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The S-layer-encoding genes of 21 Lactobacillus helveticus strains were characterized. Phylogenetic analysis
based on the identified S-layer genes revealed two main clusters, one which includes a sequence similar to that
of the sipH1 gene of L. helveticus CNRZ 892 and a second cluster which includes genes similar to that of preY.
These results were further confirmed by Southern blot hybridization. This study demonstrates S-layer gene

variability in the species L. helveticus.

Lactobacillus helveticus is a homofermentative thermophilic
lactic acid microorganism widely used in the manufacture of
Italian cheese (15, 20, 21). Large differences in the metabolic
activity and technological performance of L. helveticus have
often been reported (8, 10, 22). The presence of different L.
helveticus biotypes was shown in dairy starter cultures through
a variety of genotypic and phenotypic methods (13, 16, 17, 19,
23). It has often been suggested that the selection and preva-
lence of dominant L. helveticus subpopulations could be linked
to their environmental origin and affect the different techno-
logical conditions of milk processing (12, 14, 18). Surface pro-
tein patterns allowed us to distinguish at least six L. helveticus
strains, which were, to some extent, specific to the source of
isolation (11-13).

S-layers are two-dimensional crystalline arrays formed by
proteinaceous subunits that cover the outer surfaces of many
unicellular organisms (3) and represent 10 to 20% of the total
cell protein content (6, 20, 27). Thus far the function of Lac-
tobacillus S-layer proteins is largely unknown. However, in
Lactobacillus crispatus the S-layer protein is involved in adhe-
sion to collagen (29). Numerous genes encoding S-layer proteins
having quite different taxonomic positions have been cloned and
sequenced from different organisms (26). Conversely, the amino
acid sequences of only a few Lactobacillus S-layer proteins are
available (4-7, 26, 29). While two S-protein-encoding genes
have been observed (5) in the genomes of a few Lactobacillus
species (e.g., L. acidophilus), to date there is still no evidence
of S-layer gene variability in the species L. helveticus.

The aim of this work is to investigate the variability of the
S-layer gene from different L. helveticus biotypes.

Primer design and PCR amplification. Different pairs of
primers were designed to amplify the S-layer gene from 21
L. helveticus strains used in this study. Six strains (Lh4, LhS5,
Lh12, Lh23, Lh28, and FBTY9) were isolated from Grana
Padano natural whey starters; six strains (SF2, SiS14, SiM3,
SiM7, SiO7, and SiS18) were isolated from Parmigiano Reg-
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giano natural whey starters; seven strains (CBT17, DBT16,
ABTS, Lh52, Lh59, Lh64, and Lh70) were isolated from Pro-
volone natural whey starters; and two strains (IBTS5 and
V2BT10) were isolated from semihard Italian cheeses. L. hel-
veticus CNRZ 892 was included as the reference strain because
of its well-established ability to express an S-layer protein (7).
These strains have already been identified in previous investi-
gations (12, 18, 19).

The whole slpHI gene of the 21 strains was amplified, using
primers 7 FOR and 8 REV (or 6 REV), as reported by Cal-
legari et al. (7) (NCBI accession number X91199), for all
strains except Lh4, for which P16 instead of P7 was used as a
forward primer (Table 1). Total DNA from different lactoba-
cilli was extracted from 5-ml samples of fresh overnight MRS
broth cultures according to an alkaline lysis method used by de
los Reyes-Gavilan et al. (9) The quantity and purity of DNA
were assessed by reading optical density at 260 and 280 nm, as
described by Sambrook et al. (25).

The amplification products were observed for all the strains,
although the molecular size was not always as expected (data
not shown). For 14 strains, PCR amplicons were obtained
using primers P7 FOR and P6 REV, and for 7 strains, P§ REV
was used as the reverse primer instead of P6 REV (Table 1).

To study sequence polymorphisms in the sipHI gene, we first
used pairs of primers designed for the reported sequence of

TABLE 1. Sequences of the primers used in this study

Primer Sequence (5'—3") References
P16 FOR GGAGGAAAGACCACATGAAG
7 FOR CATTATAGGCTCCTTTCTCATG 7, 33
P469 REV GGGTTACGTGAACCAATAGT
P469a REV TGACTCTTAGTGGTGTAGGC
P435 FOR GCAGGTAAGGAAATTACTAT
P435a FOR GCAGGTGATGACTACACTAT
P435b FOR GCAGGTAAGGAATACACTAT
P435¢ FOR GCAGGTAAGAAATACACTAT
P831 REV GGAGCCTTGAAGTAACCTAC
P850a REV CCACCTTGATACCAGCCTTT
P806 FOR GGCTCAAAAGATTGAAGTAA
8 REV GCCTTGCCGTTTTCGATTAC 7, 33
6 REV TTATTCAAAGTTAGCAACCTTAAC 7, 33
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FIG. 1. Primers designed according to the sequence of the slpHI gene (NCBI accession number X91199). Primers designed after a gene-walking

strategy are in gray boxes.

the gene (Fig. 1). The 5" end (approximately 550 bp in size)
was amplified from 13 strains, using the primer pair P7 FOR
(or P16 FOR for Lh4)-P469 REV, and for the other 9 strains,
the primer pair P7 FOR-P469a REV was used. The 3’ end
(approximately 550 or 320 bp) was amplified from all the
strains, using the primer pair P806 FOR-P6 REV (or P8 REV
for Lh4). To obtain the complete sequence, internal fragments
(approximately 420 bp) were obtained for only 13 strains, using
the primer pair P435 FOR-P831 REV, and for the remaining

9 strains, a gene-walking strategy was necessary. Primer walk-
ing allowed us to design new primer pairs, P435a FOR-P850a
REV for strain CBT17; P435b FOR-P850a REV for strains
V2BT10, SF2, Lh28, and SIM7; and P435¢c FOR-P850a REV
for strains IBT5, SIM3, SIO7, and DBT16 (Fig. 1).

The reaction mixtures contained 50 ng template DNA,
100 mM Tris-HCI (pH 8.3), 500 mM KCl, 1.25 U AmpliTaq
DNA polymerase (Applera Italia, Monza, Italy), 25 mM
MgCl,, 0.2 mM deoxynucleoside triphosphate, and 0.4 pM



7584 GATTI ET AL.

N Join: 29.633 %
LH28
IBTS
11 group VIBT10
SF2
107
CBT17
DETI6
- SIM 7
SIM 3
LH23
LH64
ABTS
LHS9
LHS
i3 I group
SIS18
SIS14
LH52
LH70
FBTY
LH4

FIG. 2. Phylogenetic tree of the 21 slpHI gene sequences based on
the neighbor-joining method. The sequence alignment, distance ma-
trix, and phylogenetic tree were calculated with Sequence Navigator
software (version 1.0.1; Applied Biosystems). Groups I and II include
sequences highly homologous to the published slpH1 (NCBI accession
number X91199) and prt (NCBI accession number AB026985) gene
sequences, respectively.

APPL. ENVIRON. MICROBIOL.

each primer (Biotez, Berlin, Germany) in a final reaction vol-
ume of 50 pl. The amplification reactions were performed in a
9700 Perkin Elmer thermal cycler (Applera Italia) with the
following conditions: after one cycle at 94°C for 2 min, 25
cycles of 95°C for 60 s, 55°C for 60 s, and 72°C for 2 min were
performed. A final extension was carried out at 72°C for 7 min.

Determination of DNA sequences. Amplified products were
purified with Microcon-PCR filter units (Millipore, Milan,
Italy) according to the manufacturer’s recommendations. For-
ward and reverse sequencing reactions were performed for
each amplified product according to the manufacturer’s in-
structions. Nucleotide sequencing on both strands of the PCR
amplicons was performed, using an ABI PRISM 310 sequenc-
ing machine (Applied Biosystems, Foster City, CA). The se-
quencing data assembly, analysis, and alignment were per-
formed with Sequence Navigator software (version 1.0.1) and
MicroSeq software (version 1.36), both from Applied Biosys-
tems (Foster City, CA).

The sequences of the hypothetical S-layer slpHI genes were
highly variable among the L. helveticus strains. A phylogenetic
analysis based on the 21 sequences revealed two main groups
of S-layer genes (Fig. 2). The sequence similarity between the
two groups was very low. Group I included S-layer genes ob-
tained using primers based on the published sipHI gene se-
quence. Within this group, two subgroups of very similar se-
quences were detected. After a BLASTN search (http://www
.ncbi.nlm.nih.gov/BLAST/), the sequences of group I showed a
high level of similarity (>94%) with those of the published
L. helveticus slpHI gene (7). The remaining S-layer sequences
were included in a second group (group II), which exhibited a
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FIG. 3. Comparison between group I sequences and the slpHI gene sequence (A) and group II sequences and the prt gene for proteinase
(B) made using MicroSeq software (version 1.36; Applied Biosystems). Similarity, based on the neighbor-joining method, is indicated by shading.
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ABTS (1) 47 RETS DADNQGQLNTASVVAAITS - —=——~ KYFAAQYANKQLEQDNVVVNTETA-VEDALKAQKI 266
LH231I) 47 LH23 DADNQGQLNTASVVAAITS——————KYFAAQYANKQLSQDNVVVNTETA-VEDALKAQKT 261
FBT2(I) 47 FBTY DANNQGOLNTTEVVAATNS -~ === KEYFRAQYDERQLTH--VTFDTDTA-VEDALKAQKT 263
LHTO(I) 46 LH?0 DANNQGOLNTTSVVRAINS ——————. KYFAAQYDEKQLTH--VTFDTDTA-VEDALKRQKI 262
LH52 (I) 47 LH52 DADNQGRLNT TSVVRAAINS——————KYFAAQYDKKQLTN--VTFDTDTA-VEDALKAQKI 263
S-layer 47 S-layer DADNQGOLNITSVVAAINS ---—~~ KYFARAQYDEKQLTH--VTFDTETA-VEDALKAQKI 263
SIS1B(I) 47 sIsl8 DADNQGQLNITSVVAAINS —————-KYFAAQYNKKQLAN--VIFDIETA-VEDALEAQKI 263
LH5(I) 47 LHS DADNQGQLNITSVVRATNS - - ———~ KYFAAQYDKEQLTND-VIFDTETA-VEDALEAQKT 264
LH12{I) RIVS : ; AME 47 LH1Z DADNQGQLNITSVVAAINS—————-KYFAAQYDKKQLTND-VTFDTETA-VEDALKAQKL 264
LHA{I) { 1 ARAL’ ] T : -AINANTNAK 47 LH4 DADNQGQLN I TSVVAATINS ——————KYFAAQYDKKQL THN——VTFDTETA-VKDALKAQKT 260
DBT16({II) ¥ ARAT LAV, ! MEVIYA TTHNEPTVDLSSAGSVEESK 57 DBT16 LADENGDLNVNTLLDALEG--—-——KYEAMOFQNGKFETVNWVN--TTADDVKAELEKAGI 276
SIM3(II) F M RATTATTATTATTTNEETVDLSSAGEVEESE 59 SIM3 LADENGDLNVNTLLDALKGKDALEGKYEAMOFQNGEFETVNVNITTTADDVEAELERAGT 286
2I0T(II) ! i NARTTATTST--TTNEPTVDLESAGSASESK 57 5107 LADENGDLNVNTLLVALKG--——-—-KYGAMOFQNSNFETVNVN--TTADDVKAELEKAGT 271
LH28(I1) ] LRI ; ATAMPVNARTTATTST--TTNEPTVDLSGAGSVEESK 57 LH28 LADENGNLNVDALLEALND-—--—— KYEAMQFEDGESFHTDTVEVNT TADDVERELERAGIT 277
Proteinase i 2.1 ARLLLAV) A TAME AT T it » 57 Proteinase LA-ENGNLNVDALLKAL 21||||||z<ﬂh:3ﬁ.mummM||Qﬂ<m<zqﬂw_uu4§mrm.§mh 274
WHMRARAAE NA R AAARAR: RARRRRAREA RN : L i iiiH B T, wx ok owy P PR T *
ABTS YDVDVIPSISATAEVIGTG--ITIPGSLTGSISASYNGKSYTANLEKDSENATITNSNNE 105 ABTS EVNSVGYFEAPHTFTVNVEAT SNVNSKSATLEVTVTVE NVAEE TV SVSKTVMHNAYEYD| 326
LH23 YDVDVTPSISAIAEVIGTG-ITIPGESLTGSISASYNGESYTANLPEDSENATITNSNNE 105 LH23 EVNSVGYFEAPHTFTVNVEATSHNVNSESATLEVTVTVENVAEP TVE SVSE' B 321
FBT? YDVDVTPEISAIAAVAKSDTMPAIPGELTGSISASYNGKSYTANLPEDSGNATITRSNEN 107 FBTY EVSSVGYFKAPHTFTVNVEATSNKNGESATLEVTVTVENVADEVVE SQSKT IMHR (D] 323
LH7Q YDVDVTPSISAIAAVAKSDTMPAIPGSLTCSISASYNGESYTANLPKDSGNATITDSNEN 106 LH7D EVSSVSYFPEAPHTFTVNVRKATSNENGESATLEVIVTVENVADEVVESOSKT | 3 322
LH52 YOVDVTPSISAIAAVAKSDTMPAIPGESLTGSISASYNGESY TANLPEDSGNATITDSNEN 107 LH5Z EVSSVGYFEAPHTFTVNVEATSNENGESATLEVTVIVENVADPVVESQSKT IMHENAYFYD] 223
S-layer YDVDVTRSISATAAVAKSDTMPAIPGSLTGSISASYNGKSYTANLPEDSGNATITDSNNN 107 S-layer EVSSVGYFEAPHTFTVNVKAT SNENGESAT LEVTVTIVE NVADPVVE SQSKT IM |z23
2I31e YDVDVTPEISAIAAVAEDTMLAIPGSLTGSISASYNGESYTANLPND SGNATITDSNNN 107 51518 EVSSVGYFEAPHTFTVNVERT SNKNGESATLEVTVTVE NVADEVVE SQSKT Y W 323
LH5 YDVDVTESISAIAAVAKSDTMPAIPGELTGSISASYNGESYTANLFEDSGNATITDSNNN 107 LH5 EVSSVOYFKAPHTFTVNVKATSNENGKSATLEVTVTIVENVADEVVESQSKT I 4 324
LH12 YDVDVTPSISAIAAVAKSITMPAIPESLTGSISASYNGESY TANLPEDSGNATITDSNNN 107 LH1Z EVSSVGYFEAPHTFTVNVEAT SNENGESAT LEVIVTVE NVADEVVE SQSKT IMHN] | EFT
LH4 YDVDVTESISAIAKVTGS —-ATIPGSLTGSISASYNGKSYTANLPKDSGNATITDSNNN 104 TH4 EVESVOYFEAPHTFTVNVEATSHENCESATLPVIVIVPNVADPVVE SQSKET IMHENAYEYD | 220
DBTL6 DTVNVTESFTLTSAIPAKG ---VPATLQGSIEAS LNGTSVTADVADVAKDVTLEADGGE 113 DET16 KVYARGNFEAPDTFTVTLNAKSDVNGKTASLEVVVTVENGKSTVVE SQSKT ] 336
SIM3 DTVNVTESFTLTSAIFAKG ——-VPATLQGSIEAS LNGTSVTADVADVAKDVTLEDDGGE 115 SIM3 KVYAAGNFEAPDTFTVT LNAKSDVNGKTAS LEVVVTVE NGKS TVVE SQSKT 1) 3 346
3107 DTVNVTESFTLTSAIPAKG ---VPATLQGSIEAS LNGTSVTADVADVAXGVTLT-DENE 112 2107 KVDARGNFEAPDTFTVTLNAKSDVNCETASLEVVVTVENCKS TVVE SQSKT IMHENAY 331
LHZ8 DTVNVTEEFTLTSAIPARG ——-VPATLQGSIEAS LNGTSVTADVADVAKGVTLEDGNE 112 LHZE KVDAAGNFEAPDTFTVTLNAKSOVNGETAS LEVVVIVENCKS TVVE SQSKT IMHNAY 237
Proteinase DTVNVTESFTLTSARKGE-———-] PATLQGSIEASLNGTSVTADVADVAKDVTLTDGEG 110 Proteinase KVDAANNFEAPDTFTVTLNAKSOVNGETAS LPVVVTVP KGKSTVVE SQSKT IMHNA 333
Fra gk s s pEty spdaadodddodk Adkodpddescs o paRegns o T & B L P P ST T R e
ABTS T ——— ] PADLEYGEKPYEVAVEDVSFNF GSENAGKEIT IGSANQNVTETTED 153 ABTS
LH23 IR =] PADLEYGKPYKVTVPDVSFNFGSENAGEEITIGSANQNVTFTNNG 153 LHZ3
FBT9 TN ] PAELEAGKAYTVIVEDVSFNF GSENAGKEIT IGSANPNVTETEKT 155 FRET9
LH70 TVl ——————————-] PAELEAGKAYTVIVFDVSFNF GEENAGEEITIGSANPNVTETERT 154 LH7D
LH32 T e i i ] PAELEAGKAYTVIVPDVSFNFGSENAGREITIGSANPNVTIFTEKT 155 LH5Z
S-layer L s e ] PRELEADKAY TVTVPDVSFNFGSENAGEEITIGSANPNVTFTEKT 155 S-layer
31518 T PAKLKADKAY TVTVPNVSFNFGSENAGEVITIGSANPNVTFTEKT 155 51218
LH5 TV o e e e PAKLEADKAYTVTVPDVSFNFGSENAGEKEITIGSANPNVTFTEET 155 LHS
LH1Z TV i et PAKLEADKAYTVIVFDVSFNF GEENAGKEITIGSANPNVTETEET 135 LH1Z
LHd ™WE————————] PAELEADKAY TVTWDVSFNFGSENAGKEI TIGSANFNVTIFTEKK 152 LHA
LBT1l6 TVYSYNEGENTVDNN LEAVEAGEK Y TMT LSGVGF SFGEANAGE TLTFEKLE BHN-—-VEVN 169 DBT16
3IM3 TVYSYNEGENLVDNN LEAVEAGKK Y TMT LSGVGF SFGRANAGE TLTFELE BN- - ~VEVN 171 STM3
3107 TVYSSHE-NEVDNNLSAVEAGEEY TMTLSGVGFSFGKANAEHLTFNLPEG----VIVE 166 s107
LH28 TVYSYNEHENKVDNN LSAVEAGKE YTMT LSGVGF SFGEANANKTLTFELHNG —-ATVE 168 LHZE
Proteinase VAVYSYDENT LTNELSDVEAGDD-Y TMTLSGVGF SFGEANAGKETLTFELP m.ﬁﬂll...dﬂd.m 165 Froteinase
A e G e S S HE
ABTS KDGKPVTGP TAHVELDONGVATLSSVQIKNVYAVNT TDNROVNEYDVTTGATVETGAVSL 213 ABTS
LHZ3 Q-===-TESTVEVELDQNGVAT LESVQIKNVYAVNTTDNRDVNFYDVT TGATVETGAVEL 208 LHZ3
FBTS GDOQ---PASTVEVTLDQDGVAKLSSVHIKNVYAIDTTYNSNVNFYDVITGATVITGAVSI 212 FETS
LH70 GDQ-——-PASTVEVTLDQDGVAKLSSVHIKNVYAIDTTYNSNVNFYDVTTGATVTTGAVSI 211 LHTD
LH52 GDO-—-PASTVEVTLDQDGVAKLESVHIKNVYAIDTTYNSNVNEYDVTTGATVTTGAVEL 212 LH5Z
S-layer GDO-——PASTVEVTLDQDGVAKLSSVQIKNVYAIDTTYNSNVNFYDVTITGATVITGAVSI 212 s-layer
31518 GDQ---PASTVREITLDQDGVAKLESVOTENVYATIDTTYNSNVNFYDVTTGATVTTGAVST 212 57518
LH3 GDG-—--PASTVEVTLDQDGVARK LESVOIKNVYAIDTTYNSNVNEYDVTTGAIVTTGAVEI 212 LHS
LH1Z GDQ---PASTVEVTLDQDGVAKLESVOIKNVYAIDTTYNSNVNFYDVTTGAIVITGAVET 212 LH1Z
LH4 GDOQ---PASTVEVTLDQDGVAKLSS/QIKNVYAIDTTYNSNVNFYDVTTGATVTTGAVSI 209 LH4
DBT16 DE SNDVEVILDQYGHNATNLEFVISNINAYDSANTNAVGFYDAKSGLVATQGESYMT 224 DET1E
3IM3 DT-———- SNDVEVILDQYGNATNLEFVISNINAYDSENTNAVGFYDAKSGLVATQGSYMT 226 STM3
8107 L e ARDGOVTLDQYGNVTDLEFT LE-VEAYDSANTNAVEFYDEKSGLVATQGSYMT 219 sTa7
Wﬁm - GAN-===YEDGEVT LDQYGNVTDLEF TLE-VEAYDSANTNAVSFYDEESGLVATQGEYMT 223 LHZE
a se GAN-— m_ZwUU:.N(_awwm<mzcmmrwm<HmWSAWMUmeszMMMMm;mmhﬁwﬂomwmz_w 223 Ciase fvENED 449

FIG. 4. Multiple sequence alignment of deduced amino acid sequences. The L. helveticus sequence for SlpH1 (NCBI protein identification number CAA62606.1) and the
L. helveticus CP790 proteinase sequence (NCBI protein identification number BAA86287) are reported as references. Asterisks denote residues conserved among all sequences,
and dots represent gaps introduced into a sequence for alignment. The highly conserved NH,- and COOH-terminal regions are shown in boxes. The double underline denotes
the prosequence within the proteinase-like sequences. The roman numerals in parentheses following the strain names refer to the phylogenetic tree (I or II). The black- and
white-filled arrows indicate the signal peptide and prosequence cleavage sites, respectively.
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FIG. 5. Southern blot DNA hybridization of internal PCR-amplified fragments of the putative slpHI gene of approximately 400 bp, with total
genomic DNA from all the L. helveticus strains following restriction with EcoRI. The two fragments used as probes were amplified from strains
CNRZ 892 (a) and Lh28 (b) by using the pairs of primers P435 FOR-P831 REV and P435b FOR-P850a REV, respectively (Fig. 1). M, marker

DNA/HindIII fragments (Invitrogen, Italy).

high level of sequence variation. BLASTN searches revealed
that these sequences were highly homologous to those of a prtY’
gene (NCBI accession number AB026985) coding for a
shorter, inactive extracellular L. helveticus proteinase (34). No
relation between the source of isolation and the two groups
was observed.

To complement BLASTN analysis, DNA sequences were
further analyzed. According to the multiple alignment, the
sequences of group I were divided into three stretches: nucle-
otides (nt) 1 to 209, nt 210 to 799, and nt 800 to1325, and
compared to those of the reference slpHI gene. The 5’ se-
quence stretch (1 to 209) was highly conserved (99 to 100%
similarity) within all the strains with the exception of Lh70
(96% similarity). The internal sequence stretch (210 to 799)
was highly conserved for 8 out of 12 strains, whereas for the
other 4 strains (ABTS, Lh23, Lh64, and Lh59) its similarity to
the corresponding stretch located on the reference sipHI gene
was less marked. Finally, the 3" sequence stretch (800 to 1325)
was the least conserved (89 to 93% similarity) with respect to
sipHI (Fig. 3A).

The same approach was followed for the sequences of group
II, which were compared with those of the reference prtY gene.
Multiple alignments showed three sequence stretches corre-
sponding to nt 1 to 120, nt 121 to 850, and nt 851 to 1180. As
was observed for the sequences belonging to group 1, the
central gene region appeared the most variable (77 to 83%),
and its similarity with respect to the same stretch located on
the slpHI gene was even lower (<60%). The 5’ (1 to 120) and
3’ (851 to 1180) flanking regions were highly similar (87 to
97%) and more conserved (Fig. 3B).

Analysis of primary amino acid sequences and multiple
sequence alignment. Primary amino acid sequence predictions
from the slpHI gene sequences were performed with the
ExPASy (Expert Protein Analysis System) proteomics server of
the Swiss Institute of Bioinformatics (http://www.expasy.org/).
Multiple sequence alignments of amino acid sequences were
performed with ClustalW of the EMBL Nucleotide Sequence
Database (http://www.ebi.ac.uk/clustalw/).

The deduced amino acid sequences were compared with the
surface layer protein of L. helveticus (NCBI protein identifica-
tion number CAA62606.1) and with the shorter and inactive
proteinase PrtY of L. helveticus CP790 (NCBI protein identi-
fication number BAA86287) (Fig. 4). Multiple-sequence align-
ments showed highly conserved N-terminal and C-terminal
regions. The previously described signal peptide of 30 amino
acids located in the N terminus and the predicted cleavage site
located between alanine residues 30 and 31 were observed for
all the sequences. The function of this type of signal sequence
is to govern the protein transport outside the cell membrane
(2, 30). The sequence of the prosequences ranged from posi-
tion 30 to 57, but the cleavage site was located at positions
Ser37 and Thr38 (indicated as a double underline in Fig. 4).
Thus, there is a difference between the lengths of the SlpH1
and PrtY prosequences. Moreover, strain SIM3 showed a
3-residue insertion (region 39 to 41) with respect to the other
deduced proteins.

Highly variable amino acid composition in the central parts
of the protein sequences was shown. The highest variability
corresponded to the locations of insertion or deletion events
(i.e., regions 39 to 48, 76 to 79, and 162 to 165) between the two
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groups of proteins. Many point mutations were observed, both
within and between the two groups of proteins. Both silent and
missense (both conservative and nonconservative) amino acid
changes were observed. Examples of nonconservative amino
acid changes were common: i.e., strains of group II showed
substitutions of Asn-43 and Asn-45 with Ala (or Val) and Glu
residues, respectively. Altogether, 99 nonconservative amino
acid changes were observed in the most variable zone of the
group II (proteinase-like) sequences with respect to the PrtY
proteinases of L. helveticus CP790 (34).

DNA hybridization experiments. EcoRI-generated frag-
ments of total DNA from the 21 L. helveticus strains were
separated by electrophoresis on 1% (wt/vol) agarose gels. Re-
strictions were carried out for 2 h at 37°C in 20-pl volumes of
incubation buffer (Life Technologies) containing 10 U of
EcoRI restriction enzyme and 0.25 pg of total DNA. The
Southern blotting technique was used to transfer DNA frag-
ments to an Hybond N* membrane (Amersham Pharmacia
Biotech Italia, Milan, Italy) under alkaline conditions (0.4 N
NaOH).

Two fragments of the putative slpH1 gene of approximately
400 bp were amplified from strains CNRZ 892 and Lh28 by
using the primers P435 FOR-P831 REV and P435b FOR-
P850a REV, respectively (Fig. 1). Amplification reactions were
performed as described above. The two 400-bp amplified frag-
ments were used to probe EcoRI-digested DNAs in different
hybridization experiments. DNA hybridization was performed
with enhanced chemiluminescence-direct nucleic acid labeling
and detection systems (Amersham Pharmacia Biotech Italia)
according to the supplier’s instructions. Overnight hybridiza-
tion was carried out at 42°C. After signal generation and de-
tection, autoradiography films (Hyperfilm-ECL, Amersham
Pharmacia Biotech Italia) were exposed to generate light ac-
cording to the manufacturer’s instructions. The probe from
CNRZ 892 gave positive signals only with EcoRI-generated
fragments of total DNA from strains belonging to group I
(Fig. 5a). The probe from Lh28 gave positive signals only with
EcoRI-generated fragments of total DNA from strains belong-
ing to group II (Fig. 5b).

Conclusion. The protein structure and function of S-layers
have been extensively studied in Lactobacillus acidophilus (31,
32) and L. crispatus (1). Smit et al. (31) found that the N
terminus, which encodes two-thirds of the S-layer protein of L.
acidophilus ATCC4356, is involved in the self-assembly process
of the S-layer protein, while one-third of the C terminus plays
an essential role in the binding of the S-layer protein to the cell
wall. This structure-function relationship was confirmed for
the S-layer protein of L. crispatus, where the self-assembly
domain was defined more precisely (1, 28).

We found a high homology to cell wall-anchoring domains
within proteins of group I strains (SlpH1-like), which appeared
well conserved, and the same motif was still present, although
shorter, within proteins of group II strains (PrtY-like).

Intriguingly, the presence of either slpHI or proteinase was
noted in the strains tested, as clearly suggested by hybridization
experiments. This indicates that the presence of the sipHI gene
cannot be used as a molecular marker for L. helveticus, as
suggested by Ventura et al. (33). In contrast, the prtY gene can
also be amplified using the same S-layer primers. A first con-
sequence of the erroneous application of these primers can be
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found in the work of Saito et al. from 2001 (24), which indi-
cated amplification of the S-layer gene of L. helveticus
JCM1003 in human feces, whereas, according to our BLAST
analysis, the corresponding sequence reported in NCBI (ac-
cession number AB061776) was more similar to that of the prtY’
gene.

Even if the relationship between the proteinase and the
surface layer protein is still not clear, this study shows the
existence of heterogeneity within the L. helveticus S-layer se-
quences and contributes to a better understanding of the pos-
sible biological role of the different cell surface proteins in
L. helveticus populations.
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