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FJLHDOM1 iy A % R 35 7K~ AR fofa #e, Horp
LSL_0951 &30t L B 58 DA B iy 114 3R 38 7K -2,
PRIYFUIR 1A 2% 1 A 72 AR Ok 38 T A e i L A
X sl LR B i 188 R AL A oY B T
HPEH

Bl T B FLFF A (Lacticaseibacillus paracasei)
L9(CGMCC No. 9800)4r & B Pl K H % A
Jo PN B A R g TR R T T R R
G fifp ok WOIE R 5 2% A AR 12 78 17 0T Ak o 3 F
g, AT R FLAF A L9 bR 2k R
LPL9_0968 i fE# )\ F R H I B #E LM (9.67~
23.75 1% ), RITA 25 R R A b o A B i
e P4 AR 3 o AR WA S 2 B A, LPL9_0968
s — AR T LiaX ZGERTE A, HATZR G
B AUAE S B BRI Y 3k FE A R BT ALE A &
R R XA REE A SHAERS G
PHHEMLN LiaFSR & 405 | 4 A B5 4544 22 1k, AT
P T 288 g TR TRT A T 245 P 257260 AR S ek ) AR AR
K ABER W03 56 | 50E LPLO_0968 2K (1 7F L9 iR
i B AL A BRI, SRR KRR
F R, 9878 B AR KT 4 el o3 IR £ i SRR | DL 40
JL R SR 1T 7= AR A LAY JE A ARl AR [ B
I3 BT B AU 3T R AR UE % 4% T AR A5 IR AR 41
Z 254G T SN . A SCHRIRF T LiaX
FIE R F TR AR LR A P D Rg LR iR
53 AL P R PRS2

1 MRERE
1.1 R H 5 XER

MRS (Man-Rogosa—Sharpe ) 17 724 LB (Luri-
a—Bertani) 85 F2 35 TR IUE Y RHEAT R A A
AR, E VUM FastPure® bacterium DNA i{
#) & FastPure® EndoFree Plasmid i 77 & T4
DNA JE #2100 &, w5t v METE A= RO A BR
A RESEE:, REE AR RS
Al AR AR AR AU H MR
IR M E N EL 35 E Sigma A F]E. coli DH5a,db
VR PR RS B 5 BRI 9 DD TEER K
HERBHE A,

L 2E LA, 2 [ BIO-RAD ; 44 KR 43 M4,
NanoBrook 90plus, 3% [El Bookhaven ;3 & 5 4714 f
F B R (SU8220) , H AR JEOL,

1.2 EHRMEHE

ARG R R BORL T3 1 b, BT
FUAFE L9 7E MRS }iFefkrh 37 CIRAEH:F%, K
FF DHSa 7 LB 15 72 2 37 °C 200 r/min §iz 5
Bk, AERS IR TR 10 pg/ml 215 Z Tk
AT R FLATF B L9 2878k, WM 100 pg/mL 2K
VM T R B DHSo B 41 BRI 25 . AR
[e] ¢ BE ) A IR M (Ox—bile) A1 8L— 20 73
tHh——F BRI ER (TCA) | A fifd 19 1t 48 1B 6 (TD-
CA) HAMME (GCA) ., HEMBAEMEL (GD-
CA).

R 1 A BT A B R A0 TR

Table 1 Strains and plasmids used in this study

B kA AL 4k FB AR Lk
A%
B F s SLATH L9 FEENE (22]
E.coli DH5« K E & Z S EHAY
LPLY_0968" &) FBsSLAF 1 L9 %9 LPL9_0968 # W % 7% AR e M
LPL9_melA- &) F 8 SLAT 14 89 1.9 89 LPL9_melA % B % 7% [24]
pUCI9EM B A R RS R B B pUCT9 Amp®, Em® [27]
pUC19E0968 pUCI9EM 47 & B A 3] LPL9_0968 AR A &
pUC19EmelA pUCI9EM 4 A X B 571 mleA [24]

1.3 DNA #Z{EHE AR
B T H 519 ¥ 34 primer 5 %31 (%
2) . KM FastPure® bacterium DNA 5 & #2 B A

FEEFLAT I L9 AR 41, R FastPure® End-
oFree Plasmid 12057 & WO M A 18 19 JBOkE 5 >R
Green Taq Mix DNA E-& ) H# DNA 1 B R
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FR 6114 P9 VD E AT DNA Y0 F T4 DNA 3% #2538
P G AT AR BE i . SR BVIK T 55 b v
B E A TR A K AT DHSo™ R JH B 27 FL ik

W 2 OB 5 IR T B LA I LO®, B AT 4L
¥R DNA I (A T 49 T8 ), 7+ A DNA-
MAN A4 %6 0 3 235 S 0547 e X 40 #r

x2 5l¥MF3

Table 2 Sequences of oligonucleotide primers

AR PCR 314 (5°—3") R4 b W B s K E /bp
LPL9_0968-F CTAGTCTAGACAAGCGAAGAGGCGCTGG Xbal 28
LPL9_0968-R CCGGAATTCTCAGAGACTCAATTTGGCC EcoR 1 28
LPLY 2172-F CTAGTCTAGAGACCTCATTACGCTGACCGG Xba'l 30
LPLY9 2172-R CCGGAATTCGGACGAACAATTTTCGAT EcoR 1 27
Em-F CATCAGAGTATGGACAGTTGCGATG 25
LPL9_0968D-R AGAAGAGCCACACAGCTAAGATGAT 25

1.4 REFEHRBE

R ) 05 2 A2 4 B 7 A8 1 LPL9_0968
FLRDIF4d AR I RARK B e B9 LPL9_0968—
F 1 LPL9_0968-R ¥} LPL9_0968 & A P & £
JE 4 400 bp (50~450 bp) 1Y F B AE R 6 U5 %
] Y5 BEWI N 605 Xba T F1 EcoR T FR #1144
IR 25, SRS, A T A5 IR IEUE R B R BT kL
pUCI9E ¥JH Xba 1 F1 EcoR 1 EVI# 42, k%
By Wy R A AR A AT T DHS e, 38 3 2R
TR LRI F A AR, K R IR TS 1% 2 21 Bk
4 A pUCI9E0968 , it Je , Il I H 28 L FE 41
JkL pUCI9E0968 HLFE AR T EFLAF I L9, A
AR pUCI9E0968 TEFLIR I H ok i, frel
R MU E R N N Bl ok U E 45 A
LPL9_0968 JEPR N K, 3 BOZHL PR IE 77 Az 1 98
AR BEA 44 0 LPL9_0968", TE4L 75 & it 245 3 K N
B M LPL9_0968 FEH 4075 N it ¥ (BkK
2396 bp) ,PCR 4" 14 i I J 461 % 8 #RLPL9_0968"
e A NI

[FIEE, R T 98 bR RE 77 v 21 85 28 % 28 A8 bk A bR
Je SRR ER W 30 X6 7= A B S R R T
FLFF B L9 W AR oK FLOWE AT B L B (meld
LPLY_2172) 5 A8 BRAE A 5% B TR B (LPL9_melA™)
1.5 REEEAMBIRXIE

B34k 3 485 9 LPLO_mel A—F1 LPL9_0968-
PEfh T & 40 % 2 MRS WK B 2 3L b B 3% 2
0D =0.6, T H# i F 8 000xg B .L> 4 min, 5 &
A, 3785 27 5 e B A R B T R BB 5 MRS i

PREE I RIS TR VR A AL S gk 22 hE 5% 2
h, 38 A R R AR RS I AT T A, DU i
20 Ry BRC THRE R B0 T BRI A TS R A IR
IR IR R oy K SR RS IR (Ox-
bile ;0% ,0.025% ,0.05% ,0.075% ). ‘F fif 2 IR £
(TCA ;0% ,1.0% ,2.0% ,3.0%) . 4 fiff /iR i 480 AH &
(TDCA ;0% ,0.2% ,0.4% ,0.6% ). H & B H &
(GCA;1.0%,2.0%,3.0%) I H 2 @ i A IR #: (GD-
CA ;0% ,0.025%,0.05% ,0.075% ), Fr k5 & />
WAT 3N ER, B EYEREREYM 3 5
FEARTATIE , B 207 22 70 BT (ANOVA ) K 3T
i BCdiE
1.6 Zeta B{ridiE

Zeta AR IR Giaouris 250 7 i 47 1 5 .
¥ LPL9_melA—F1 LPLY_0968—1F & A 41 75 & i
MRS #5535 12 h, I E K (6 000xg, 10 min, 4
°C), H 1.5 mmol/L ) NaCl ¥ 1 i 44 9 s Jf d =k
F ODugonn=0.3 FHGKRLEE 53 B 400 4t L Zeta
PEUE , T A 2= DI 3 MY ER B
A E R AT 3 R ATIRE (A R
F 25081 (ANOVA) K PEAh Kl
1.7 HA#BE

# LPL9_melA~Fll LPLY_0968 %% 7% 2 ODgypu=
0.6, W H 1A, I 0.85% 1 A= HLER K ¥ % 2 IR,
HETHMEE (04% TDCA) K MRS K 5% 3t rp 55
7% 2 h, BOUCERM, ] 4% —ETE 4 CTF iR
[, FHRZEKPER 3K, RF, WIKH 30%,
50% ,70% ,85% ,95% , 100% (¥ £, B2 13 min,
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6 000xg 0> 5 min, 3 L& , #H 100% & BEE &2
ERERAE 3 R A IV U TR AL (T OB 2 SCI-
ENTZ-10N) % T 10ky , 3% & 3t 3 4 v 7 2 0o
HEAT 13 J7 5 A0 30 J7 5O it
1.8 HEYEEZENH

il i GenBank K KEGG % % & )& X
LPL9_0968 H:[H #4757 53 H7 ; H1 TMHMM  server
v.2.0 T_HA ARG A iy X ;. NCBI
1 Blast T H #4788 H R 5 510 1 4 b, IF 48
MEGA 4, RFABO AR L BB A4 B AF
B, Mg N-J R LR, FIH ClustalX 344 %5
LPL9_0968 AHALEE 17 41 4T LhXF, 43 A7 AR ST
75
1.9 o F3t#E

FI Fl T-TASSER  (https://zhanggroup.org//I —
TASSER/) IR 45 #% %} LPLO_0968 k17 2K 1 = 4k &%
FERA , 7€ PubChem 040 6 v R 245 IR 21 43 1)
SER S DL LPLY_0968 i i 2 [ ok 22 4, 45 IR 46
55y 1 RBL K, i2 H Discovery Studio (DS)
' CDOCKER #EH AT 73 F R4 o 1850 1 XHETF
LEHTHE A DS ' Preparation Protein X & 1 #E47
k., Prepare Ligands XJ FC A7 U0 AL , 047 15 4n
B A Aas AR AR AR A DL % AR i 3D A8
RS, RS HE1E M CDOCKER #EH k1T
XF 4% X B Pose Cluster Radius & 0.5 DL 7 X 2
WA AR RA Z M, KRS HON . 2480
Ll -CDOCKER ENERGY } £, LI -CDOCKER
INTERACTION ENERGY 4, LA Binding Ener-

gy.Ligand Energy %84 2 % AT 45 R o017 .

2 HRS5HW
21 HEYEERESIWER

i GenBank Fil KEGG % B 122 i 43 #r &%
B, BITEEZLFFE L9 LPL9_0968 & [H fir 78 #
NP R L 1 BT s .LPL9_0968 LPL9_0969
1 LPL9_0970 3 A>5E H 4 BL— A>T RE R F1 T4 90
T I HTEZ T. B TMHMM server w.2.0 JE47 5 i
X 38k 43 #7 , 45 5 (& 2),LPL9_0969 A1 LPL9_0970
I3 SRR A 89AA A 11TAA /N iy 5 i [X el 2
F1,LPLO_0968 4% i) 493AA # (A W 58 4 T 41
L AR 3 Blast #F 47 8 P A0 X, kR
LPL9_0968 i i 1 & (1)@ T LiaX 0% M B8 11,
i MEGA 7.0 "##4 Neighorjoining % 1 #4) £ #E 1k
B, RGE LT RAZSHTNE 3 iR, LiaX KGEE
F1 2 A7 78 T I Bk B @ A ZL R A 1 1% 3L AT B8 7 op
(T & ZLAF 1R BT W FLAT i L RS ZL AT 1)
TEFLIR T H iz 8 AR RLURE 53K 93.59% , 17 5 2%

P 493aa 89aa 1llaa

—4_Q—n——

LPL9_0968 LPL9_0969 LPL9_0970

AR s o B R = e B AR ey GG S N SN T R |
RO R,
B 1 LPL9 0968 £ E A TE#R M) F &M E

Fig.1 The structure of the operon where the
LPL9_0968 gene is located.
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Fig.3 Phylogenetic tree of LiaX proteins constructed by Neighorjoining method
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Fig.4 Multiple alignment of LPL9_0968 with LiaX proteins from other Lacticaseibacillus and Enterococcus.
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Jo Bk R Y LiaX 2 A EE L T B 50 o A
WA, @lFmILAFE L9 o LPLO_0968 & 15 2%
Jo Bk W Y LiaX & E ¥ 90 AH LU 53k 61.96%
it ClustalX FFH EE X5 R LB (8] 4),LiaX &
AR HEA — SE B PR AT X8, 2R N s 1~30
JFHNAAFEAE Z A RSP J R AL, IkAh, BE
200~500 J7 51 &b b J& F R <7 S L TR 55 2 1 EB 4y,
o 5 24 R ATk N H 208 (ng) PR SF A 05

HAIZ &R A2 Bk h i 2 5
KACE R P2 MELEIRY, BF5E & B, LiaX 58 (177
7 M4 B S R A0 M B2 A A P FIOIR A, RB IS AR
P AR R U SR LR AR
EAORAS, DTS B AR I A TR R P A
1 HE LPL9_0968 .LPL9_0969 FILPL9_0970
3N JE IR 3R 3k 0 2 1 T g L (R A B — A A i g R
i 2 1, Hodp LPL9_0969 F1 LPL9_0970 %3k 1) 3
P A B 15 B4k 21X 8, LPL9_0968 3 i+ 5 45 i 4
S XS 2 PR L T A M AR R T, A g R
Al LA L9 ZERRER M a T iR TR 3
A B R S KOS 43 31 E 3R 9.67,10.33 4% A1 23.75
fEe Rz REEARA TS S8 T BT
P L9 JIRER Whae et ML
22 RLMEMMERBERE

T WESE LPL9_0968 AH OC 5 [H 76 Bl 1~ /& FL AT
L9 JEER Blkae v g A T R0 P ) 9 S 4 PR A 4
J5 ¥ M LPL9_0968 F: 1M | Hfi A 5k i 98 A% #k
LPL9_0968, il 5 i B ULIK] 5., PCR 914 K J3° 45
RFU B R BR), AR K pUCI9E0968 T
AL AR T B FLAT B L9 3 R 4] LPL9_0968 %
NS AR T R0 TR B A6 i 2
o T a2 FLOM B meld R B Bk
LPLY_mel AVE R Xf BB R . XF 2828 bk LPL9_mel A~
A LPLY_0968-#FA71H & 48 M ER 6 3 55 | 25 4
Kl 6 s . 7E T & 4 %8 0.025% ,0.050% Fil
0.075% R & 4 IHEL & & T ,LPL9_0968 5 [H 58 7%
R )RR ER it 57 6 1 4K F o0 B, Horp B o 8K
0.075% T LPL9_0968 71 % 4.2% , 5 %} 41 4H
FEREAR 10.17 %, A 78 1 35 P 25 5 (P<0.05) . X 3%
B LPL9_0968 L AH 5 Al BT #4) B 11 2% 1 2K 11 7
AT R FLAF I L9 AR ok AL o B AR

P: Em"

PUC19E0968

-,
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LPL9_0969

—pE——
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+— 24kb ——>

T SE Tk R 3 3 T = MIB R, Y ik DNA i B2k
Forn, BB DNA iR, BETLLRMENER S En-F
R I 51 9434 19 PCR ™9 LPL9_0968D-R .
E5 EFRBREARZHRFEME LPLI 0968 £ F
REFEK
Fig.5 Construction of L. paracaser mutant strain
LPL9_0968 based on homologous recombination

single crossover
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Role of LiaX Family Surface Protein LPL9_0968 in Bile Salt Stress Resistance

in Lacticaseibacillus paracasei 1.9

Wang Yanmei, Liu Yongle,

Deng Kai,
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(Changsha University of Science & Technology, School of Food and Bioengineering, Changsha 410114)

Abstract The hypothetical surface protein LPL9_0968 in Lacticaseibacillus paracasei 1.9 was transcriptionally up-regulat-
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ed 9.67—fold under bile salt stress. Through bioinformatics analysis, it was found that LPL9_0968 belongs to the surface
protein of LiaX family, and the sequence similarity with LiaX protein in Enterococcus faecalis is as high as 61.96%,
and there are multiple asparagine—glycine (NG) conserved sites in this family protein. Therefore, in this experiment, an
inactivation mutant of the LPL9_0968 operon gene was constructed. Under 0.075% Ox-bile stress, the bile salt tolerance
of the mutant was reduced by 10 times, indicating that the LiaX family protein is involved in the L9 bile salt stress re-
sistance mechanism. Subsequently, the mutant strain exhibited strong sensitivity to glycine deoxycholate under single—com-
ponent bile salt stress. Under the stress of 3.0% taurocholic acid, 0.4% taurodeoxycholic acid, 2.0% glycocholic acid,
0.075% glycodeoxycholic acid, the survival rate decreased by 1.95, 2.85, 2.05 times and 8.21 times, respectively. Fur-
thermore, the results of Zeta potential experiment and scanning electron microscope showed that the cell membrane po-
tential of the mutant strain increased under bile salt stress, and more severe atrophy appeared. Molecular docking showed
that the surface protein interacted with different components of bile salt. Therefore, LPL9_0968 is likely to sense bile salt
signaling molecules, regulate cell membrane surface proteins, and maintain the stability of cell membranes to improve the
bile salt resistance of strains. This experiment explored the function of the surface proteins of the LiaX family in lactic
acid bacteria for the first time, proved its importance in the bile salt stress resistance of the strain, and laid a theoreti-
cal foundation for the in—depth study of its anti-bile salt mechanism.

Keywords LiaX family surface proteins; lactic acid bacteria; bile salt stress; cell membrane surface stability



