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Abstract - Bile salt hydrolase (BSH) is one of the genes relevant to bile tolerance. Biochemical assay showed that Lac-
tobacillus casei Zhang was able to deconjugate sodium taurocholate during growth. To explore the possible relationship
between BSH activity and bile tolerant ability, we cloned and determined full-length DNA sequence of the BSH gene in
L. casei Zhang, and monitored its expression pattern under the stress of bile salts. The DNA sequence consists of 1181
nucleotides; the putative protein includes 338 amino acids. The sequences alignment and homology studies illustrated a
great diversity between species. Further real-time PCR analysis revealed that expression of the BSH gene was up-regu-

lated when there presented bile salts in the growth medium.
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INTRODUCTION

Lactobacillus genus includes several species which have a long
history use in food fermentations. In order to exert their ben-
eficial effects, the ability of resistance to bile salt is required for
transiting the intestinal flora (Gueimonde and Salminen, 2006).
Lactobacillus strains have been studied extensively, and actually,
some of the probiotic strains showed a high survival rate in the
presence of bile salts (Succi et al., 2005). However, molecular
mechanisms of these bacteria to tolerate bile remain unclear.
Several genes including those for lipopolysaccharid biosynthesis,
bile salt deconjugation, and sugar transporting were reported to
help bacteria keep alive under bile stress (Van De Guchte et al.,
2002). Among them, bile salt hydrolase (BSH) appeared to be
more important for probiotic strains (Bron et al., 2006). Recently,
the ability to hydrolyze bile salts has been included in the criteria
for probiotic strain selection (Pineiro and Stanton, 2007).

Bile salt hydrolases (BSH; EC 3.5.1.24) are in the linear
amide C-N hydrolases chologlycine hydrolase family that also
contains penicillin amidases. Intestinal bacteria encoded the
BSH protein are involved in transformation reactions, catalyzing
hydrolysis of the amino acid taurine or glycine from the C-24
position of conjugated bile salts (Ridlon et al., 2006). It can be
commonly detected in many bacteria including several members
of genera Lactobacillus and Bifidobacterium, such as Lactobacillus
acidophilus (Mcauliffe et al., 2005), Bifidobacterium longum (Grill
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et al., 1995), Bifidobacterium adolescentis (Kim et al., 2005),
Lactobacillus johnsonii (Elkins et al., 2001), Lactobacillus reuteri
(De Boever et al., 2000), Bifidobacterium bifidum (Kim et al.,
2004), Lactobacillus plantarum (Christiaens et al., 1992) and
many other gastrointestinal autochthonous organisms (Jones et
al., 2008), some of which have been cloned and characterized.
Some homologues of BSH genes, if any, have also been identified
through microbial genome-wide analysis. Of the dairy-related
Lactobacillus casei strains, limited information can be obtained
about its BSH activity until now.

Lactobacillus casei Zhang was isolated from home-made kou-
miss in Inner Mongolia of China, which showed high resistance
to bile salts (Wu et al., 2009). In this context, we first evaluated
BSH activity of L. casei Zhang, then cloned, characterized, and
examined the expression pattern of the BSH gene under the
stress of bile salts. We aim to explore the association of the BSH
gene with bile salt tolerance in L. casei Zhang.

MATERIALS AND METHODS

Bacterial strains and culture conditions. Lactobacillus casei
Zhang was obtained from Key Laboratory of Dairy Biotechnology
and Engineering Ministry of Education, Inner Mongolia Agricultural
University, China. It was propagated at 37 °C in de Man, Rogosa,
and Sharpe broth (MRS; Difco, Detroit, USA). Gene transcrip-
tional expression studies of BSH were done in MRS broth supple-
mented with 0.5% and 1.5% (w/v) bile salts (Sigma, St. Louis,
MO, USA).

Assay of BSH activity. BSH activity was tested by deconju-
gation of sodium taurocholate in MRS-THIO broth (MRS sup-
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plemented with 0.2% sodium thioglycolate) (Sigma). The broth
media were inoculated with 1% strain culture and incubated at
37 °C for 24 h, and then the release of free cholic acid (Sigma)
was analyzed as described by Walker and Gilliland (1993). An
un-inoculated sample served as control. Each test was carried
out in triplicate.

Primer design. The primers were designed based on the
published genome sequences of Lactobacillus casei ATCC 334
and Lactobacillus casei BL23 (GenBank accession number:
NC_008526, NC_010999) (Table 1). A primer pair (BSH-
F, BSH-R) that flanked the BSH sequence was designed to
amplify the full gene. For real-time PCR analysis, primers of BSH
(BSHQ_F, BSHQ_R) and glyceraldehyde-3-phosphate (GAPDH,
GAPDH_F, GAPDH_R) were designed with an amplicon size less
than 200 bp.

PCR amplification. Total DNA was extracted by using EZNA
bacterial DNA kit (Omega Bio-tek, GA, USA) according to the
manufacturer’s directions. PCR reactions were carried out in a
25 pl reaction mixture containing 0.2 pl Taq polymerase (5 U/
ul, Takara, Tokyo, Japan), 2.5 pl 10X PCR Buffer (Mg2+ free),
2 pl dNTPs (2.5 mM each), 2 pl MgCl, (25 mM), 0.2 pl forward
primer (50 pM), 0.2 pl reverse primer (50 pM), 1 ul genomic
DNA (100 ng/pl), and 16.9 pl ddH,0. Amplifications were per-
formed on a thermal cycler (Bio-Rad, California, USA) using
following program: 94 °C for 5 min, 94 °C for 30 s, 48 °C for
30 s, 72 °C for 40 s, 45 cycles, then 72 °C for 10 min, and 4
°C for 30 min.

Sequencing and sequence analysis. The PCR products were
separated by agarose (1%) gel electrophoresis using a Huashun
Gel Extraction Kit (Huashun, Shang Hai, China). The extracted
PCR product was ligated to pMD 18-T Vector (Takara) by using
T4 DNA ligase and incubated at 16 °C overnight, and then
transformed into Escherichia coli DH5a competent cells. Positive
clones were identified using blue-white color selection on agar
plates containing ampicillin, X-gal and IPTG. The recombinant
plasmids were cut by Hind III and BamH I (Takara) and, before
sequencing, the expected inserts were run on the gel to verify
their size.

The BSH gene sequence was analyzed for start and stop
codon with ORF Finder (http://www.ncbi.nim.nih.gov) and
was translated into putative amino acid sequence. BLAST was
used for homolog searching (Altschul et al., 1997). Domain char-
acterization was carried out by using Interpro database (Mulder
et al., 2005). Multiple amino acid sequence alignments were
performed using the ClustalW software package (Thompson et
al., 1994).

RNA isolation and cDNA synthesis. Before being used in
experiment, stock cultures were subcultured twice in MRS broth.
The third subcultures, when the cells went into the exponential-
phase, were harvested by centrifugation at 4,000 x g for 5 min
at 4 °C. Total RNA were extracted by using EZNA bacterial RNA
kit (Omega Bio-tek, GA, USA) and were digested with the RNase-
free DNase-I (Omega Bio-tek) to remove the genomic DNA.

cDNA was synthesized by using the PrimeScript™ RT reagent
Kit (Takara). Reverse transcriptions were performed with 0.2 pl of
total RNA (1 pg/ul), 0.5 pl PrimeScript™ RT Enzyme Mix™, 2 ul 5
x PrimeScript™ Buffer, 0.5 ul Random 6 mers (50 uM), and 6.8
pl RNase Free ddH,0. The RT reaction condition was as follows:
37 °C for 15 min, 85 °C for 5 s.

Real-time PCR. The 2-2ACt method was used to calculate the
relative changes in gene expression (Livak and Schmittgen,
2001). GAPDH gene was selected as an internal control for nor-
malizing the amount of RNA added to the reaction of reverse
transcription. For validation of the AACt calculation, PCR effi-
ciency was measured for each primer pairs using serial dilutions

TABLE 1 - PCR primers

Primer Sequence (5’-3") Amplicon size (bp)
BSH_F GGATCGAGCCATTAAGCAA

BSH_R ACACTGAACCCCAAAACCA Het
BSHQ_F ATAGTCCTGAATACGGGTGG

BSHQ R GATGGTGATGTGTAATCGCC 66
GAPDH_F  GGCTATCGGTTTGGTTATCC

GAPDH_R  TGTTTTCGGTGTGCTTCTTG o4

of cDNA. Primer dimer formation was checked by agarose gel
electrophoresis and melting curve analysis.

Real-time PCR was performed in the Mastercycler ep realplex
system (Eppendorf, Hamburg, Germany), using the following
thermo-cycler program: initial denaturation at 95 °C for 5 min,
followed by 40 cycles of amplification at 94 °C for 30 s, at 63 °C
for 30 s, and at 72 °C for 30 s. The reaction mixture containing 1
pl cDNA template, 2.5 pl 10X PCR Buffer (Mg2+ plus), 1 pl dNTP
mix (2.5 mM each), 1 pl forward primer (10 pM), 1 pul reverse
primer (10 pM), 0.7 pl 0.6xSYBR Green-I dye (Generay Biotech,
Shang Hai, China), 0.3 ul Taq polymerase (5 U/ul; Takara), and
16.5 pl ddH,0. Individual real-time PCR reactions were carried
out in triplicate for each gene.

RESULTS

Detection of the BSH activity

The deconjugation of sodium taurocholate by L. casei Zhang after
incubation at 37 °C for 24 h is measured in terms of the amount
of cholic acid liberated, which was 2.84 = 0.13 pmol/ml. This
could indicate that L. casei Zhang is capable of deconjugating bile
salts during growth by producing certain BSH.

Cloning and sequencing of the BSH gene

To identify the gene encoded BSH enzyme, PCR analysis
was performed and the products had been sequenced.
After sequencing, full-length DNA sequence of the BSH of
L. casei Zhang was obtained. It is composed of 1181 bases
including one partial ORF and one complete ORF of BSH
gene. The complete ORF of 1017 bp encoded a putative 338
amino acids protein with a conjugated bile acid hydrolase
(CBAH) domain. The translation start codon and stop codon
were capitalized and emphasized by boxes in Fig. 1. The
complete sequence has already been deposited in GenBank
database under the accession humber of EU599213.

Sequence comparison of the BSH gene

Using BLAST program, BSH sequence of L. casei Zhang
was aligned with other BSHs from GenBank database. The
results showed that it displayed 86, 46, 44, 37, and 33%
identities with BSH-related proteins from Lactobacillus
rhamnosus HNOO1, Pediococcus pentosaceus ATCC25745,
Enterococcus faecalis V583, Clostridium perfringens D str.
JGS1721, and Lactobacillus brevis ATCC367, respectively.
Subsequent multiple alignments with these sequences
identified 5 putative active cites at Cys, Asp, Asn, Asn, and
Arg amino acids residues (Fig. 2). Moreover, two conserved
amino acid motifs, namely DGXNXXGL and TSPXRXXR
around the active cites, were discovered during the analysis
process.

Transcriptional expression of the BSH gene
Real-time PCRs were first optimized for each gene by
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GGATCGAGCCATTAAGCAATTCGGGTTATAATGA
CAGTAATCGTAAAAATTAAGCTTTAAACACTGACATTTATTTTCGAAAGGGGTCGTTGCT
[ATGTGTTCTTCAATGACAATTAAATCGCTACAAGGTGATATTTTCTGGGGCCGGACCATG

M C S SMT I KSL Q GDTI FWG RTM
GATTACAACACCAGTTTCTTTCATGAATCACCAGTCGGCGGGGTTCCTGGTAAAATTGTC
D YN TSF F HES P VGG VPG K TIUV
AGTTTGCCAGCAAACAAGGCATTACCAACACAAAGTGCCAAATGGACCACAAAGTATGCA
S LP ANZXK A LPT Q SAK WTT KJYA
GCGGTTGGCGTCGGTATTGATCAAAGTACGGCACT TTTCGACGGCGTCAATAGCGAAGGC
AVG VGI D QST A LFD GVN SEG
TTGGCTGGCGACTTGCAGGTTTTGGTAGAGTGCAGCTGGGCGAGTGCGGATTCTTTGAAA
LAG DLQ V LVE C SWA SAD S LK
CAGCGTGGGCTGAAAGCTATTAAAGGCGAGGAGT TTGTGACCTTGGCCTTGACGACATGC
Q RG LKA I KGE E FVT LAL TTC
AAAAATGTTGACGAAGTACGCGCTTTGGCGGGTGAGTATGGCCTGCTGGATGAACCTTAT
K NV DEV R ALA G EYG LLD EPY
GAGTTTGGCGGCCAAGGGGTGAAAATCCCATTACATTACACATTTGTTGATCCATCAGGT
EPFPG QG V XI P L HYT FVD PSG
AAGGGGATTGTTGTCGAACCAACCGATCACGGCGCCTTTAAGCTGTATGATAGCATCGGC
K GI VVE P TDH G AFZK LYUD S TIG
GCCATGACGAATAGTCCTGAATACGGGTGGCATGAAACCAATTTGCGCAATTATGTCAGT
AMT NSP E YGW H ETN LRN YV S
CTGAATGACAATAACTATCCTAAGGGGTCCGAATTAGGCGACTACCATATTGAGCCGATT
L ND NNY P KGS E L GD YHTI ETZPTI
GAGTTAGGCACAGGCTACGGGATGTTCGGTTTGCCAGGCGATTACACATCACCATCGCGG
ELG TGY G MFG L PGD Y TS P S R
TTTCTGCGGGCAATGT TTGTTTCGCGTAATCTTGATCCCTTCAATAGCAAAGACGGCATT
F LR AMF V SRN L DPF NSZK DGTI
CGCGTATTATACAATGCTTTCAAGACTGTCTTGATTCCGCAGGGGCTAGGTCGCGACCCA
R VL YNA F KTV L I PQ GLG RDP
CAACATCAGGTTTTAACGGATTACACGCAGTACTGGTCTGGCTATGATCTGACGAAAAAG
Q HQ VLT D YTOQ Y WSG YDL T XK K
ACAATTTTCGTGCAAGATTCAGACACATTGACAATGACAACGAAAACACTTGATCCGACT
T I F VQD S DTL T MTT KTUL DPT
ATTACTGACGTCACTTATGAAGATTTGGCTAAAACTGAACAGTTCAATCAACTGTAGACT
1 TD VTY E DLA K TEQ FNOGQ L *
GACATCATTGACATGAAARAAGGCAACACTGAACGAGAGACCAATCATTGGTTT TGGGGT
TCAGTGT

FIG. 1 - Nucleotide sequence and deduced amino acid sequence of the BSH gene from Lactobacillus casei Zhang.

varying both primer and PCR reagent. After several rounds
of optimization, the real-time efficiencies were close to
100% in all test conditions (data not shown). A single
product-specific melting curve was obtained as well, which
suggested the feasibility of further experiment. The fold

changes in gene expression are depicted in Fig. 3. salt tolerance in L. casei Zhang.

The above results showed that the BSH gene was up-
regulated in an approximately 3.12 fold in the 1.5% bile
salts treatment medium, more than which propagated in
the 0.5% bile salts. Thus, we postulate here that there
must be some relationship between BSH activity and bile
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Lease SHMTIRKSLOGDIFVGR YHNTSFF-HESPVG-GVPGEIVSLPANKAILPTOSAFWTTR S8
Lrham M SMTIKSLOGDIFWGRTHBYNTSFEF-HESPAG-GVPGEIVSLPANQTILPAQTATIWETE 52
Efaec M GIKIISKTHNDIFYGR' FTFDFFGHNEDPIAPRIPTLIAQFPRGTVLNSQLNPWTAK &0

Ppent IEITARNGEEFVWGRTME LALPMFGEDPEED LGARGMITTIPAGVDIDSQLANWOAD £0
Cperft M HIBISSNEKINVYVIGRT TSFNPEF—-——————— DIGSKIVIVPRINFMLETQSEPWKTK 32
Ibrev SLTYENSRGDHELART FAFELG-———————=—=—=— GQPIFMPROOEISGDAGTETTE <9

Wk 2 2 -2 H oWk ;R - ® H H H HE
Loase YAAVG——-VGIDR———————— STALFD SEGLAGDLOVIVECSVWASADSLEODRGLEAT 107
Lrham YAAVG-——-VGVDQ———————— SVALFD SEGLAGDLOVILVECSVHWASAESLARRNLEPI 107
Efaec YAFMGLAMSGTDQPANDGRTVSLAITDG GLSGDIQYIMESSTAPAESLADRGLTPE 120
Ppent YAAMG-——-IGIGG———————-— TEILFDG HGLAGDILOVILFESTADTLENIQOROOVEPV 109
Cperf YSFLG-——ISLSE———————— STLFEFFD KGLAGGLLFINACTWDRRENIEREGLIAT 101
LiIbrev YGFIG-———AGRMLS——————— HYTIFVD FGLG——AAAI YFRGYARYQOOSAPADEIAT =7

x HE 3 - - H xx:hx, *k * T . -
icase RGEEFVTLALTTCRNIVDEVRALAGEYGLLDEPYEFGGRG-—-VEIPLEYTEVDPSGRGIV 1&8<
Lrham RGEEFVTLAI TTCRNVITEVRAIASOVYGILIDEPFOQFGGRG-——-VRIPLEYTFEFVDPSGAGLWY 1 6=
Efaec IAREVIAVIISNFESVDEVEVAFERIGLIDQORFQIDSIGE——VHETLHWTINDENMHNSIV 178
Ppent MNTEFVITYVLTHPESVREIRENYOMNFAVVDOPTMLNGHS - ——ISFPLHYSFVDESGDGVY 185
Cperf NSGEIVPWILSHNFESVDDIRKENISEVAVTGDDISSLGELGEGHNPITAHYTFEFTDEMGHSVY 161
Llkrev APHDVVAWALGHNAQSVADLRELVRAIQILDVPVSLLGLT—-———-— TPLEFIFSDPTGDTAV 152

.z * z.% z'zz H * : *® bl

Locase VEPTDHGAFKLYD-SIGAMT PEYGWEETNLRNYVSLNDNNYPRGSELG-DYHIEPIEL =22
Lrham IEPTDHGAFKLYD-SVGAMT PEYGUWETTNLRNY VS LNDRNYPEGADLG-DCHLEPIEL 222
Efaec LOPTDHNGAFVIYD-SIGVWVT PEYINYELTHARNY IGHRINYAIREPFYTLRSGATLDPIEG Z37

Ppent LEPVDNGSFRLYD-SVGVYT PEYNWETVNLRNYIALNELNIRRPRTYRNGYTLNPIEG 2235

Cperf [EPTHNGRERVENNTVGVIL PTEDWEMTNLSNYIQVOGFNRNQ-KTLNXNTVITPISNH =20

IiIvrevw LETTHN-ADILHIIDDPVGVINM PEINWHILONILSTYGTLOAARRPI.QDRI.G-——=YQILPTO Z07
T3 . 3 03 3 .z*E, %% -3 % * - T .

Locase GTGYGMEFGLPGDYTSPE FLRAMFVSRINLDPFHSE-DGIRVLYNAFRTVLIPRGLGRDPQ =52
Lrham GTGYGMFGLPGDY TSPSEFVRAMEFVSRINLDPEFNSHN-EGIRVLYNAFRTVLIPQGLGRDPR Z&£1

Efaec GTSYGLLGIPGDETSP IRALYYSDNLOEFDSS-EGIMQILYRAFOQTWVHMIPRGIGHLGD =986
Ppent GTGYGLTGLPGTYTSPE LYVRSFMVANIMDDFEAE-DGIAQI YAAFRPUVITPRGMERNTS Z8=<
Cperf GT-—-GMLGLPGDYTSPE TYLRNFIGDISDE-EBAPVCLFSLILNSVIWPREGVERFNE =277
Librev GPGTGALGLPGDYTSP FVRTVFNRAYSEAAADTPSTLTTLCHLLDGVTIPRGVRKLIMAD =Z&7
- * L & 4 HE k& S B - * - £ 3 =% oz %oz - -
Lease HOVLTDY IQYNWSGYDLTRRTIFVODSDTLTHMTTRTILIDPTIT-———-DVTYEDLARTEQFNG 337
Lrham HSIITDYTOYWSGYDILSERRATFVODANTI THMTTRTIDPNILT-——-EVTYDDIVETEQFNG 337
Efaec SHSLSDFTHYWSGYDVTHLTHYVOPESTTSFTREYTLDPALT-———-EVTTFAVSNELLLTD 352
Fpent EBEDILSDYTRYWSGYDLREOREVYIQTGRGLAITARCLNQTAT-———-TISFDEVDTGNYIHE 340
Crerf DRDDSDESSYMCAYDONLGRELY LRTFNREINTMEFSLRNGRD--—-DRLVTYSI——————— =25
Lbrew G=-=TSDY TOYRGYACI DDRVYYMEPYDNOELOGIRLTDEMINDUWDTPVEYPLDHTPHVEE =25
1wz * . *

Loase L—— 33=

Lrham L—-- 338

Efaec LN =55
Ppent I-- =523
Cperf ——- 32

Lbrev LN- 327

FIG. 2 - Amino acid sequences comparison of BSH proteins. The introduction of gaps is indicated by dashes. Identical
amino acids are indicated by asterisks. Five putative active sites (C, D, N, N, R) are highlighted with shadows.
Lcase, Lactobacillus casei Zhang (GenBank Accession Number: EU599213); Lrham, Lactobacillus rhamno-
sus HNOO1 (GenBank Accession Number: EDY98569); Efaec, Enterococcus faecalis V583 (GenBank Accession
Number: AA082690); Ppent, Pediococcus pentosaceus ATCC25745 (GenBank Accession Number: ABJ67168);
Cperf, Clostridium perfringens D str. JGS1721 (GenBank Accession Number: EDT71741).

DISCUSSION
35 r

3 | BSH plays an important role for bacterial hosts, especially for
] their persistent survival and colonization in vivo (Begley et al.,
o825 ¢ 2005a). Up to now, a number of BSHs have been cloned and
€ 92t characterized from Lactobacillus strains. However, little infor-
a mation correlated with L. casei BSH was reported except some
v 15 initial screening tests (Tanaka et al., 1999). In this study, we
& 1t detected the BSH activity of L. casei Zhang at first, and then
W cloned, characterized, and monitored the expression pattern of

05 1 the BSH gene under the stress of bile salts.
0 : ! Since various degrees of BSH activity have been reported,
05% 15% it is convincible to give a scientific validation of the test strain.
. ) Biochemical assay indicated that L. casei Zhang deconjugated
Concentration of the bile salt sodium taurocholate during the experiment, which also exhib-

ited considerable activity. Similarly, Brashears et al. (1998)

FIG. 3 - Trendgraph of BSH gene transcriptional expres- found that the isolate of L. casei had the BSH activity both

sion under different concentrations of bile salts in on sodium taurocholate and sodium glycocholate, but differed
Lactobacillus casei Zhang. from each other.
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On the basis of the published BSH homologs encoded by L.
casei ATCC334 and L. casei BL23, we obtained the full sequence
of BSH gene in L. casei Zhang. Compared with others, L. casei
Zhang BSH shared a high amino acid sequence similarity with
it from L. rhamnosus HNOO1, but relative lower with it from P.
pentosaceus ATCC25745, E. faecalis V583, C. perfringens D str.
JGS1721, and L. brevis ATCC367, which suggested the biodi-
versity of BSHs either at inter-genera level or yet determined
in Lactobacillus. However, all of the five proposed active sites
at Cys, Asp, Asn, Asn, and Arg amino acids residues are highly
conserved (Oh et al., 2008), which have been elucidated as cata-
lytically important (Suresh et al., 1999). This strongly implies
that the cloned gene encodes BSH gene in L. casei Zhang.

BSH activity may confer an advantage for bacteria to
tolerate bile salts, whereas the contribution is still somewhat
controversial (Begley et al., 2006). Under different
concentrations of bile salts, transcriptional expression of
the BSH gene was highly up-regulated. This data is well
consistent with the findings as shown for Lactobacillus
plantarum WCSF1 during the microarray analysis of bile-
responsive genes (Bron et al., 2006). Identical results were
also obtained when Listeria monocytogenes was exposed to
bile salts (Begley et al., 2005b). Therefore we tentatively
considered that the BSH activity was associated with bile
salt tolerant ability of L. casei Zhang.

In conclusion, L. casei Zhang showed the detectable BSH
activity towards bile salts, we focused our research on the
BSH homologue encoded by all published L. casei genomes
and had it cloned. In addition to BSH biodiversity among
different bacteria, we found the predicted BSH significantly
up-regulated under the stress of bile salts. And last but not
least, the extent to which BSH will benefit L. casei hosts
in the presence of bile salts needs to be proved by other
molecular techniques.
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