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Construction of T169V and P172H Mutations in the Bile
Salt Hydrolase (BSH) from Lactobacillus plantarum B14
and Biochemical Analysis of the Mutant BSHSs
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Abant Izzet Baysal University, Bolu, Turkey Bile Salt Hydrolase (BSH), synthesized by some intestinal bacteria, has
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Biology, Faculty of Arts and Science, Bolu Abant 1zzet homeostasis and glucose metabolism. Glycine and taurine in bile salts can
Baysal University, Bolu, Turkey be liberated by BSH and this process is called deconjugation. Deconjugation
property of BSH exerts health benefits to the host such as reduction of
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23, 2019; Published: December 30, 2019 to Antibiotic Growth Promoter (AGP) is under research. Because of the link

between BSH and human health, the functional and biochemical features of
BSHs necessitate an intensive study. Although BSHs exhibit variations in their
catalytic activities, in addition to the five conserved amino acids, threonine-169
(T169) and proline-172 (P172) amino acids are also strictly conserved in all
members of the N-terminal nucleophile (Ntn) hydrolase superfamily. However,
their functions remain to be elucidated. In order to analyze the correlation
between these two conserved amino acids and catalytic activity or stability of
BSH, the small T169 and P172 amino acids of BSH enzyme were substituted
for the aliphatic valine-169 (V169) and aromatic histidine-172 (H172) amino
acids respectively by PCR-based site directed mutagenesis. Then the mutant
recombinant BSHs were expressed in Escherichia coli BLR (DE3). While the
effects of the mutations on catalytic activity were detected by the ninhydrin
assay, the effects of the mutations on formation of the BSHs were visualized by
SDS-PAGE analysis. The results showed that T169V mutation decreased the
activity of BSH. Distinctly; inactive enzyme was obtained from P172H mutant.
Meanwhile, assembly and folding of the BSH proteins were not affected by
these mutations. Our finding demonstrated that these two amino acids might
be responsible for catalytic activity or substrate binding of BSH enzyme but not
for stability of it.
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Abbreviations secretion of the BSs into the intestinal lumen, BSs can be deconjugated
into the amino acids and free bile salts by the BSH expressed in many

AGP: Antibiotic Growth Promoter; Bi: Bifido Bacterium; BS: bacterial genera residing in the human Gastrointestinal Tract (GIT).

Bile Salt; BSH: Bile Salt Hydrolase; C: Cystein; CA: Cholic Acid;
ClL: Clostridium; D: Aspartate; GCA: Glycocholic Acid; GCDCA:
Glycochenodeoxycholic Acid; GDCA: Glycodeoxycholic Acid; GIT:
Gastrointestinal Tract; H: Histidine; Lb: Lacrtobacillus; LB: Luria-
Bertani; N: Asparagine; Ntn: N-Terminal Nucleophile; R: Arginine;
rBSH: Recombinant Bile Salt Hydrolase; SDS-PAGE: Sodium Dodecyl On the other hand, BSH plays an important role on cholesterol
Sulfate-Polyacrylamide Gel Electrophoresis; TCA: Taurocholic Acid;  Jevel, body weight and host lipid metabolism because of its signaling
TCDCA: Taurochenodeoxycholic Acid; TDCA: Taurodeoxycholic  fynctions in lipid metabolism of the host [3]. Therefore, there is
Acid strong relationship between BSH activity and some human diseases
Introduction such as bowel syndrome, colon cancer [4] and irritable gallstone
formation [5]. Considering the implications between deconjugation
of conjugated salts and negative or positive health consequences
[6,7], further functional studies of BSH proteins and site directed
mutagenesis of strictly conserved amino acids are required.

Expression of functional BSHs plays a vital role in bacterial survival
and colonization in the human GIT. Therefore, the presence of an
active BSH has been considered an important criterion for selection
of the candidate bacterial strains that would be used as a probiotics.

Bile Salts (BSs), a diverse group of amphipathic steroids, play an
important role in lipid digestion in mammals [1]. The primary bile
acids in human, mostly Cholic Acid (CA) and Chenodeoxycholic
Acid (CDCA), are synthesized from hepatic cholesterol followed by
conjugation with either glycine or taurine which are stored in the Even though the crystal structures of BSHs are available for
gall bladder, and then secreted into the small intestine [2]. Following  Clostridium (CL.) perfringens [8], Bifidobacterium (Bi.) longum [9],
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Figure 1: Multiple sequence alignment of BSH proteins from following organisms; Lb. rhamnosus (WP_014569128.1), Lb. casei (WP_003583296.1), Lb. oris
(WP_062813221.1), Lb. antri (EEW53327.1), Lb. salivarius (YP_535410.1), Lb. fermentum (WP_012390665.1), Lb. oris CNH2 (WP_062812843.1), Lb. hominis
(CCI81875.1), Lb. gasseri (ACL98172.1), Lb. acidophilus (ACL98173.1), Lb. reuteri (PIN31168.1), Lb. antri (EEW53327.1), Lb. salivarius (WP_101898179.1),
Lb. ruminis (WP_003697845.1), Lb. plantarum (AQU14359.1), En. Feacalis (4WL3), Li. monocytogenes (AKI41557.1), Cl. perfringens (WP_003459238.1), Ba.
anthracis (ASE28680.1), Ba. subtilis (Q2HPP6). Frame shows conserved T169 and P172 amino acids around N170.
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Lactobacillus (Lb.) salivarius [10] and Enterecoccus (En.) faecalis
[11], to date, the structural bases of such an important enzyme is not
known very well. As described by Dong and Lee [12], there are six
strictly conserved residues in the active site of BSH, including C2,
R18, D21, N82, N173 and R226 (equivalent to C2, R16, D19, N79,
N170 and R223 in BSH from Lb. plantarum B14). From 3D structure,
x-ray crystallography and amino acid alignment of all of the known
BSH, it was predicted that these six strictly conserved amino acids
might be responsible for the catalytic activity and stability of the BSH.
Recent site-directed mutagenesis studies on some of these amino
acids [9,13,14], supported these prediction obtained from in silico
analysis of BSHs. Despite a vast diversity in amino acid sequence, in
addition to these six strictly conserved amino acids, T169 and P172
amino acids are also conserved in all members of the N-terminal
nucleophile (Ntn) hydrolase superfamily.

However, there is no experimental investigation on these amino
acids. This study aims to understand biochemical and structural
functions of the strictly conserved T169 and P172 amino acids of BSH
enzyme from Lb. plantarum B14 strain.

Materials and Methods

Reagents, preparation of standards, bacterial strains and
growth conditions

All enzymes and other chemicals used in this study were
purchased from Thermo Scientific (Fermentas, Europe) or Sigma-
Aldrich (St. Louis, MO) and were used according to the supplier’s
instructions. Bile acids were purchased from Calbiochem (San Diego,
CA). The plasmid DNAs and bacterial strains used in this study were
listed in Tablel. Cultures were inoculated in sterile Luria-Bertani (LB)
broth from frozen 30% glycerol stocks and were incubated aerobically
for two consecutive passages. The cultures of transgenic E. coli XL1-
Blue and BLR(DE3) strains harboring pBluescript (Stratagene, USA)
or pET22b (Novagen, USA) plasmids were inoculated in LB medium
supplemented with ampicillin (100 pg/ml) and incubated at 37°C with

Figure 2: Three-dimentional structure of Lb. plantarum monomer of BSH
protein. The catalytic site of BSH of Lb. plantarum B14 shows strictly
conserved amino acids, cysteine 2, threonine 169 and proline 172. This
Figure was created by pMoL 0.99rc6 program.

175 RPM shaking.

In silico analysis of recombinant BSH from Lb. plantarum
B14 strain

The amino acid sequence of the BSH from Lb. plantarum B14
strain was aligned with the amino acid sequences of BSHs belonging
to different Lactobacillus species using Jalview 2.8.0bl program.
The 3-dimentional structure homology modelling of BSH of Lb.
plantarum B14 (B9V401) was generated using online Automated
Build Homology Models at SWISS-MODEL Homology Modelling
(http://swissmodel.expasy.org/) with the crystal structure of bile salt
hydrolase from En. faecalis (PDB accession code 4WL3.1.B, resolution
2.01 A) as the template. The generated structure of BSH protein was
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Table 1: Bacterial strains and plasmids used in this study.

Strains Genotype - Origin Phenotype Reference
Lb. plantarum B14 Human origin This work
E. coli XL1-Blue rec A end A 1 gyr A986 thi-1hsdr17supE44 rel A1 lac Amp’ Stratagene
E. coli BLR (DE3) F-ompT gal dcm lon hsdSB (rB- mB-) A(DE3) Novagen
Plasmids Genotype Phenotype Reference
pBluescript SKII* Amp’ Fermentas
pCON1 pBluescript SKII* with 1.0 kb bsh ORF insert Amp' This work
pET22b® peL., T7 lac, ApR, pBR322 ori (C-terminal His-tagged Amp’ Novagen
pCON2 protein) pET22b™ with 1.0 kb bsh ORF insert Amp’ This work
pCON1/T169V Substitution of threonine to valine in pCON1 Amp’ This work
pCON1/P172H Substitution of proline to histidine in pCON1 Amp’ This work
pFAT/T169V Substitution of threonine to valine in pCON2 Amp’ This work
pFAT/P172H Substitution of proline to histidine in pCON2 Amp’ This work

analyzed by the PyMOL program (DeLano Scientific LLC, South San
Francisco, California, USA).

Construction of T169V and P172H mutant bsh genes

The “ACA” and “GTG” codons of recombinant bsh (rbsh) gene,
encoding T169 and P172, were substituted for the “CCT” and “CAT”
codons, respectively encoding valine-169 (V169) and histidine-172
(H172) using pCONI1 construct as a template DNA developed by
Oztiirk and colleagues [13]. These mutations were generated by PCR
based Quick Change Site-Directed Mutagenesis Kit (Stratagene,
USA) using the appropriate primers pair, as described in Table 2
according to the manufacturer’s instructions. The gel purified PCR
products were transformed into the E. coli XL-Blue competent cells
using a heat shock method and then the desired mutations on the
final constructs were confirmed by DNA sequencing by Macrogen
Inc (Seoul, Korea). The new constructs, containing the desired T169V
or P172H mutant recombinant bsh (mrbsh) genes, were designated
as pCON1/T169V and pCON1/P172H, respectively. These constructs
containing the desired mutations were amplified and analyzed in E.
coli XL-1 Blue strain.

Expression of mutant BSHs and preparation of the cell
lysates

To overexpress rbsh and mrbsh, the rbsh gene from pCONI1
and mrbsh ORFs from pCON1/T169V or pCON1/P172H were
inserted into EcoRI/NotI sites of pET22b expression vector and then
transformed into E. coli BLR(DE3) strain as described by Oztiirk and
colleagues [13,14]. Transformants were selected based on ampicillin
resistance and plasmid size (6.5 kbp). Cell lysates were prepared
according to the protocol described by Sambrook and colleagues
[15] with some modifications described by Oztiirk and colleagues
[13]. Protein concentration was measured by the Lowry protein assay
[16]. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) with 0.1% (w/v) SDS and a 12% (w/v) polyacrylamide
separating gel described by Laemmli [17] was performed to monitor
production of the rBSH and mrBSHs.

Catalytic activity of mutants rBSH

The catalytic activity of the mrBSHs was measured by the
ninhiydrin assay developed by Tanaka and colleagues [18] with

some modifications described by Oztiirk and colleagues [13,14]. The
protocol is based on the interaction of the amino acids released from
the conjugated bile salts with ninhydrin reagent and the detection
of the reaction product (at 570 nm on a U-1900 spectrophotometer
(HITACHLI, Japan)). The catalytic activities of rBSH and mrBSHs were
determined by incubation of the enzyme sample with six different
human bile acids, Glycocholic Acid (GCA), Glycodeoxycholic Acid
(GDCA), Glycochenodeoxycholic Acid (GCDCA), Taurocholic Acid
(TCA), Taurodeoxycholic Acid (TDCA) and Taurochenodeoxycholic
Acid (TCDCA). The highest enzyme activity (100%) was recorded
with the wild-type enzyme at 37°C and pH 6. The other activities
were converted into relative activities, with respect to the wild type.
Catalytic activity assay was accomplished in triplicate in individual
experiments to produce standard deviations for all experiments.
Positive and negative controls were set up simultaneously in each
independent experiment. A standard curve using glycine or taurine
was performed for each independent assay.

Results
Active site of BSH

The alignment of amino acids residues of BSHs from different
organisms in (Figure 1) showed that T169 and P172 amino acids
around N170 residue were also strictly conserved. On the other
hand, the inferred 3D structure of the BSH revealed that the distance
of T169 or P172 side chains was close to the C2 that is structurally
important amino acid (Figure 2).

Determination of the catalytic activities of the rBSH and
mrBSHs

The quantitative catalytic activities of the rBSH and mrBSHs
were determined by ninhydrin assay in which six major human bile
salts, GCA, GDCA, GCDCA, TCA, TDCA and TCDCA, were used as
substrate. The recombinant BSH (rBSH) enzyme from Lb. plantarum
Bl4 strain was able to hydrolyze both the glycine and taurine
conjugates. However, the rBSH exhibited high preference for glycine-
conjugated bile acid over taurine-conjugated bile acids (Figure 3).
The highest hydrolysis activity occurred when GDCA was used as the
substrate at 37°C and pH 6.0 with wild-type rBSH and this activity was
defined as 100% activity. However, The T169V mutation decreased
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Figure 3: Measurement of the recombinat bile salt hydrolase (rBSH) and
the mutant recombinat bile salt hydrolase (mrBSH) activities. The rBSH and
mrBSHs activities were measured by determining the amount of amino acids
liberated from GCA, GDCA, GCDCA, TCA, TDCA and TCDCA. Relative
activity was defined as the measured BSH activity for each substrate
compared to the highest activity (taken as %100) in the assay. Values are
expressed as the mean of three independent replicates.

37TkDa

Figure 4: Electrophoretic examination of the recombinant bile salt
hydrolases. SDS-PAGE analysis of wild-type recombinant bile salt hydrolase
(wrBSH) and mutant recombinant bile salt hydrolases (mrBSH), expressed
in E. coli BLR(DE3) strain, was performed on 12% polyacrylamide gels
under denaturing conditions. Gels were stained with Coomassie Brilliant
Blue R250. Lanes: M, molecular weight marker; 1, cell extract from E. coli
pET22b/BLR(DE3) host strain (negative control); 2, cell extract from the E.
coli pPCON2/BLR(DE3) host strain encoding wild-type BSH; 3, cell extract
from E.coli pFAT/T169V/BLR(DE3) host strain encoding mrBSHT169V;
4, cell extract from E.coli pFAT/P172H/BLR(DE3) host strain encoding
mrBSHP172H. Similar to wild-type BSH in lane 2, both mutant BSHs are
visible in lanes 3 and 4.

the BSH activity more than 50% against to glycol-conjugated and
tauro-conjugated bile acids. On the other hand, P172H mutation
almost completely inactivated the BSH enzyme activity especially for
glycol-conjugated bile acids (Figure 3).

Comparison of the expression of the wrBSH and mrBSHs

Mutant rBSHs and rBSH were loaded on 12% SDS-PAGE with
a molecular mass of 37 kDa (Figure 4). The theoretical molecular
mass of rBSH (36.7 kDa) obtained using BSH amino acid residues
by ExPASy compute.pi program is in agreement with that of our
experimental results. The replacement of the T169 or P172 amino
acids with valine and histidine respectively resulted in presence of

Table 2: List of the primers that were used for substitution of T169 and P172
amino acids for V169 and H172 amino acids respectively.

Primers Sequences (5'-3’) ™

T169V-F  5-CAGTAGGTGTGTTAGTGAACAATCCTAATTTTG-3' 60 °C
T169V-R  5-CAAAATTAGGATTGTTCACTAACACACCTACTG-3' 60 °C
P172H-F  5-GTTAACAAACAATCATAATTTTGACTACC-3 53°C
P172H-R  5-GGTAGTCAAAATTATGATTGTTTGTTAAC-3’ 53°C

desired 36.7 kDa BSH band with the same electrophoretic mobility
in the gel. These results indicated that T169 and P172 amino acids
are critical for catalytic activity rather than stability of BSH (Figure
4 lanes 3 and 4).

Discussion

Lambert and colleagues [19] separated members of the Ntn
hydrolase superfamily into two groups; a PVA cluster containing
penicillin V acylase related proteins and a BSH cluster that contains
BSHs. Although the members of Ntn hydrolase superfamily share
very limited primary sequence overall similarity, they have strictly
conserved critical residues at their active sites. Previous structural
and comparative genomics studies [20,21,22] have identified that C2,
R16, D19, N170 and R223 amino acids were strictly conserved in all
BSHs of Lactobacillus species, PVA of Bacillus sphaericus and CBAH
of CI. perfringens species. Most of these five strictly conserved amino
acids verified by site- directed mutagenesis that are responsible for
the catalytic activities of BSH enzymes [13,14]. However, there is no
experimental study on conserved T169 and P172 amino acids, which
are located around N170. Therefore, to discover the critical residues
for the catalysis of BSH and to understand the function of these
residues and catalytic-binding pocket relationships, comprehensive
amino acid substitution mutagenesis was advised by recent articles
[23,24,25].

Tanaka and colleagues [26] confirmed the role of Cysteine-2 (C2)
by Changing of C2 to Alanine (C2A) by site-directed mutagenesis.
The C2A mutation led to complete inactivation of BSH. The more
conservative substitutions, C2S and C2T, also inactivated the BSH
from Bi. bifidum [27]. The other totally conserved amino acid
residues, R16 and D19, in loop I of the BSH from Lb. plantarum B14
strain were substituted for phenylalanine and leucine respectively by
Oztiirk and colleagues [13]. Their D19L mutation resulted in totally
inactivation of BSH enzyme although they observed stable mutant
BSH proteins on SDS-PAGE. However, RI6F mutation resulted
in inexpression of BSH enzyme. On the other hand, N79 of BSH
from Enterococcus faecalis (EfBSH) was mutagenized by Chand and
colleagues [11] and their mutant analysis showed that the 7a-OH
group of substrate glycocholic acid interacted with N79. While N79Y
mutant showed good protein expression, it’s enzyme activity retained
~88% of wild-type EfBSH activity. However, their N79W mutant
showed drastic decrease in both expression and BSH activity. N79
of BSH from Lb. plantarum B14 was also substituted for the aliphatic
and hydrophobic valine by Oztiirk and colleagues [14]. They found
that although N79V mutation resulted in stable BSH, it reduced the
catalytic activity and altered substrate specificity of BSH.

Briefly, our in silico analysis results are consistent with our
experimental results. Our in silico analysis results showed that T169

Submit your Manuscript | www.austinpublishinggroup.com

J Bacteriol Mycol 6(6): id1118 (2019) - Page - 04



Oztirk M

Austin Publishing Group

and P172 amino acid residues are physically close to the catalytic site
or inside the catalytic site of the BSH. Therefore, T169V and P172H
mutant BSHs from Lb. plantarum B14 revealed that these conserved
amino acid residues had a significant role on catalytic activity of BSH.
However, to better understand the exact functions of the T169 and
P172 amino acids and other strictly or partially conserved amino
acids, more biochemical investigations and further multiple site-
directed mutagenesis studies are required.
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