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1% K B W RSLEBR A A5 NPCILI ABCGS5/GS 3 B & ik 3t fm [B] BEAX 35t 64 %5 v 97

SR, I RS IR [0 1 ) LB, Ay 7L IR T 1Y 2 g
J7 B BB AR A

1 MBERE
1.1 RS

SR 5 (T-CHO) W & (U0 2 55 A111-
1-1)  H i =& (TG) Mk & (il i 5 A110-1-
1) e %5 B i 2 1 L s (HDL—C ) I3 & (1t 79) 4
5 A112-1-1) AR%F B2 R 4 FIE [ A (LDL-C) Il
K& A G5 A113-1-1), g 5t & A9 T RE A
FEHT 5/ BB B SRt DR b st BHR B T 1R A FR
) Total RNA #2 MG | KBRIE 4 DNA &
) TB Green ik A ¢ V6 15 S 98 )6 5E &
PCR i, B9 T CR3%E ) A R A 48 KA
B-actin NPCIL1 ABCG5/G8 51%), H T ¥ T
() Bt A BRA T
1.2 UE5E&

SYNERGY H1 #IZ Iy g FL s AL , 55 =
1A BE AL 78 4 FR 2\ 7 ; PowerPac™Basic %! f2 & 2 i
HL KA, FEEMA SR AL AR A BRZA | s Light Cycler 96
RS 9O B PCRAY, & -2 [REE R A R A
) ;Eppendorf 5810R #4 {5 2 /&y i v8 R B3 .0 AL, 12
] AR AR A A5 PR 7] s KG-SX =500 #1373 )
VKRS, A AL HIAERT
1.3 IBESEFE

G R WERIRFLIR R, N 52Tl ARk K2 1A
FhoE 5 HOR G187 A AR AL A T bk e U 1 T
fb 54k, 2 MRS MRS 53k 37 °C 24 h }5 3%,
BB 3 W TR 25

MRS ¥ 524 . AR 10.0 ¢/L, FREZ K
10.0 o/L  EERE R HCY) 5.0 /L -E/K A BEREE 0.5
o/L BiIRE60.25 o/L B R 20 —# 2.0 g/L AT £
i B 2.0 g/ L FRHN 5.0 /L i ZiBE 20.0 /L.
i 9E-80 1.0 mL,pH 6.2~6.4,

JOEL T P 5 9 LTI 0.12 ¢ AR IR 0.24 ¢
FERE Wi R G 0.12 ¢ WK LR 10 mL R 1.2 mL, #8
PR BRI

MRS-CHOL 55 3% %k . |- 34 JIF i P53 55 40 78 3f
JELR (0.2 wm,25 mm) il & 600 mL K B 5 MRS
PRRE I (K NaOH ¥ M pH £ 6.2~64,

1.4 Fik
LA o IR ] 2L A 1 9
LA 11 2 R G E A v i e SR AR 2K — i
P R A 0.05 g SBFE HEE I JE K 2 B 1 0T
SE 4 50.00 mL, FREUH E EE 50.00 mg, K 2 B2 1%
fiff I 25 50.00 mlL, il 75 A0 [ B bm o . A FH vk &
T s 8 UL [T s v R, 745 380 90 S vk B 4303 R 0.00),
0.02,0.04,0.06,0.08,0.10 mg/mL fH [# % T 1F % .
AR S0k SRR BLLL 121 & IR PRV W, 16T
Heid A I 0.50 mlL JIH [ # T 7E &, 0.20 mL 4B
AR H AW ,4.30 mL IR R, # E 30 min J5 0 E
ODsson, BEAH 3 1~ F4T,
1.4.1.2  ZLER A BE NN F EEGE ) A e A0 Ak
PR (10° CFU/mL) LA 5.0% (7 B 40 550) 1 #2% F
LA AE MRS-CHOL ¥ 32 Hrh, 7EH AR L 37 <C
Wit 48 h, DAKRFZEFIFLER A MRS-CHOL H %5
N, Bi5E 48 h J5 , W 0.50 mL B A 4.50 mL JC
KOEEIMA B LE T, #E 10 min,3 000 r/min 2
O 15 min, BBV 0.50 mL AR I 0.20
mlL R G R 4.30 mL, Bl 4 kG FEA . #E
30 min J& T ODssou 000 2 W SGAR, 155 IR [ P i

JIFL [ W R it 2R (% )= (C-A ) /Cx100

A, C—— R W B 55 5519 ODsson 1B T X
o7 () A ] 5 (mg/mL) ;A ——30 58 B R ODssonn
LI XTI A I [ B2 % £ (mg/mlL) o
1.4.2  ZFLIR TR A8 1 I 2 7E MRS 5557 2%
() Al 2 0 pH (A8 2.0,3.0,4.0, TE1LR
B BR (10 CFU/mL) BL 4.0% (7 FLU43%0) 1Y 35 7 &
A FLIR A AR, 5537 3 h 5 AT BOA T B
BRI, 0 i LR BT 179 TS 7 1 BB
1.4.3  FLER i A0 ER A8 0 Al 2 1Ak )S 1 FL IR
B (10" CFU/mL) Pk 4.0% (7R B 53 550) i B2 Fh it 452
Flfe 4= H 3 & B 0.1%,0.2% ,0.3% (J5 & 53 %50 1)
WS, K9 12 h R EAO T E0L e 6 WAL, L
i LR P A i A i 1
144 /NRASHASWFE 36 2 4 Ak ICR Ik
ANE IR 20 g, N 52 K2R S8 sh it 5
ALy o S 50 ) 5 400 D) DR AR ) 7 3 IR 2 O R i 1Y
TAE AR R (23.0+1.0) °C M X IR (50«
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5.0)% , 4EFFROK T B R 18 N PRI SR 7
d, A AMRFAETHE2ZR 0034, AR
P AR S AR 12 HL#E 1),

At B i o E OB s TN, KRR 3
R ZLIR T LA 4.0% 42 Fh 2 2 Fh 2 W 1R MRS 35 5%
e 37 CHiF# 24 h,4 000 r/min &0 10 min,

ALK VRV 3 IR, HAEBEOKERMBEERE
4 10° CFU/mL, #40/NRAEH 9:00-11.00 #H 1
SR 30d,

e AL [T e} U BE Al ARDRE 81.7% R[]
fi 3.0% JBEE 0.3% il 10.0% 5B 5.0% .

1 BANRRFAR
Table 1 Feeding scheme of mice in each group
28 5 B AR -
LB E A % A2 B B AR AR+ K 0.5 mL & & (& & JE 1x10° CFU/mL)
x PR 20 A2 B B 49 Ak 0.5 mL 0.8% % 22 & &
= aU A& a4 K 0.5 mL 0.8% % 2 3 K

145 SERZhPRAE  #EH 10,20,30d, 55
AR FE A ) /N B, AR FERT 12 h W, 0 2 2 AR
Wi A IR KR 1, AR A EDTA-K B 817, 2
JE B L 4 000 r/min 5.0 1 min, 4385 003 o K 0L
HIRFAE-80 °C, fEHI/ N /NG A R
1-80 CLRAEM,

1.4.6  /INERUI 3 B G A s A0 R 7 6 106 B
B, SR B ek Al FH 22 ) AR L ABORS: D ASC) 7 /)N
BRI 37 T 5 JIE [ B (TC) H b =8 (TG ) | 5 % B2
JEHE A HE B (HDL-C) ., Ik %5 5 5 & A H &
(LDL-C) & &,

1.4.7 NPCILI ABCG5/G8 & H A1 %F 4% 3k 1= A9 I

5E i F RNAiso Plus $2 B/ i 40 il 5 RNA, U
S LV B e B |l L BRI 4 DNA R 5t
A S A  cDNA, DL B-actin & F I KA
SE H AR DR ) 23k KT, H AR Sk R4S R AL B-
actin IG5 W3 2, i TB Green #% & ¢ 6155
B2t it PCR O #E1 728 6 52 RCR, >R
i 27550 R AN/ T NPCILT B3G5 K

Hodr, ACt =RRiEE S A B YL Cr HH—
XF N S M, A ACi=%% 41 ACt—725 140
ACE, 2 27500 (13 B Y FROE S 4525 4l
IS RIBE A 1, A4 AR I 4L & f ol 27000

%* 2 RT-PCR #3153
Table 2 Primer sequence of RT-PCR

514 55 (5°-37)

AR % AR

Y T
B-actin'™ GTGGGGCGCCCCAGGCACCAGGGC CTCCTTAATGTCACGCACGATTTC
NPCILIM™ TCTTCCCCTTCCTTGCCATT CGGCAGGGTAATTGTTGAGG
ABCGS™ GCAGGGACCGAATTGTGATTG AGGGATTGGAATGTTCAGGACAG
ABCG8™ GGCTCAGGATCGGCTTTCAC CCTTGACACAGGCATGAAGCA

1.4.8 Fdiotr HARKEYiLE 3 RER, X
B 25 R L BE AR fE R 22 (v £ 5,n>3) 3R, Bl
S5 it43 1 % ] IBM SPSS Statistics 26.0, -4 i
22 5 53 BT (P<0.05) , il Microsoft Excel 2016
ISP

2
2.1

BRESH
P [E] B i £ B 22 BY 25
DAL [T 52 J5 e J3E R A A A, LA ODsso fEL N

Y=4.1733x+0.043
R*=0.9961

0 DSS(?nm

004 006 008 000 0.12
JIE [ o A

Cholesterol mass concentration/mg-mL™
B 1 BB EEEAR A &

Fig.1 Cholesterol standard curve
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AL R, 22 ) IR A o i 2, 5 R A 1 o
JIEL 1 A o 1R R 9 5 B2 Ay = 4.1733x + 0.043,
R*=0.9961, [alA 5 # ) B C R 4F, v T 5L
T2 A IV ] e e i R )
2.2 P RE [E B2 7L B 1 BY 1% ik

Gilliland %5145 5% B, DS 250 w2y B3 1 1Y
W T LA TR T LA R AT 5 IR 66 v I e % 7 35 v
BIRER & i, (E KRB FPN P EARIE G LREE
fn B LR TR 120 A, 0 s LA A o IR [
fi8 7, JF vl R IR T 3 o SR R AR 20.70% , 3 >
85% ., 3% 3 FN i 15 PRFLER T (4 7R 1 8 A [ e 2
AN TR) L R TR G AR [ A B A R A A M
(P<0.05), 15 FRFLER B X JIE P 1) S X5 Jo i 556 Ry
37.27% , K i 2 i o W TR AR A CM6, 2 59.46% , [
it I ARBI R CM33, H 20.86%, Bt RAE
20.00% ~40.00% ) £ 8 t& Wtk , 7 Wl & CM7,
CM8 .CM13 .CM15.CM18.CM23 ,CM26.CM33, F
BR300 27.61% ; B A 2R AE 40.00%~50.00% 1)
LM A S Bk, 4y & CM25.CM28 .CM31
CM38 . CM42, - Y5 [ fift % 44.29% ; % fift 1 1=
T 50.00% 14 2 ¥k ,CM6 ,CM9,  JIH [ B[4 figg 2 5y
Mk 59.46% ,57.18%, H. &3 & T H e AL IR # E
PR (P<0.05) 3+ JIH [ BERE i 252 5 1Y 4 Bk .CM6
CM9 .CM28 .CM42 P47 e Lk 56 .
2.3 IFLEEMEEE S

NPERE h pH (N 3.0 247, B9 E h iy
FETRIAE 2 h 224y, FLRR A5 BT — 2 i it 2 fig
J1, e i WGA BN, R AE TR, I L
Fik B 7E pH 2.0,3.0,4.0 A MRS ¥ #3555 3 h

® 3 FLERE YR SM bR AE B BE At
Table 3 The cholesterol-lowering ability of lactic acid

bacteria in vitro

B Ak 4 AR 2 [ B [ R /9%
CM6 59.46 + 0.02°
CM7 34.62 +0.28°
CM8 26.29 +0.18<
CM9 57.18 +0.17*
CM13 28.01 £0.21
CM15 28.31 +0.29
CM18 28.75 £ 0.07¢
CM23 29.61 +0.16°
CM25 40.47 + 0.25"
CM26 24.42 +0.27"
CM28 47.44 +0.16
CM31 44.04 + 0.29"
CM33 20.86 +0.16°
CM38 41.90 + 0.26"
CM42 47.57 +0.19"

T AN R 28 B 22 1 19 525 4 22 5% (P<0.05)

(3% T8 B, 20 B CM6 ,.CM9 .CM28 .CM42 4 FRE 1
MR AE /7 . 45 R L3R 4. BEE pH (HAYFEAR, 4 BRFL
i T 1 % DRLBICET AT T [, AN TR) pHL i 6] 3 TR 850
A BB TE 2R (P<0.05), HHIA pH {EH IR
AN T FLR B TR AR A W 2 R (P<
0.05), 7 pH 2.0 B 4 ¥RZLER B 19 °F- 2435 R 50Ch
6.44 1g(CFU/mL) , Jrft CM6 I B £ =,  7.49
lg(CFU/mL) , & B 55 e 09 it 18 M g ; CM28 {5 TR
B, 1L 3.60 1g(CFU/mL)

x4 IERERTERLE

Table 4 Acid resistance of lactic acid bacteria

&8 #Ng(CFU-mL™)

Mk % AR
pH2 pH3 pH 4
CM6 7.49 £ 0.03* 7.58 +0.08* 7.72 £ 0.07*
CM9 7.23 +£0.02'¢ 7.33 £0.03" 7.68 +0.03*
CM28 3.60 + 0.04® 6.45 0.1 6.53 +0.05"
CM42 7.43 £0.01* 7.53 £0.06,; 7.68 = 0.06™

NG FRERIR RS 2 6 B 35 22 5 (P<0.05) s K5 B R OR R 47 Z L B A 2 35 1 22 57 (P<0.05)

24 IFLEEMAELEEH
FLER W ] A8 AR/ g o e A 1 25 AR AR
/N i v B R S 1238 H TR 0.03%~0.30% 2 18] 3 3

W EAN AN e A B E TR, X B AR i — E
Wi, I ELE 3R A4 25 P 4 % 48 i 5 Fn DNA #84F —
FEFEFE R0, e FL R o AR AR AR Y
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4 0.10% ,0.20% ,0.30% ) MRS 5 77 5 b 55 5% 12
h S A I TR, B LR B Y AR R O, 25 AN
25 AN, 4 BRFLIR R 6 2R IR AR 35 8 B A ) Tid
2 KR b AR IR B S LR A TR TR A
FAOG, L2 DA X AN (] v B 7 2 1B 6 Tif 32 B8 77 A7 7
i FEME 25 5% (P<0.05) . TEAR [A] 4= IH 2R vk F2 F AN T
FLIR B 1Y) 196 TR B A i 35 M 22 7 (P<0.05) . 44k
JIRER it 0.30% 1), 4 Bk FLIER TR 4 7 2435 o 50k

7.50 lg(CFU/mL), H v CM42 7E 4 IR &R & &
0.30%I, % AU =, 15 R ECh 7.74 1g(CFU/
ml.) ; CM9 7E 48 IR Eh & &4 0.30% ), 04k if 57 6e
N, WEEECH 7.39 1g(CFU/mL),CM6 .CM9
CM28 F) I TR AR A A AT i 31 22 5% (P>0.05) , 25
B 4 PRFLER B T AR 5 1 ANt IH £ 7 771056 45
AP FLRFE CM6 AT J5 S sh ¥ S50

®5 IEEEHMZME

Table 5 Bile salt resistance of lactic acid bacteria

% #/g(CFU-mL™)

B & AR
0.10% 0.20% 0.30%
CMo6 9.38 +0.02* 8.92 +0.02® 7.45 £0.01'¢
CM9 9.34 £ 0.06" 8.77 +0.01"* 7.39 + 0.04'¢
CM28 9.14 + 0.05" 8.83 +0.04" 7.41 +0.02'¢
CM42 8.95 + 0.06 8.74 £ 0.04 7.74 £ 0.04¢

TE /NG P REROR A ) Z (8] BAT 235 P28 53 (P<0.05) s K5 5 B 3R0R [ 47 2Z o) BoAT 2 25 4 25 5= (P<0.05) .

2.5 FLEE CM6 X775 BB ElEs/)N B I i A iR 19 22 01

23 5 E AN TR 4L 10,20,30 d /) BRI i IR
[ B (TC) | H ik = Fg (TG ) AR % & i & B (LDL-
C) .7 %% JBE [ B (HDL—C) #e B, 45 L n 1 2 Fi
N o DR v R D RE T LA S S s W BR 2R
AR ZE AL, DT 51 A i 3 g o i B T e i L
% R CM6 Xof i AR [ /0N BRI 375 i o K A —
AL

LR TC TG & it 38 & (R R5 sh A VM, 7R
TC TG & 3k v 2 5 200 M 10895 995 1) & R T
P, FLER T AL/ BT Y TC TG & & 1 2%
T X B2 (P<0.05) , 3% 5 Jeon SFSAN Li 45241 if
FEEE IR —3, LDL-C 2 J W oo i o 5 {gke e 1) 7 22
T, Hoth 2w A Ak AR R AL S 1 LDL-C, 1 A Ak
A1 LDL-C J& 3808 Wkok pe i A i 2 220 7, 8
PR R R 2 LR P 410 BRUAL T Y LDL-C
T RO IR AT TR B (0 225 AN i 2 B A
S HsF (i) f 254, LR B 4/ BRI R TC TG 7
HRr LT SRR ZAK T X B4, HDL-C J2& & %
JE B B 1 A0 R AR L AR AE 25 A TR B
HDL~C 7 L3 ] % 3 AN [ st 2 )00 o 5 el O
H AL ] 2355 % H IR o /5 HDL~C 5 2t 0] AR AR AL
A By Jok ok 5 B8 A 1 o 268 LR TR/ DN BRI Y

1) HDL-C & & i i T X IR AL, SAf 25 R Rl i,
X 5 Thakkar 48P B 78 45 5 — 5, H Wl 5 H B
TF) 7 3R LR 187 41 /N BRI 3 Hh HDL-C % 2 T i
DL 25 5 2 B 15 FLIR B CM6 BE 1% [ A1 o IR [
/N BRUE B Y TC TG \LDL-C & &, 34 hin HDL-
CH&E,

2.6 FLEE CM6 45 AB Bl &/ B /N 7 A B B B2
KREHEXERRESHF T

2.6.1 FLFR® CM6 XF & 0 [ BE /N B /N g
NPCILI R FIR W AT /N b K 20 i
9 NPCTL1 #1172 JIF ] e %) i o oot o v e o 24
FH B R[] B 2 AR R oK DL gl 2 3 Ao 1 o
NPCILI mRNA ik, 2 5 R AR IR [ s i) R SR,
K 27480 LA /N RN Y NPCILT B
XPFIR AL, 4 2700 TR A 2 Y R R AR X SR
RN 1, HARK M2 (1410 AT Rk
Bl 2-240 - ZURR B4 NPCILL A Xk B 7E 10,
20,30 d 43 %14 0.96+0.01,0.91+0.01,0.89+
0.02, 5 X} FEZH AH LE 22 5 1 3 (P<0.05) . Fifi %5 7
FIR] A 3, FLER B 4 A9 NPCIL1 3 AR X 3638
BN RE, #WHFLRRE CM6 nf LKA NPCILI A
AR B A R B EE NPCILL 3R 1E BRI
ZINI L 2 240 e R ] RS 1 WA, DA T S i Py I
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Fig.2 Serum indexes of mice
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ABCGS A T/ b pe 23k Hon] DL i fH 1k 7
] RS2 R M5 R A7 2 LD ] 2 380 IR v fe A 5 I
Pt 30 0] 7% iz (RCT) WY & J5 — 20, M 4 = ABCGS/
ABCG8 mRNA 133K 0] DL 34 fim A [ 2 %) HE i 20
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FLERE 4109 ABCGS X ik 5 7E 10,20,30 d B
435924 1.04+0.03,1.10+0.03, 1.13+0.02 , ZL % 1 2
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) ABCGS A XF £ ik & 7E 10,20,30 d B 43 5 N clathrin adaptor Numb regulates intestinal cholesterol
1.02+0.04,1.0920.04,1.14+0.04 , 5 %F B& 2H A1 [t 2% absorption through dynamic interaction with NPCILI
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Effect of Traditional Fermented Meat—derived Lactic Acid Bacteria Mediated NPCILI
and ABCG5/G8 Gene Expression on Cholesterol Metabolism

Cao Kaihui', Zhang Kaiping®, Ma Junjie', Cheng Feng', Yang Xuegian', Tian Jianjun", Jin Ye'
(‘College of Food Science and Technology, Inner Mongolia Agricultural University, Hohhot 010018
*Department of Cooking & Food Processing, Inner Mongolia Business and Trade Vocational College, Hohhot 010070)

Abstract Excessive cholesterol intake may lead to cardiovascular and cerebrovascular health problems. Lactic acid bacte-
ria can regulate the absorption and metabolism of cholesterol in the body by regulating the expression of cholesterol
metabolism related genes in the small intestine, thus affecting the cholesterol content in the body. In this study, 15 lac-
tic acid bacteria isolated from traditional fermented meat products were screened for cholesterol-lowering ability, acid and
bile salt tolerance in wvitro, and the screened lactic acid bacteria were used in animal experiments. The results showed
that 4 of the 15 lactic acid bacteria (CM6, CM9, CM28, CM42) had good cholesterol-lowering ability in viiro, and the
average degradation rate was 52.92%. Acid and bile salt tolerance tests were carried out on these four lactic acid bacte-
ria strains, among which strain CM6 could reach 10° CFU/mL at pH 2 and 0.3% bile salt addition. Finally, CM6 was
selected for subsequent animal experiments. After 30 days of intragastric administration of lactic acid bacteria, the con-
tents of total cholesterol and triglyceride in serum of mice in the lactic acid bacteria group were significantly lower than
those in the control group (P < 0.05). The relative expression of NPCILI gene in the small intestine of the lactic acid
bacteria group was significantly lower than that of the control group (P < 0.05), and the expression of ABCG5/G8 gene
was significantly higher than that of the control group (P < 0.05). The results showed that lactic acid bacteria CM6 had
the ability to regulate the expression of cholesterol metabolism-related genes, thereby reducing the cholesterol content in
the body.
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