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Substrate specificities of bile salt hydrolase 1 and its
mutants from Lactobacillus salivarius

Jie Bi**3, Fang Fang, Yuying Qiu’, Qingli Yang?, and Jian Chen*?
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Abstract: In order to analyze the correlation between critical residues in the catalytic centre of BSH and the enzyme
substrate specificity, seven mutants of Lactobacillus salivarius bile salt hydrolase (BSH1) were constructed by using the
Escherichia coli pET-20b(+) gene expression system, rational design and site-directed mutagenesis. These BSH1 mutants
exhibited different hydrolytic activities against various conjugated bile salts through substrate specificities comparison.
Among the residues being tested, Cys2 and Thr264 were deduced as key sites for BSH1 to catalyze taurocholic acid and
glycocholic acid, respectively. Moreover, Cys2 and Thr264 were important for keeping the catalytic activity of BSH1. The
high conservative Cys2 was not the only active site, other mutant amino acid sites were possibly involved in substrate
binding. These mutant residues might influence the space and shape of the substrate-binding pockets or the channel size for
substrate passing through and entering active site of BSH1, thus, the hydrolytic activity of BSH1 was changed to different

conjugated bile salt.

Keywords: Lactobacillus salivarius, bile salt hydrolase, site-directed mutation, homology modelling, substrate specificity
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1 mH5F%E
1.1 EHSRK
Escherichia coli IM109

Escherichia coli BL21(DE3)

pET201 Amp" bshl pelB
pET-20b(+) C
T7

1.2 BEREZEIXF

(GCA)
(GDCA) (GCDCA)
(TCA)
(TDCA) (TCDCA)
Sigma DNA
(Solution I )
(TaKaRa MutanBEST Kit)
DNA marker TaKaRa 2xTaq PCR
MasterMix ( )
(Amp)
-B-D- (IPTG)
SDS-PAGE
1.3 iEFE
LB (g/L) 10 5 NacCl
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10 pH7.0 121 °C 15 min
2
1.4 3Rt R BRI R ERBVH IS
pET201 Primer 5
PCR BSH1

5 uL 10xPyrobest BufferII 8 uL dNTPs
( 2.5mmol/L) 0.2 uL DNA 1uL
1 pL 0.25 pL Pyrobest DNA
Polymerase (5 U/uL) 50 puL
95 C 5min 94 C 30s
T 30s 72°C
30 72 C 10 min PCR
1%

15 FTiEFIKRRIEE

5 min

PCR

5 16 C 1 h
E. coli Topl10
PCR
12.5 pL 2xMasterMix 0.1 pL DNA 1 uL
Blu 1 pL Bld

25 uL 94 °C 3min 94 C

30s 58°C 30s 72°C 1 min 20 s
25 72 C 10 min PCR

1%

1.6 BMERHIESFRIE
E. coli BL21(DE3)

100 ug/mL LB 37 C 200 r/min
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12 h 2%
25 mL 100 pg/mL LB
37 °C 200 r/min
ODs09 0.5-0.6
0.1 mmol/L IPTG 20 C
200 1/min
(ODgpo=1) 8 000 r/min 4 C

10 min

x1 ERKREINMFT

Table 1 Primer used for construction of
site-directed mutations
Primer Pri Y T
name rimer sequence (5'-3") ()
ACTCATATGTATATCTCCTT
B1C2Su
CTTAAAGTTAAACAA 57
B1C2Sd ACAGCAATTACTTTAAATG
GTAATAGTAATTATTT
TAAATCTAAGTTTCTTCCA
BID21Au AAATAATTACTAT 55
GCATTTTCATATGGTGAGG
B1D21Ad AGGT
CAATCCTGCCATTCCTAGT
BIN79Au CCATC .
GCTTTTCCTGGAAATGCAT
LR ATTATAGC
ATTCAATCCTGCCATTCCT
BIF80Au ) Grecarcerc o
BIF80Ad GCACCTGGAAATGCATATT
ATAGCGATGCT
TAAAGGTAATTGTTCGCTA
BIAL37Su AAACTAAGATTAATGAGA 64
BIA137Sd AGTGGGTTACATTGGTTAA
TTGCAGATAGAG
CTTATTAACGCCCTTTATCT
BIT264Au o rretATTGTC o
GCGGAATCAGGAAAAGAA
AL GAATATACTGT
GCAGAATATACTGTATATTC
SIS GAATTGCTATGATTTGGACAAC 69
B1E269Ad TTTTCCTGATTCTGTCTTAT
TAACGCCCTTTATCTGTTC
Blu TAGCCGGGTCCTCAACGACA
58
Bld CTCAGCTTCCTTTCGGGCTTT-3

(20 mmol/L pH 7.0)
12 SDS-PAGE
1/10
(3.8 mmol/L Na,HPO, 16.2 mmol/L
NaH,PO; 500 mmol/L NaCl 20 mmol/L
pH 7.4) (
=1 2)30min 15000 r/min
4 °C 20 min
12 SDS-PAGE

1.7 RBEIKIEEE R REIRRILAIL
0.22 pm

0—500 mmol/L
(3.8 mmol/L Na,HPO,4 16.2 mmol/L
NaH,PO; 500 mmol/L NaCl 500 mmol/L

pH 7.4) 1 mL/min
BSH1
18 BSH1 RHERTIKRIE LD
1.8.1
5 uL
1% (W/V) (Porcine bile) LB
(100 pg/mL 24 pg/mL
IPTG)
BSH1
1.8.2
(20 mmol/L
pH 6.0)
10 pg/mL 6 TCA TDCA
TCDCA GCA GDCA GCDCA
30 mmol/L
37°C 30 min (15%
W/V) 12 000 r/min 5 min 10 uL
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190 puL 100 C
15 min
570 nm
1
37 °C 1 pumol
(U/mL)

2 BREM
21 RIRER

SWISS-MODEL
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(PDB No. 2rf8B) (261
35.168%)
BSH1 (LsBSHI1) ( 2
BSHI N-
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Cys2 BSHI

Cys2 5 loop
loop 21-26 loop 79-84 loop 133-138
loop 256-264  loop 267-270 loop
Cys2
L. salivarius BSH1 5 loop
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C. perfringens CBAH

loop 21-26 Asp21 loop
79-84 Asn79  Phe80 loop 126-138
Alal37 loop 256-264 Thr264 loop
267-270 Glu269
2.2 LsBSH1 RE{RAy#E
Asp21
Asp21 Ala
D21A Alal37
Alal37  Ser A137S
Ala  Ser
BSH1
bshl pET201
PCR BSH1 7

BSHIC2S BSHID21A BSHIN79A BSHIF80A
BSHIA137S BSHIT264A  BSHI1E269A

« 3

\ 21-26
267-270 .

256264

/
&
‘\; 126-138

79-84

2 [REH L. salivarius BSH1 B & K 4544
Fig. 2 Homology modeling of the crystal structure of
L. salivarius BSHI1.
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bp bp M2 7
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Fig. 3 Amplification of pET201 derivatives for construction of LsBSH1 mutants. M1: DL5000 DNA marker; M2:
Trans5K DNA marker; 1-7: BSHID21A, BSHIN79A, BSHIF80A, BSH1A137S, BSH1T264A, BSHIE269A and

BSH1C2S.

7 PCR
E. coli
PCR 4
1 200 bp

IM109

2.3 LsBSH1 X 7 MRTRRIRIES AL

bp

2 000
1000

B4 H% PCRIIEFAMERE

Fig. 4 Verification of positive clones via colony PCR.
M: DL2000 DNA marker; -: negative control; +: positive
control; 1-7: PCR products of E. coli JM109 strains
harboring positive clones of BSHID21A, BSHIN79A,
BSHI1F80A, BSH1A137S, BSHIT264A, BSHIE269A
and BSH1C2S.
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ADa M1 23 45678
N " | |'“ o
30—

Bpa M1 2 3 4 5 6 7 8

El5 LsBSH1 RERTRMRIESLN

Fig. 5 Expression and purification of LsBSH1 and its
mutants in E. coli. (A) Expression of LsBSHI1 and its
mutants in E. coli. (B) Purification of LsBSH1 and its
mutants. M: protein marker; 1-8: BSHID21A,
BSHIN79A, BSHIF80A, BSHI1AI137S, BSHIT264A,
BSHI1E269A, BSH1C2S and BSH1.
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Fig. 6 Substrate specificities of LSBSH1 and its mutants.
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