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fle 35 7K % B (bile salt hydrolase, EC3.5.1.24, BSH)A3t3uit1b % R404=f5 5 BL (polyunsaturated fatty
acids, PUFAs) X 2 E¥1. M EZF. BES A KL £ F 2 %0 BSH A LIS T AW T2
. AL ELBRT BEDFAE ZIEREG B add], AHA B RARTREAE. BSH 4%
fiF BT R4y s 6 A2 7+ BR (bile acids, BAs), /&8 K4 /R 6980k, BAs &9 %f¢ = 4l it BR L B2 BR
(deoxycholic acid, DCA)#=%& 2 (lithocholic acid, LCA)&E#% i@ T ARIE Tl 8%k B E X =K
(farnesoid X receptor, FXR). s % = AK4¥ 48 (small heterodimer partner, SHP)Z I JE X AR (liver X
receptor, LXR)% 15 T84 at 474z, ILdtfe ] 874415 B ) BAs 354k, stoh, BSH E4e#:did T
i B B2 P UAF 45 4-%& & lc (sterol regulatory element binding protein 1c, SREBP-1c). _E8 5"-I% 3
BRI E & B M o (5'-AMP activated protein kinase, AMPKo)Aeid B b4y B4R 38 74 4 & 2 AR
o (peroxisome proliferator-activated receptor a, PPAR«)7 4| A8 /it &~ A, #8749 4% . PUFAs +
WAL A AL 5 A& R8T BR, 4w 2k %E T ok BR (conjugated linoleic acid, CLA)#= 3t 3 I fk BR
(conjugated linolenic acid, CLNA), CLA/CLNA #8423t AR = & 5% Z (leptin, LP), #7744k,
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Abstract: Lactic acid bacteria are a representative probiotic in human intestine that affect host lipid
metabolism, which is closely related with the production of bile salt hydrolase (EC3.5.1.24, BSH) and the
conjugate conversion of polyunsaturated fatty acids (PUFAs). The production of BSH and conjugated fatty
acids is influenced by strain differences, flora distribution, and dietary differences. This paper focuses on
the mechanism of BSH and conjugated fatty acids in regulating the host lipid metabolism, in order to
provide reference for further research. BSH can degrade bile acids (BAs) secreted by liver and reduce
the absorption of lipids. The degradation products of BAs, deoxycholic acid and lithocholic acid, can
promote cholesterol transport and conversion to BAs through signaling pathways such as farnesoid X
receptor, small heterodimer partner and liver X receptor. Additionally, BSH can also inhibit lipid
synthesis and promote lipid decomposition by down-regulating sterol regulatory element binding protein
Ic, up-regulating 5'-AMP activated protein kinase and peroxisome proliferator-activated receptor o
(PPARa). PUFAs can be converted into conjugated fatty acids by lactic acid bacteria, such as conjugated
linoleic acid (CLA) and conjugated linolenic acid (CLNA). CLA/CLNA boosts the production of leptin
in the body, suppresses appetite and promotes energy consumption. Moreover, CLA/CLNA can promote
the oxidative decomposition of human lipids by activating PPARa. Lactic acid bacteria modulate the
host lipid metabolism through the above-mentioned multiple pathways, which is of great significance for

the in-depth understanding of its regulatory mechanism and clinical application.

Keywords: lactic acid bacteria; bile salt hydrolase; conjugated fatty acids; lipid metabolism; molecular
mechanism
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B s R AE Y LB vl Lo i Z R0 KXt salivariug!™ | 3% Bk B (Enterococcus

fi EARAB Ao, Horh, il i IH ER 7K i ity
(bile salt hydrolase, EC3.5.1.24, BSH)f#;=4:¢
Ko X Ji £ v 22 AN F1 g W7 B2 (polyunsaturated
fatty acids, PUFAs)ILHufE L0 A I Hi g
iR =2 Bz o, X g AR Jt
HU . BSH REWS AR A3 1 B9 BT 2 (bile
acids, BAs), #ETTREARALIANR [ K s 5 A0 TH
PR ™), 5 FLRE A% 3 2o 400 A P i 5 11 B B
FIAE HE G 5 43 A o 5% ma LA g AR, et g
U5 TR RE A% 3 ok i 1 AR N IR DT IR G L fe ik
Je 05 R AL 20 . 7 1B B BT AR R ke 5 B4 g
RO AR, T AR BSH KL ig
MR Mo s 3R, AR T BSH &3t
HoRB Wy ) 1 BRS04 Lk, i —
AN E NN DGR B AT T B A A, LU
hy FL R T L T AR A A 4 B 2 ny g
Mtk o

1 ABEBSHHW =4

1.1 BSH @&/t

JEE: K R EEBSH)E T N i 5% 4% (Ntn) /K f#
M, BSH TE N s P 2 RIS A AZ O
MHA oppe 251, HRETHIHFFE D] BSH M
PN, T 4 A7 7E e 55 #UFT T (Bacteroides
fragilis). #MHIF B (Bacteroides wulgatus), 7=,
e I #2 B (Clostridium perfringens) . 4% 41 Jitg
B AR T (Listeria mono-cytogenes) . FLAT
i (Lactobacillus) 1 X 1 #F B (Bifidobacterium)
Ht2l BSH A [R) b B X dsf A FHE R A4 20 A1 4 P
AE . AWFFEXEER 11 A EFOR A E A
FEorHT, LA BL 591 Fp BSH R, H)ET 117 4
J& 447 TR BB HA, KET BSHA T4
B 52 80, AUHRIE TR A K BUECF 1 (B.
longum)™ | 1 V5% A 7L FF B (Ligilactobacillus

W

faecalis'! | = K ¥ H ® (C.
perfringens)!'®! Z & # (B.
thetaiotaomicron)!'” 1 /)N 7¢ B B 7 K &
(Christensenella minuta)!'™'H 6 Ff BSH =423 ]
ik, RZEF, FLREZE 4 BSH I E S
Fifr, B AR ) BSH BEZEE 5 Hh 4% 12 A
TER, Hoxdieriamarscs )z,
1.2 BSH XJ#L4A BB [E B2 H L IR R T &78Y
A

N I [ s 2 T 8 B T g 8 X)L [
BRI PR A DL ] 5 S b R [ e 3 A P T
A R R RN 2K [ sk L T S 52 BSH
RENS IR RS IR BAs, o JIH R 2 A 70 £k
WS AR P IR B BE T AE B AR —E R, 28k
AR RV A O JIE SR 77 3 o AR g B A 3
B A T BAs BIMERT, AR UAE) BAs
1) FEAAIE A NG GBI RR(E 1), 4568
JUEL by PR ST 3 A T 9 B AR S P SR TS, X
JE 0 I3 %) 15 T R A B A 43 AL H R T e 1 3
fife AL 5 T A 21 £ e AR e % R A R
R AL B B REE , SEmA e R &E T, W
56 SN BRTE /N H A Ry AL TR R 6% 38 1o
lKls . KA Z [ R mTSK 0, AR iR 28
FEIE R, fEdFlie 2 AR s mE . wihs . Tl — g
QX FH 1 R 4 B G s %) IS8 i i 2 1 — R B L
PEHORE , E JIE 1 /N iz L Rz 240 e R A O S A 1
NPCIL1 WVERT . FLEEHCKL /N b Bz 40 i
Zoh B R G s E P A A AR A &
Yy e L[] e 1) WA AR 5 R A 2 R HC At £
BA AR P W5 R )
FASER24, g T LR B & A 1) BSH BB 25 &
AR R K At 7 A Ui 25 MR R P PR (] 1),
Ui 2 P REL T TR 2 0 A i A R B Y T2 I A MR PR
(deoxycholic acid, DCA)#FI 471 JH g (lithocholic
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acid, LCA), f#ZMMAITIRFLILBE IFEAK, B (chenodeoxycholic acid, CDCA)MY ELfi1**!, BSH
RAHERAZE PR PV 1), [, 2LER FZRERE W CYPTAL MRk, FEUERRTTAR Y
14 BSH RE % B AU B R/ N R Aot A G s wi g IBy iR 45 JHER (cholic acid,
1 NPCIL1 (Niemann-pick C1 like DI FE™!,  CA), PIK CDCA 54-RERR el H & FRES & T
PG A, R EIREACA N BRI AR S5EAMRTRR, G H 2R (glycocholic acid,
I HE GCA) . #§ % %4 JH R (glycochenodeoxycholic
Fihh, RHE SR AT R A= & B A R4 acid, GCDCA) ., 2f-fif lH i (taurocholic acid, TCA)
KZ) 30%—40% 1) JH [ B e S i ol A as AIZR G 25 4 I BR (taurochenodeoxycholic acid,
REAL IR R, HobRHE R 7o-324LEE  TCDCA), FHEuHBfr7efngerh, i & b Tk
(cholesterol 7a-hydroxylase, CYP7Al)EZeMik  A(HAHIHBEN A 2 A=, #F RIS & S MRV IR
7o bR R B, S M 270- 52 4L B (sterol 2 B B R B PE D). kY
27a-hydroxylase, CYP27A1)EH —EH K  90%—95% M AH R 1 1 9t sh i B k19
P, S5 120-F240 i (sterol 120-hydroxylase, s A IFEIR, WE ek, Rl
CYPSBI1) W] 4% il & 5 i A0 B2 AN # 25 S M iR ZE[Ua g, DA4EREARY MRS, fe4

/N Small intestine IH#EGall bladder
e T
! 1 A [ s :
I Chnlactaral fonm manl 1 THEEI 45 E .
. FLBR VAL e y  HDEHET(CL JIEL VI B \
! Chylomicrons i : Cholesterol Fatty acids |

|

Bl 1 FLESERE LK AR EG(BSH) X 1E 3 AB EI B (L MU R ma ALkl 24 BSH: JHER/K i ; NPCILI:
HETE /N b B A o B B s CYPTAL: AHIEIEE 7o-R2fEME; BAs: AHITHR; DCA: BHFRRI %A
fEMR; LCA: fifHER; TCA: FMEHMR; GCA: HZMHAR; TCDCA: ks LA HMR; GCDCA: #
AR ; CA: JHER; CDCA: #§LHAHMR

Figure 1 Effects of bile salt hydrolase (BSH) of lactic acid bacteria on host digestion and absorption of
cholesterol™?*. BSH: Bile salt hydrolase; NPCIL1: Niemann-pick C1 like 1; CYP7Al: Cholesterol
7Ta-hydroxylase; BAs: Bile acids; DCA: Deoxycholic acid; LCA: Lithocholic acid; TCA: Taurocholic acid;

GCA: Glycocholic acid; TCDCA: Taurochenodeoxycholic acid; GCDCA: Glycochenodeoxycholic acid; CA:
Cholic acid; CDCA: Chenodeoxycholic acid.
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JIH, 0 4% 9% T R RS R HE 4, X
Wk L 1 I DA Sk B 4 AR 1 BT R T 7
AR, R [ ] BE R Y 5 A SR A P R [
Hett iy 248 . SRAMELIR T BSH w4
Bl 1 25 05 v il e MRV R HE e m B, ki A A
R NN T L 8 s B A e N [ R N B 2N )
B>, bah, B0 RE E RS 43 B s i Ak i
K, KL, HE2MRHTERHE, Mok Em
O TP AT i A It 3 B0
1.3 ®MWZ.EEE BSH =4 ME R

AR 22 S S AE IR R O R e LR TR
BSH A (I E B 2R, FB 43 LI 1l i 43 14 1Y)
TG A Rk R BSH A IR, ©15
FIJTZ AR AN Hou %545 M Al FG L AT B (L.
delbrueckii) fit # T %% 2& fi & 0[5 EE (total
cholesterol, TC)#I & H T2 (total bile acids,
TBAYWHEH , ML TC IS B RS 8 11 A [
(low density lipoprotein cholesterol, LDL-C)AYJ %
ALY R, AaE R, RERLAT
P (Lactobacillus) . XUE#T I (Bifidobacterium)Ffi
2, A KOBUEAT I (B, longum)®?) | IR A
L4 (Ligilactobacillus salivarius)!'®!, H##l,
FE#F T (Lactiplantibacillus plantarum)®* 41 % fjt
[ FL#F % (Limosilactobacillus reuteri)Zg B43314)
WA BSH 16 PEwr, RBfS B R IMEIR R4 TC
F/ECH M =R A AR, BA
e T 1 BSH B LR TR B 0 iR A 8 815 4
A REANIR], 4N Zhang 45 0T 5E R BT W FLAT A
YRL577 i@l TEFLAF @ X11 HHEAKR K
BSH &%, HTEFLAF® YRL577 WAL T
JHF I s R R R, IR T RR BARE,
AT EEFLAT B X 11 IR R R B FERERD, X
FhESAREEHR THEERKEERITE, KE
AT AN 23 51 o T8 A R Rl A BT 25 5 g
FLERTE BSH ik S & 1EPY, Jia % R T4

fild k£ (ketogenetic diet, KD) ., & #IX & (baseline
diet, BD). i IX & (overfeeding diet, OFD),
A IR E (underfeeding diet, UFD)FMEHK K &
(low-carbohydrate diet, LCD)X} A& 718 G 4E 9
g3 BSH B2, 45 REW], KD IKEREMW B
FW4 BSH #9774k, IS8 BSH 7 A1 F 2
B KD 80% MM FEARSE, Al WK o
Xof LR T 0 A K B K BSH 77 A= 5 g 07
B2t Re il A& PUFAs 2L IR T A 1 52 0 A /]
24, PUFAs sEWAFLIR A BSH 1Y/=4:, EHA
FERERRE R EZR A, AR, Mt
Jiif PUFAs TR, FLARE BSH &M
W& TETESSR, XTI A TE SE AL IR [
i 107 P 2 AT 5 AR A MO
1.4 ZLEGE BSH 20078 A0 2 FHLH|
FLIR T8 BSH RE % 52 il 15 3 JIH [#6 15 0 i 15 TR
FRBIHE a8 % M G BE N 205 . BSH UK fi# BAs
77 ) LCA , DCA FE2x s Wi 2 AT R AL A
JEZ& X Z /K (farnesoid X receptor, FXR)fi5 514
T, EAWFIEN, FXR IGVERERE T R/N T
T RAKA4B (small heterodimer partner, SHP), Ff
i it PR CYPTAL SR R 5 AR AR
SHP T A& #E Ik X 3Z & (liver X receptor, LXR)
WO, R B SRR A S I E A G5
#1 G8 (ATP-binding cassette subfamily G5/G8,
ABCG5/GS), fit i /IE [ Bt iz ) JIE 7 e -4
2). WA, Huang 55 5% FIEAE K 148 18 W5 I
(nonalcoholic fatty liver disease, NAFLD) HepG2
MBS S Frds b, T REFLAF R pWQHO1 e
PIFLFF R AR113 Hgis L) BSH RES IR
M TC & BB 3-8 5E-3- 1 AL Bk CoA
A JEU i (3-hydroxy-3-methyl glutaryl coenzyme A
reductase, EC1.1.1.34, HMG-CoA)Kik, it
T FEAR 20 TC 75 4t ; BSH 0 AEHS AR5 58
I EEPE T oSS &8 1c (sterol regulatory
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! | L/ABCGS)S
R RETER DCA LCA ; ‘
Secondary BAs i JIEL Y+ AL ] s

1 ]
]
, :
——# CDCA<LCA<DCA<CA : Biliary CH !
]
: BAs '
]
\

JH- 2 ifiHepatocyte

2 FBEEEHKEEGSH)MEEEREEm S FIE -2 BSH: MHEKERE; BAs: TR,
DCA: JHIT MM AR ; LCA: fiHMR; TCA: FRifHAR; GCA: HZAMMR; TCDCA: ARk LA
M2; GCDCA: #ELAMIR; CA: HER; CDCA: #8EAMM; SREBP-lc: [HFHTTILIFLSAEN 1c;
ACC: Zt-CoA SR AL ; FAS: NENHIR & AU ; HMG-CoA : 3-¥53E-3-H JL- 1 Bk CoA ¥R J5fif ; CYP7AL:
HEERE 7o-2 0 s FXR: 583 X 2K SHP: /p “RIRMEA; LXR: AFE X Z1K; ABCGS5/GS:
SRR IRAT S5 G 5 T GS R G8; AMPKa: 5-JR T SRS ER IS 85 1S o5 PPARa: 1t ALY IA
SIS 2K @

Figure 2 Molecular mechanism of effect of bile salt hydrolase (BSH) from lactic acid bacteria on host lipid
metabolism!*'****. BSH: Bile salt hydrolase; BAs: Bile acids; DCA: Deoxycholic acid; LCA: Lithocholic
acid; TCA: Taurocholic acid; GCA: Glycocholic acid; TCDCA: Taurochenodeoxycholic acid; GCDCA:
Glycochenodeoxycholic acid; CA: Cholic acid; CDCA: Chenodeoxycholic acid; SREBP-1c: Sterol regulatory
element binding protein 1c; ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase; HMG-CoA:
3-hydroxy-3-methyl glutaryl coenzyme A reductase; CYP7A1: Cholesterol 7a-hydroxylase; FXR: Farnesoid
X receptor; SHP: Small heterodimer partner; LXR: Liver X receptor; ABCGS5/G8: ATP-binding cassette
subfamily G5/G8; AMPKa: 5-AMP activated protein kinaseo; PPARa: Peroxisome proliferator-activated
receptor a.
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element binding protein lc, SREBP-Ic) 3%
ik, AR AR AR G B £ BE-CoA R ALl
(acetyl-CoA carboxylase, ACC)FIJg i g & ik,
fiti (fatty acid synthase, FAS)HYZik FiHUI(&l
2). 74k, BSH RERAL i g B i ik A2 i 5'-fit
T HLE IR WS B A o (5-AMP activated
protein kinase o, AMPKo) il 48 A4 Py il {4 184 7
YIEG sZ K o (peroxisome proliferator-activated
receptor o, PPARa)FJFEIL T E FFH(E 2), B8R
SRR g, AR DT A A . Tl =R
Oy, RREE R BRI ERA AR,
1.5 SLESE BSH N AEEXE

1 N FLIR TR BSH X1 32 RE A Qi 5% i 52 1]
JIZINAL, {H BSH 36 PR A 34 it 2547 R I e Y
AFIFZ o 5 BSH W FE A Ry 237 A R AR 4
G BAs, XAAEa BRI ICA RITF51 %
VGO, BSH TGP it 2401 55 45 B i 2
RE . N & R 25 40 T R 46 o e o 7= 1 190,
PRIIG , v A B2 R /=g 3 12 1 BSH 3 AT %67 327 4
AR, REWIL, PHRERN, BEELT
1 LY LR T BSH B 52 BB U8 A 50k B 1 R
R AT E Y, H B T SC T B LR R A
BSH iy 45 i FoR WA SCHGE . T I, fi
HEFLIR A IS B BSH 1Y AR W VR 1E RN R
BLIRFE A RO, i AT R H 2 A 50 i
T, X TG RN HA SR

2 LRI &

2.1 HARBERABRAYRIR

FLIR TA R A% 38 18 Xt AP PUFAs & 5324 %
e LR TR .« FLIR A K R W 7
FEAMW Ceov Csion Cioos Cizov Cisos Cigon
Cis:iaos Cison Cisian Al Cigiao ZENRITER Y,
B PAFTENR TR B SR R, FLIR 23K
ORI X 2238 FR 0, H B G L g 1D R 23

K [EEE, FER SRR BRET, PUFAs 2
A K 28 LR i ffl, DA 2 AE KK,
T Al py b FE 2 AR R SRR R . AR
1% RN B A 7 1R 3K S v ] = 4y, 3k e e i) 4 L
A ZMAERINRE, YU . ishbkistEaife .
Tl AAE . FPHIAEIHE . PRI | e A R
PEE BT A S 254 i R B U 1 P A L A
iR () — I E B RE . /R B B S AR
Fo AR U AR X B 4 UE WA B AR DRI A T,

VTR (0-6) Fl - a- VPR IR (00-3) R JiE 12 o ok
Ui i) 1z PUFAs, W ARDTEIRIIR ., 7L
PR TR XYM R o R PR A T S A AR A, AT
DK H 7 Ak Sy 50 7 9 2 (conjugated  linoleic
acid, CLA)FII:HE IV bR iR (conjugated linolenic
acid, CLNA)P! CLA J&ZFh & f 58 Sl 1
T\ AR BRI PR, CLNA & H A 0 i
M Nk IR IR A BFR, ENTEILR X REE
e STV i PR IV JBR IR A ) 30 I A R A i e ) e ]
. AR AN IR S /N R 1 CLA
AR P A 2 B, T A 7R R R ) B ik
PP CLNA ANFr B0, X3t CLA
FIRR AR F AT RESE 2, H AT R Al
| 28 Fit CLA S fAL7,
2.2 PUFAs ¥1t73 CLA BB EE 12

FLER R AL Wl R " A= CLA Wi ikl &
B4 % 8 CR A A P 2LAF B AKU10092)5,
CLA B A 77 L 58 82 () EAM IR AN I 2R o T
1% S P4 T 2 P 1 0 4 b =B (conjugated  linoleic
hydratase, CLA-HY) . A fbif )5 i (hydroxy fatty
acid dehydrogenase, CLA-DH). ZtZBRMR
i (acetoacetate decarboxylase , CLA-DC) i
Bk - Bk X 54k 1 F1 Ji# (carbon-carbon double bond
saturase , CLA-ER)J&fEfb A i CLA f4) G B il
(K] 3)P%%1 H:rh CLA-HY .CLA-DH #il CLA-DC
TEMEAL ™4 CLA i f2 b AN AT D o AN [m] TR F
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A Tl 1) 3% 35 K OF- 22 5502 1 RGO T R A Ak 7 A=
CLA AR P AE SR, e 2L iR 1R i il 2 P I
TR A 2 2R Ak v FLTE PSR, X
fi SR A 2R ) AT P9 R CLA-HY
SR TE SRR A2 CLA 1R SCHERE ) @1
PIZEERS, PTLARORE CLA WPt s
WAL, 735, FEREZIRREIFA e 2]
AHEILEEZ o B ANk & FUAT A (Ligilactobacillus

3 EMIAAE AKU1009a FHEES#EA CLA BR NHIEP

salivarius)is 4 CLA-DC. CLA-ER Il CLA-HY;
TERY FLFF (L. amylovorus) . 245y LT 56 (L.
johnsonii) . Fi - ZLAF B (L. helveticus)F14 i FLFT
(L. crispatus)f{ E# CLA-DH. CLA-ER #1
CLA-HY (www.genome.jp/kegg). F WL15 = [# i
W53, LA RS R Z (R %) PUFAs 4G5 B
[FIVER 2™ A CLA Wb 4508, S5XHE E 00
REEH WA EBVILR

CLA-HY . 4% i S ;

CLA-DH: A fbif )5 f; CLA-DC: LW LRI FR NG ; CLA-ER : ik -fifk BUBE 1 A1 ; £10,c12-CLA: t10,¢12-
FEHEPIHER ; ¢9,t11-CLA: ¢9,t11-EHE W Ilifg ; t9,t11-CLA; t9,t11-F85 .3 g

Figure 3 Reaction scheme of linoleic acid isomerized to CLA in L. plantarum AKU1009a***"). CLA-HY:
Conjugated linoleic hydratase; CLA-DH: Hydroxy fatty acid dehydrogenase; CLA-DC: Acetoacetate

decarboxylase; CLA-ER: Carbon-carbon double bond saturase; t10,c12-CLA: t10,c12-conjugated linoleic
acid; ¢9,t11-CLA: c9,t11-conjugated linoleic acid; t9,t11-CLA: t9,t11-conjugated linoleic acid.
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2.3 t10,c12-CLA

KW RN, ZLRRE " E CLA I RZ5
AW I T ¢9,t11-CLA F1 t10,¢12-CLA 7
P SRS i t10,c12-CLA SRR NG A1
PR 0%, t10,c12-CLA J& CLA-HY ff
FH G W3 2 A w0 o= (B 3). B AR
22 PRFLERFFIE AT T A, KB 2L R
PP t10,e12-CLA BYRCREAIE], AN k5 3
FFEE (L. salivarius)F1in R FLAF (L. gasseri) Al
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FE, ARUENE B A, S nmiE g, FRAR
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2.4 CLA B&EYIREMK t10,c12-CLA A5
HLHl
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fitt A 55R5 16 2 (CPT2)55 g 1 R AL B I R ik
A] fig {1 I8 Ik A 55 B8 (acyl-carnitine) % 1k 4 A5 Mk
W A (acyl CoA), {RHENSF%fk; PPARa if
AI I JEAH IS {5, 2 P450 4A (cytochrome P450 4A,
CYP4A) KL, HEALNBEFINEIITRAE 0 Fl wl
DRI, TR R AL N 4A), SR

CLA mixture \_ i CPTl/CPTzl Cor T R GPRAO/GPRI20
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4 CLAREA) PS8 K £10,c12-CLA (B) B8 5> FHLH  CLA. JL45ihAe; LP. &
#; FAs: JJENER; UFAs: ANUAIGIGER ; HO-FAs: #IEALIGNTER ; CPT1/2: PATEmUIG LA A ¥ 52
i 1/2; CYP4A: ZHIf5 2 P450 4A; t10,c12-CLA: t10,c12-3L¥EWiliAR; EP3: WiJIR X E %24k 3;
GPR40/120 G: EFBECZIK 40/1205 GLP-1: JEE MBFRFERK 1

Figure 4 The molecular mechanism of lipid-lowering effect of CLA mixture (A)[58’64'65] and monomer
t10,c12-CLA (B)P°l. CLA: Conjugated linoleic acid; LP: Leptin; FAs: Fatty acids; UFAs: Unsaturated fatty
acids; HO-FAs: Hydroxylated fatty acids; CPT1/2: Carnitine acyl-CoA transferase 1/2; CYP4A: Cytochrome
P450 4A; t10,c12-CLA: t10,c12-conjugated linoleic acid; EP3: Prostaglandin E receptor 3; GPR40/120 G:
Protein-coupled receptor 40/120; GLP-1: Glucagon like peptide-1.
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[ 7y AL it 5 75 Elevated products or metabolites
R Py iR £ Reduced products or metabolites

»’__J:H_ZISnE]l intestine

JFFE Liver

FXR ——— A SHP —— > [.XR

-4 Hepatocyte

5 FUEREIEIT A4 BB EL K AREG(BSH), F4BEARER(CLA/CLNA)XTTE E A IS TS 43 F L 12 H4145866-67)
BSH: JHEL/Kf#HAE; CLA: JLHEWVINIR; CLNA: JLHEWLRRER ; PUFAs: ZAMIAINEHIER; NPCILI:
AR /N b B A ORBEEE s CYPTAL: JHIEIEE 7a-21LEE; CDCA: RSFE4EMHER; CA: JHIR;
DCA: JHITERAMAR; LCA: f1HIR; FXR: LB X Z4K; SHP: /N " RIKMHAE; LXR: AFIE
X Z{k; ABCGS/GS: —BERNRTF4E 442811 G5 Ml G8; HMG-CoA: 3-F23E-3-HI3E- 1% i CoA if
J5Ul ; SREBP-1c: [EEA 15 T4 &1 1e; ACC: LME-CoA JRILMEE; FAS: IR & UM ; AMPKa:
5'-R TP LR IR O & 1% o; PPARa: S ELWBHAIFYMOE Z K a; LP: JEEK; CPT1/2: W#H
TR AE LRI G A F Rl 1/2; CYP4A: 4l 3 P450 4A. I [1: PPARa. AMPKa, CYP4A, CPTI,
CPT2. CYP7A1. BSH. LXR, ABCG5/8; F##{&: SREBP-1c, ACC. FAS, HMGCoA. FXR, SHP.
Figure 5 The molecular mechanism of regulation of host lipid metabolism by lactic acid bacteria trough
production of bile salt hydrolase (BSH) and conjugated fatty acids (CLA/CLNA)!*#!1:4438:66-671 'Boy. Bile
salt hydrolase; CLA: Conjugated linoleic acid; CLNA: Conjugated linolenic acid; PUFAs: Polyunsaturated
fatty acids; NPCIL1: Niemann-pick C1 like 1; CYP7Al: Cholesterol 7a-hydroxylase; CDCA:
Chenodeoxycholic acid; CA: Cholic acid; DCA: Deoxycholic acid; LCA: Lithocholic acid; FXR: Farnesoid
X receptor; SHP: Small heterodimer partner; LXR: Liver X receptor; ABCG5/G8: ATP-binding cassette
subfamily G5/G8; HMG-CoA: 3-hydroxy-3-methyl glutaryl coenzyme A reductase; SREBP-1c: Sterol
regulatory element binding protein 1c; ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase; AMPKa:
5'-AMP activated protein kinase; PPARa: Peroxisome proliferator-activated receptor a; LP: Leptin; CPT1/2:
Carnitine acyl-CoA transferase 1/2; CYP4A: Cytochrome P450 4A. Upregulated proteins: PPARa, AMPKa,
CYP4A, CPT1, CPT2, CYP7A1, BSH, LXR, ABCG5/8; Down regulated proteins: SREBP-1c, ACC, FAS,
HMGCoA, FXR, SHP,
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