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3R PLAT BIAE 3K AREG 0 05 R B R PR

FF5%F IRE FR Zn@ #EE HE REN
(st BB B BERTSET % BERB BRI ST A 920%  JEs 100097)

B OE. [88) MERAE A KRHEF (AGPS)E A+ 25 Z b2 A, AGPs 4K 44 #F
FRA #E . TR KRB (BSH) £ S KX 69 X4EE A, A AGPs BRMAF R 69— A
FHG 6. ERA AL A ek B X R Fe ks R AT BSH A8 MR 7\ 69 £ 504
(77 %1 5 %)%t 28 7 2 2k 7K & B (BSHC) A= 77 A2 2 /K A7 B (BSHp) AL B i AT R AZ & A fn & & 4k,
MBI T A 6 AR LA Re 2 Fe AR 2 A8 3 69 K AR R RAT AT Bl 09 BR 5 3 F) SR, it d )
TTIRE. pH Ae B B FatBEE H e %, (452 ] BSHe A= BSHp 3 H &4 42 3 6 K s
& T ekt oRe i, BSHc x4 4542 2k 69 K548 BSHp #4&; BSHc #= BSHp # & i& B4
fiRR 5 4 A 45 °C #= 42 °C; BSHc #= BSHp #95%iE B pH 4514 6.0 = 5.4; 44 Cu®™. Fe*.
Mn?*F= Zn 444> /& 2 3% BSHc A= BSHp #9885 /) 3 LA R AZE 6437 5146 A, 4 5] 2 Cu* F= Fe**
IPEIVE R HeARaR; A Na's K'. Mg®'fe Ca® 494 & 2k %t BSHc F= BSHp Bii% 7 #4949 4|4k /A A st
BRI HIMER, 12 KIOz %t BSHc #= BSHp B47% /) B A7 47 14 A , Kl #= CaCl, & BSHp &4
FACEABGRGIHER . (48] R KA 41069 BSHe F» BSHp AF-H R4 42 23 69 K%
HEZTF ARSI, BSHe ¢ RiEBMIREF pH & F BSHp, Cu®'. Fe**. Mn*#f= zn?
¥4 % B T BSHc #= BSHp Ba7% /) B4 B A7 4I1E R, XK3e4E R4 %52 BSH 49 4| 4)idt m AF 4|
AGPs %X 2 7 Awdh.

K. fehKipEe, BeE ), RE, pH, 285 T

Expression and characterization of bile salt hydrolase from chicken
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in animal feed, studies on AGPs alternatives are becoming hot topics. As the bile salt hydrolase plays
a key role in lipid metabolism, it has become an important direction in AGPs alternatives. This study is
aimed to determine the difference in enzymatic properties of bile salt hydrolase from chicken and
porcine Lactobacillus based on the prokaryotic expression and purification. [Methods] The encoding
genes of chicken bile salt hydrolase (BSHc) and porcine bile salt hydrolase (BSHp) were expressed in
E. coli and purified by His-tag affinity column chromatography. The purified products were used to
identify the BSH Kinetic properties by hydrolyzing the six glycoconjugated and tauroconjugated bile
salts. Effects of temperature, pH and metal ion compounds on the BSH activity were also determined
respectively. [Results] BSHc and BSHp displayed higher catalytic efficiencies on glycoconjugated bile
salts than that of tauroconjugated bile salts, while BSHc had a slightly higher hydrolysis activity on
glycoconjugated bile salts than BSHp. The higher enzymatic activity of BSHc and BSHp were
observed at the temperature of 45 °C and 42 °C, respectively. The optimal pH for BSHc and BSHp
were 6.0 and 5.4, respectively. The metal ion compounds containing Cu?*, Fe**, Mn*, and zn*'
displayed different degrees of inhibition on BSHc and BSHp activity, especially higher inhibition
observed in Cu®* and Fe** compounds. The inhibition of the compounds containing Na*, K*, Mg**, and
Ca’* on BSHc and BSHp activity was relatively weak or no inhibition, but KIO; had a strong inhibitory
effect on BSHc and BSHp activity, KI and CaCl, also had strong inhibitory effects on BSHp activity.
[Conclusion] Based on prokaryotic expression and protein purification, BSHc and BSHp displayed
higher catalytic efficiencies on glycoconjugated bile salts than that of tauroconjugated bile salts. The
optimal temperature and pH for BSHc was higher than that for BSHp. The metal ion compounds
containing Cu®*, Fe**, Mn*", and Zn*" displayed significant inhibition on BSHc and BSHp activity. The
results will be helpful for identification of BSH inhibitors and development of AGPs alternatives.

Keywords: Bile salt hydrolase, Enzymatic activity, Temperature, pH, Metal ion
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MR E R B ATRCE, PiAE R A KA
(Antibiotic growth promoters, AGPs)) 7z F 1A
b, XHRE DR LR | BRI & A R 55 T
RYET EEAETMY, B2 AGPs HUK BT T
— RN, WANpa 25 RN . B b E R
WEk iR, HIBEEM BRI L A,
DERK B [ RS AR R T AGPs 78 sh il kb () s
R, R SRS R P 27 B AR 11 S 1)
BRI AGPs T2 KB IN

b AGPs INRRATFIZEH], Tk =B
b BRI, TS 75 AGPs VR FIAILTI B A
Hilde A =AM oG, PRI, AGPs Al
RAR 738 HP IH £ /K f# if (Bile salt hydrolase, BSH)AY
Y, (i E T BRI R AT, T
(GEEEE -Gl

BSH & B B G U — Rl il , X 2L/ 18 T
PEELFEZLAT I . DUBATI . WEKE . R . 2B
WP, AGPs B AT 10 a8 R BSH

TEME, XA EHEEE T BSH. BSH i 212K
AR 45 5 DR S 1 A 1 AR R 5 R H R AR R T e
BRI TR, W B A ARERTEAS pH £/ F Tl s
JIEL R B2 BT U TRt RS, IR AR T L
A REL A M ) SR TG 4 A A il v B2
PRI FIR IO T R AECEEAE T, BSH M-I T
ZEAIRERMThEE, FIARY BSH #ifil4nl e
Wil AGPs B — A~ E )y ), L 7 BSH
R IE b B AWE iDL (e AN
AIRIG S I BSHUVRRE I BSHEL ) 5il34 7
[ R L, Hm i e, AR
VR BSH TEMF I T 5 TN 22 5, H%EE BSH #1
T AGPs 214425 52 LAl

1 MRETE
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pET21b-BSHc #1 pET21b-BSHp i35 [ H 4474 K2
Az Ems, Hrp BSHe ok [ J5 ME LT I
(Lactobacillus salivarius), BSHp % H J& IR FERRFLIT
I# (Lactobacillus acidophilus).
1.2 EFZERAFFLE

4 i (Glycocholic acid, GCA) ., H 4 i &
JH R (Glycodeoxycholic acid, GDCA). H & #hi
A JHiZ (Glycochenodeoxycholic acid, GCDCA).
- fif JH 2 (Taurocholic acid, TCA). Z-fi it 4 0 2
(Taurodeoxycholic acid, TDCA). Z-%ifi k% % A R
(Taurochenodeoxycholic acid, TCDCA)#J H Sigma-
Aldrich A ], 2L AT HisTrap FF 1 mL.
HisTrap Desalting 5 mL . AKTA purifier f£ [ 2fifk &
i H GE / w5 Mini Trans-blot 2 TH5E{Y I A
Bio-Rad A F .
1.3 HEEEWMIFSFRIX

T F Ak pET21b-BSHc A1 pET21b-BSHp
SraEAb A BL2U(DE3) ikt 1kik . HAR KN
TRy FAFRIA B REEF T 5 mL & 100 pg/mL &
EHEE N Luria-Bertani (LB)#gE 7, 37 °C.
180 r/min PR IR, FHELUAREE 1:100 /9 o]
HHF 25 mL 1% 100 pg/mL 20 R R R W LB BigE
Frf, JiFRE ODgoo {4 0.6-0.8 if, A IPTG &
2k FEN 1 mmol/L, 37 °C ., 180 r/min &% 55 3 h,
BLOWER MR DINE, #AFRIL 10:1 A PBS ZZ
W (pH 7.5), EAIFANE, 244 °C. 10 000xg &
O 10 min, 235k BV FITORE, SDS-PAGE HiJK
ST FIRIBTE
1.4 SDS-PAGE #A Western blot

B & A7 4 K ik JiRL pET21b-BSHc |
PET21b-BSHp K& 7 Jiik: pET21b A BL21(DE3)K5 5+
IR 2P IR A U T SDS-PAGE ik, SRH 12%
TR SRR, HUKIE I T s i gy
@, SERIBEN . ARG A& A KA
Mini Trans-blot 2} T4 E{VE6EI & PVDF i |, 4
PERR . B 5 1:1 000 FRERY anti-His B4R 0
15 1:5 000 # B HRP Fric i Eht R P v 5

bii R C SIETEPE
1.5 EHHEHMAWL

¥ HisTrap FF 1 mL Fi3E &7 AKTA
purifier 1 4ifb Z40, KIKHEA 10 mL 20% £, B
Y5 . #lisK 0 Loading buffer (10 mmol/L Bkms |
300 mmol/L NaCl., 50 mmol/L Na;HPO,4, pH 7.0)H
FIEVEFPP AT FB TRTTIE L A5 A H B8 0
JE B IEWGEAT 0.45 pm JEEIDYE , SR AR A4ifb R
4 3 SRJG %A 15 mL Washing buffer (60 mmol/L B ,
300 mmol/L NaCl, 50 mmol/L Na;HPO,4, 10%H7Ji,
pH 7.0); i A 5 mL Elution buffer (300 mmol/L Bk
M, 300 mmol/L NaCl, 50 mmol/L Na,HPO., 10%
H, pH 7.0) AT EE VRN . AR S8 S B
LV PRI E A . XTIE A E At
PR AL BR, 4 50+ HisTrap Desalting 5 mL i
FEERER AL R G H, %A 25 mL Dialyzing buffer
(50 mmol/L Na;HPO,4, 10%Hii, pH 7.0), #XJ5hn
A RIS ) FRR B IV, FR AR SR A S Bl 4
Wi, SDS-PAGE Hi ¥k [ 4l bR
1.6 BSH figigF hillE

BSH it 7 5 J7 12 18 Wang %5053,
BPHL 178 uL 0.1 mol/L PBS 2% #hifk (pH 6.0), JmA
100 mmol/L BSH i f# i< 10 pL. 1 mol/L DTT
2 ub. 1 pg/ul BSH & 4lifbia ik 10 pL, #R%iR
A)J5 B 37 °C KIS 30 ming B 50 pl 2 )W &
A 50 pL 15% =@ LR IR S A kv, il
10 000xg #5.0> 5 min, 75 7 A i 2 0 o il
FN K 50 pl A 950 pL i =R Gl (A T
0.5 mol/L FriEmRENERZE M pH 5.5 [ 1%Ef — [
250 pL, i 600 pL, 0.5 mol/L Frismeihh S ik
100 uL), #/K¥E 14 min J5 & F kKR E 3 min,
ZEI NHEE 5 min, JI%E ODszo WOGIH .
1.7 E§ZEzh HZEFRE a4 6

7R EEE S E L AR, BSH BRIV
Ay HIEE A 10, 20, 40, 60, 80, 100 mmol/L, il
SE BSH ME# VY ODszo OGAE, %57 ODszo
W OEAE A BSH B f IS BE i br e 26, e 245
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ST Origin ZF Hill T FRHFSEAR R Vinax Fl Ky
HH.
1.8 REX BSH figiE AR

FERRE S E R, BEARICY) GCA RIR
Gy BT 25, 30, 35, 40, 42, 45, 50, 55,
60 °C 7K EA P SN , MR ODszo MOEAE, %
S AN T 52 0 ik P o} TG T RS
1.9 pH{EX BSH E8i& H 8IS0

FERRE S e R, SRR GCA R
REW T PBS ZErh ) pH {E2 1 30E h 3.0, 3.4,
4.0, 44,50, 54, 60, 65, 7.0, 75, 8.0, #fT
MR SN, MAE ODs7o WOGAH , %8R8 SN 22 il A
[vi] pH {ELX G 77 2
1.10 £REBEFxf BSH BEE I

TEREE T8 S AR, 1 ek BSH & RS 4y
54 J8£L KCl. MgSO.. MnSO,. Na,SO4. MnCl,.
ZnS0O4. ZnCly. CuCly, CuSO4. MgCl,. FeCls.
CaCl,, KIiR2))5 37 °C /KIBIN 30 min, SOV
W4 8 B LM 10 mmol/L, SR AR S
Y1 GCA HEATHEERRIN , [FIB LAAS TR N4 R (4 1
RSN X BR, I5E ODszo MOGAE., LIAESINA:
JRELRAIBEIE T8 100%, 4R X EEE J1 A9 E
G123 (%) =100 (AN 5 i 2 Jif ek A g 08 3 P (%
T4 J R A TG XA ON G 4 T R A i S
SERME, TR 53 K N R 4 e X
15 7 HR S o

2 HR54H
21 BSHE#Z&FkIEEEAMEHER

BSHc LK Bk 975 bp, 4t 324 aa, 4> T
K/NZySy 37 kD; BSHp JERHKCEE, 951 bp, Fifid
316 aa, Zr T A/ 35 kD, BSHc F1 BSHp 4t
N BHE R Fek 8k pET21b fhaik K alifbr=4)
25 SDS-PAGE HLIK 7 Hr4h RNl 1A (BSHc) FII4l 1B
(BSHp)Fi /%, 45 /R N3k R F BER 36k R
FRHE A5 anti-His FL.yTE1 7119 Western blot £l 45
/R BSHe F1 BSHp 7EAHR {7 B 5 anti-His #t

YU B B — 45 (B 1C), 45 RAER#E4HF His
PR MFR R TR/ N S T —20,
2.2 BSH KkEARFBEEYMEEFEH HZENE
ERE S

Ay 5I5E T BSHe #il BSHp Xf 6 FhfHELEY)
GCA. GDCA. GCDCA. TCA. TDCA. TCDCA
MBS T, I AR YR B BB 30 1
HERNZR , AR Origin 24 Hill J5FE AR AT Vina
K BUA, TR NR 1R 45R B8, BSHc
H1 BSHp X H 245 A NHER A9 /K A 0% 1 25 3 2R 1k
i A IREL; BSHe X H 2445 A MR i /K i 350R B
BSHp
2.3 BEX BSH BSiE IS

TRLEEXT BSHe i1 BSHp kI o7 520 A i 45 R
WKl 2 firos . 451 8%, BSHe 7EIRE AT 35-50 °C
Z Al S AR, 45 °C AT ; T BSHp
FEIRPEA T 35-45 °C Z [AIAS S J1 48R, 42 °C 1}
KB R = o 7E 3555 °C Z i), ik 42 °C B BSHc
1 BSHp BREG 1 TG E 25, MH R BSHe
(RS T8 BSHp, Rl /& 7E 45 °C B & Z 578
X BERE TR AIE N TR B S T
XGUE BSH FEULIREE T v] & 5 = G () A
2.4 pH {EX} BSH E§iE 18I M0

pH {ELXT BSHc 1 BSHp G 77521 it 22 45
Kl 3 s . 455 8K, BSHe 7E pH {4 T 4.0-7.0
2 [N %, pH 6.0 IS i ; BSHp [H]
FELE pH (EAT 4.0-7.0 Z[A]AEEE F1555, pH 5.4
BTG ) 85 e o S5 AR TE pH (B R 4.0-7.0 I B IR
FREE R BSHe £l BSHp #4 AT {3545 2 O G 7
25 ZBETFX BSH EEE RN

S AN RN 4 TR B T BSH B 1)
O, ARG R A Na'™, K, Cu®* Mg™ ., Mn**,
Zn** | Fe*" . Ca’'fi) 14 P4 Jm £h U N 2 N T
o, SIS RSN A JE R S U T R
AR &8 & X BSH BE Jinl &%, e
ZERANGR 2 PR, 5 ER, & Cu®t. Fe®, Mn?*
1 Zn?* 4 JBEL % BSHe F1 BSHp HIMiE J1 3 HA
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Bl 1 BSH FE#Fkik. &i{k K Western blot 55
Figure 1 Prokaryotic expression, product purification and Western blot of BSH
TE: A: BSHc BERFRIARALLLR. M: 1 Marker; 1-4: RREIGEBCRE hroaif™; 5. HEMNEZYHR; 6-9: F%
J& 3. 4. 5. 6 h MANRZRIK. B: BSHp JLEZA RALLEER. M: & Marker; 1. FATZLETIOREY); 2: SIS
fi; 3-6: VBT 3. 4. 5. 6 h INAHRZIA; 7-10: AFPEBICRS H 4L ). C: Western blot £S5, M1: Hit Marker;

1. pET21b; 2: BSHc; 3: BSHp.

Note: A: Prokaryotic expression and product purification of BSHc. M: Protein marker; 1-4: Purified products in different elution collection
tubes; 5: Bacterial lysate before induction; 6-9: Bacterial lysates at 3, 4, 5, 6 h after induction. B: Prokaryotic expression and product
purification of BSHp. M: Protein Marker; 1: Bacterial lysate for purification; 2: Bacterial lysate before induction; 3—-6: Bacterial lysates at 3,
4, 5, 6 h after induction; 7-10: Purified products in different elution collection tubes. C: Detection result of Western blot. M1: Pre-stained
protein marker; 1: pET21b; 2: BSHc; 3: BSHp.
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#* 1 BSHKBAREBRKYHEEFEHF

M RE 25 R
Table 1 Kinetics of BSH for different substrates of
bile salts
ey Vimax (Lmol/(min-mg)) Km (mmol/L)
Substrate BSHc BSHp BSHc  BSHp
GCA 118.95 91.30 41.62 35.72
GDCA 115.06 80.86 40.29 30.82
GCDCA 95.99 63.89 39.32 46.89
TCA 41.05 52.59 61.35 52.97
TDCA 39.32 46.30 57.72 68.34
TCDCA 46.42 27.47 37.61 59.52
1.2
——BSHc
1.0 —o—BSHp
0.8
U 0.6
%
0.4
0.2
0.0

25 30 35 40 42 45 50 55 60
Temperature (°C)

E 2 BEX BSH ESEHRIEMN
Figure 2 Effect of temperature on BSH activity

1.2 ——BSHc

——BSH
1.0 P

0.8

ODS7()

0.6

0.4

0.2

0.0
30 34 40 44 50 54 6.0 65 7.0 7.5 8.0
pH

3 pH {EXRERIKERERIERE /15200
Figure 3 Effect of pH on BSH activity

®2 FRERALSY BSH BEHHIEM

Table 2 Effect of different metal ion compounds on
BSH activity

EEEN BSHc 4l BSHp il %
Compound Inhibition of BSHc (%)  Inhibition of BSHp (%)
KlO; 89.89 78.51
CuCl, 89.72 76.69
CuSO, 89.08 77.52
FeCls 75.81 50.91
MnSO4 36.89 23.31
ZnSO4 35.92 42.64
MnCl, 29.05 17.85
ZnCl, 22.01 23.64
MgSO4 11.08 —4.46
KClI 9.06 —-13.72
Kl —1.46 61.65
Na,SO4 -1.78 —21.82
MgCl, -3.32 -0.17
CaCl; —8.82 46.94

N IRIRREE BIMRIVE T, B Cu® i Fe* Sk
P A Nat. K'Y Mg® il Ca®" 4@ hxf
BSHc 1 BSHp g 1 (a4 AR R s s e il
YERT, 1B HAN, i KIOs X BSHe I BSHp MG
1 BAMEI/E iR, K1 AT CaCly X BSHp it 711
HABGRMIIHIER . 255837~ BSHe F1 BSHp 7£
154 B B A AR FH A R 1 07 2 TRIAFAE 22 57
3 i

FEMERGAEE T, feigs W BSH M9y
AR AR B AER , SRR ) S S S A R AU
RS ARTC/EZ MU % E T BSH 1
B PRI L m P R A T T gl 210 piseids
K, FUFFRESEHE A ] DL gats 1-4 F#h BSH filf, H
K 5 A 316-338 aa Z[A], AN[F] BSH A G
I R 5 TRIAE7E 225 25 50 A ) RS D 7L
FFERTFIRE IR B R FLAT 1R RHUY) BSH BE[H i 7355
Falifb) oA AR, 25 Rt R Wik BSH 78
PRI . JREE . pH R A R

ARG 3 HIME T BSHe F1 BSHp Xf 6 FifiHER
YIS 71, R Origin #44: Hill 7 B+ AH 0
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TR IR AR SR, NI REAS TR S
it P 1 PO 285 T L B P A R s, e
JEEH) 55 it 2 ) %) T ) 355 1 9 2K

TERG OB ARZ HIREE A pH (YRR EER
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O IR A pH R4 514 40 °C il 6.0; Wang 25
Xof e LA TR BSH 1l o 45 SR 7R dpcidk 1 B2 FH pH 43
5 41 °C 1 5.5, A% BSHe Fl BSHp I 15
HAHRIR A5 2R, BSHe 7EIR 3 40 °C. pH 6.0 B i
J145 7 s BSHp TEIREE 30 °C . pH 7.0 BT J748 5 ;
MAER ) 50 °C Sk T 30 °C. pH T 9.0 &%
KT 3.0 2514 F RS 1 2URIREAIR

FIF BSH e A1 848 2SR [ R4 gty
RHEMEE/ERAR, %% BSH 5% 5 Ak E
ARG AR, B BRI,
FE/NRP R R Tk BSH e oy HEEEE 1 ] B 25
/N BT | L3 R T A LA R A S — R )
Sl Brid ik BSH SRR SN, @i
BSH i i e AGPs Bt e H i — MFoe i
AWM T AGPs TR E R 7B BSH &,
WML ABMEES SIRIAE AL, fEitihiE
HIREFHAKE, Mkl es, PR i vk
BSH i B AGPs B A4k HAy g i (M,
AIRILER BN, 54 Cu®™ . Fe*. Mn® Ml Zn* 11
@Rt BSH WG 114 HA R R EE I vE A
RIS Cu” M Fe IR Heoi s e prsTfaE
WL e B EoR, A
HZGWTHE RGNS BSH IR ik, AEF
FHI AGPs WIPUFRER | I se VDI 5w 4 HAT 35Uy
() BSH 4MHIRCR, ifi H—2858 it BSH il 0] dne
W | CAPE b see ok,

FIT, 3o 10 % BSHe HEAT T AL #a g™,
Xt BSH SCHsdil s & e pLi s wAe i1
t, RIS BSH Ml kg r A K, w)
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