 168 rRNA gene scquences. It
will be interesting to apply this method to more complex com-
munities, such as those inhabiting large-bowel ecosystems.

PCR-DGGE aiso proved a practical addition o available

TARBLE 3. Specificity of primer pairs

PCR product oltained with primer pair®

Species

4 3 f 7 B El it 11

. acidophitns ATCC 4356
. crispains ATCC 338207 - -

. gasserf ATCC 333237 - .
. ohnsonii ATCC 33200 - - -
. plantarnum ATCC 149577 - - -
- oaser ATCC 334

. casel ATCC 634

. paracasel suhsp, paracesel ATCC 23302

L. rhamaosis ATCU 85334}

L dmmosis DSM2002EY

L. caseifl. zeae ATCC 3937

L. zee DSM 200747

L brevis ATCC 148607

L. sharpeae DSM 203057

L. fermenmm AVCC 14937

L. reuteri DSM 200007

el el anlll nall el e B

I+ o+ +
'
Vol

|
+
|

*see Table 2 for primer duetails,
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identilication methods for lactobacilli of gastrointestinal ori-
gin. Muitiple Tragments of different sizes were sometimes
present in PCR products from pure cultures (see Fig. 1, lanes
#and L, for examples). There was, however, always one major
(rugment (most dense in the DGGE sel) which indicated the
identity of the sodate. The minor (less dense fragments} were
probably PCR artifacts resulting from the highly foided (loops
and stemsy nature of the V2-V3 region (Turier et al., New
Zemland Microbiol. Soc. Ann. Mect.). Lactobacillas rominis, L.
reatterd, L fermenttin, Lactobacitlus vinitinus. and Lacrobacilfis
agilis could e identified directly on the basis of the migration
of their V2-V3 sequences, DNA {ragments from Lactobacitiug
plantanan and Lactobaciflus defhrueckii subsp. pulgaricns had
characteristic migration behaviors. but we have not tested rep-
resentative strains of all of the members of the L. plantarum
and L. defthrueckii taxa.

DGGE results provided a uscful initial screen for the re-
maining gastrotntestinal species because it narrowed the pos-
sible identitics of the isolates. These grouped solates could
then be identified by application of the species-specific PCR
primers. This meadt that an isolate needed to be tested only
with two or throe primer pairs W obtain 4 specilic identifica-
tion. We do not yet have species-specific primers for all of the
gostrointestinal specics of lactobactili, but this would be a de-
sirable goal for future research.

The species-specific PCR primers based on the 16S-23S
rRNA intergenic spacer regions were particularly valuabie in
the identification of the L. casef group isolates. They permitied
discrimination to be made between L. casei/L. paracased, L.
rhamnosus, aod L. zeae. These species cannot be differentiated
by DGGE or BLAST comparisons of V2-V3 sequences. The
informatien that we have obtained using these species-specific
primers may be helpful in unraveling the somewhat confused
situation regarding the taxonomy of the L. casei group. Della-
glic and colleagues (2), vn the basis of DNA-DNA homology
studies, requested in 19971 that strain ATCC 334 roplace ATCC
393 as the neotype strain of Lactobacillus casei subsp. casei.
They rejected the species name L. paracasei. In 1996, Dicks ct
al. {3} proposed that strain ATCC 393 be reclassified as L.
zeae. Subsequently, Mori and colleagues (%) proposed that the
L. casei group be reclassified to include three speeies: L. zeqe
containing straing ATCC 158207 (DSM 20178) and ATCC 343,
a species containing L. paracasei and ATCC 334, and L. #i-
amnesics. Our PCR primer pair 7, based on the 165-238 spacer
region sequences of ATCC 393 (which we have considered on
the basis of the work of Dicks eral. (3] ta be L. zewe), produced
a PCR product with DNA from both ATCC 393 and ATCC
15820 (DSM 20178), but not with DNA from ATCC 334, L.
paracasel ATCC 253302, ar L. rhamnosus strains. PCR primer
patr b, bascd oo the nterpenic spacer Teaion of ATCC 334,
produced products only trom L. cased and L. paracasef cultures,
Primer pair 8, bascd on the intergenic spacer region of L.
rhamnosus (13), produced PCR products only from L. rham-
nosus cultures. The application of our primers to a collection of
strains belonging o L. caser may therefore assist in fulure
taxonomic considerations of this group. Additionally, it may be
pussible to differentiate between the members of this group by
DGGE if primers that targeted another region of the 168
TRNA gene are uscd. A potentially usetul region is located
between nucleotides 73 and P11 (L. casef numiering), where
variation in sequences has been observed among Lthe membery
of the L. casei group (9).

ldentifications obtained by 2 BLAST search of the GenBank
database with V2-V3 resion sequences corrclated with those
obpined by POGE and species-specific PCR prinmers. We are

TRDENTIFICATION OF LTACTOBACILLD BY DGGE AND PCR PRIMERS 303

thercelore confident that the approaches to the detection and
identilication of Lactobaciflies species that we ave deseribed in
this report will contribute o future studics of the composition
ol the intestinal microllora and to a better understanding of
Lactobacillus taxonomy.,
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