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W OE AREFHBERAWANNE S8 LPS) A T 5L 5 & 485 A B A K e F v , R AR dm B3 S R L 6
U b A S AR 4 AN D AR A3 SR R (Con)s2) R k32 fk Ak W Ao A 1 pg/mL 89 LPS(L)53) % k3 3k & F A A
1 pg/mL #5 LPS #2 75 pg/mL B &8 (L+F) ;O A3 R A P A 75 pg/mL B £ (F), @k 37°C. 5%
CO, W9 HRMFIRF12h B HHEIRSERBAAR G EZRTMNE, ZREAN . DA FTHEA,LAR L+
F )bt 28k B (JAK2) 22 R FBAR(P<<0.01) 12 5 # FF R Rk & F (STATH) = LAz A 4 B F 4E
(eIFAE) 22 2% % (P<<0.05), L+FA A Mtz BT 4E446% 8 1(UEBPD#M AR BESH T Fa(P<
0.01) H 44k S6 B i # 1(SSKIDM A X B EZH T L Af st B (P<0.05), DF AfeBBEEAY wtssEa 1
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Effects of alfalfa flavonoids on gene expression of
milk component synthesis in bovine mammary epithelial
cells induced by lipopolysaccharide

ZHAN Jinshun'?, CHEN Xiaolian', ZHAN Kang®. ZHAO Guoqi?*
(1. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China;

2. Institute of Animal Husbandry and Veterinary, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China)

Abstract The aim of this study was to examine the effect of alfalfa flavonoids (AF) on the gene expression of milk
component synthesis in bovine mammary epithelial cells (BMECs) induced by lipopolysaccharide (LPS). BMECs were
cultured on media without LPS+ AF (Con) ,and with 1 pg/mL LPS (L), 1 png/mL LPS+75 pg/mL AF(L+F),75 p.g/mL
AF(F) at 37°C with 5% CO, for 12 h. The expression of gene related to milk component synthesis was evaluated. The
results showed: 1) Compared with the control group,the L and L + F treatment groups showed significant decrease in
JAKZ2 expression (P<C0.01) ,but significant increase in the expressions of STAT5 and elF4E (P<C0.01). The relative

expressions of 4EBP1 and S6K1 were significantly higher in the L + F treatment group than in the F treatment group
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(P<C0.01), L treatment and control groups (P <C0. 05), respectively. 2) The relative expression of SREBPT1 was

significantly lower in the F treatment group than that of the L treatment group (P<C0.05) , whereas the PPAR-y showed

the opposite result. The relative expressions of FATPT and FATP4 were significantly lower in the F treatment group than
in the L and L+ F treatment groups (P<C0.01) ,whereas the FABP3 and ACACA had the opposite result. The relative
expression of SCD1 was significantly higher in the control group than in other groups (P<C0.01).3) Compared with the

control group,the L+ F treatment group showed significantly higher expression levels of Glut1 (P<C0.05), Glut8 (P<C

0.01) and Glut4 (P<C0.05). The relative expression of HK2 was significantly lower in the F treatment group than in the

L+ F and L treatment groups (P<<0.05) ,and the relative expression of B-1,4-Gal T was the lowest in the F treatment

group. This study showed that alfalfa flavonoids might inhibit milk fat synthesis of BMECs cultured without LPS. Alfalfa

flavonoids might promote lactose and protein synthesis of BMECs induced by LPS.

Keywords alfalfa flavonoids; lipopolysaccharide; mammary epithelial cells; dairy cow

LI E T (Medicago sativa) B R R “ W 2
B ORI ZAEARAEY), HHEREE . &
o TR A L AR U N T A A e
SAERE M 2wk Gy, B 2%
6 SR 454 L C6-C3-C6 Rk 4™, i 3 1l 37
WIS K B, W AF HORE PP s ok e O R L REE
T A gyh FLE B B L s I ELRE A
VNI v I A A 2 R B ) L BE S R g R FL
A8 IS T RRAS 3 AR FLIG R (H R 5 e
FLAE CURZLRE SR SR ULE 2R ) R 0
S0 7 2 L A3 1 A 8 LA ] il 28 Y R 2% R A
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WhAFFL R 2 27 4 B0 4 SR L K A T R
IR T A5 R R R RS R W AR FL R
7= A o BT W R L A BTR B, IR 28
(Lipopolysaccharide, LPS) X FRN 8 2% , & 2 K [
P TR 0 O T 55 R e Y — o0, 2 A T A
TV I R I e 2 i L DR 2R 27 A AR
WF5E & B, LPS B LG A A ZL AR By 7 i 2 AE
I PN I T LT 5 P o S A DGk TR R K A OG5
LPS i 5 i 98 15 W FL 3h W) 7 tn & K B E H
(mTOR) 3 % Al % 28 B2 2 MG -1 5 46 5 1 R
ST T (JAK2-STATS) 3l % 52 ma 7L 23 1 J & 3%
MR . FRBEIR A R UL LPS A 62 5 m 3L g
A L. P AR B AUT S A LPS RICR . H
A B IR XoF 5 24 LR b A0 M L A3 B B R, DA
T A B A o A 52 ) L o0 RORL B O A
0 S it 2 2%

1 Rl 57F*®

1.1 ##
A BT TR AR AR TR A BR A

LPSUfiL {5 % 055 = B5) I F 32 [H Sigma 28l W4
FLAR bRz 4 M i A 58 = a4 4 e 8% SR 0k
WA,
1.2 A&
1.2.1 #mfaii

W 2016 4F 7 H G AT . U Sl 5 X
10° A~/mL 4 jg £ #p 2 6 fL M. 8% 4 M & T
DMEM/F12 (Gibco, 3 F) ; F2 # 48 37 C. 5%
CO, MBEFRAE B IR B3R b & 1020 09 i 4 1fiL
75 (Gibco, E EH) .2 mmol/L & & k. 100 U/mL
H 8 & 1 100 pg/mL #5 % & (Sigma, £ ED . {5
Oy M 4 4 B FERR 55 3 (Con) | FEBl 55 37 K6 v A
1 pg/mL ) LPSCL) (Gl RE 23 im A 1 pg/mL
B LPS M1 75 pg/mL & 75 ¥ H (L+F) FI LAl 15 7%
B 75 pg/mL EE & (), B4 3 ANEHEE .,
Hoh 7 W DMSO (R 365 . b 50) 58 & 1R il
4 AR B R T T (DMSO) & B AK T 2%,
MR SR 12 h J5  #517 RNA $2HL,
1.2.2 @ RNA 2R . cDNA ¥ AR T ZF

PCR 44

P MBS R 5E SRS 6 fLAR TP A 1 mL/fL
A9 Trizol, i ® 10 min, MWH#E RNA HEEBHLH & (K
HRAEAL B A R AL dE 50 5y 3B B AT A
RNA (28, $2 8 RNA R H] One Drop ¥ 4+ i
700 5 vie B A4l B, cDNA 19 & B e vk b AT, 45
YEJ7 %2 B Roche [ % s il 5 & o 0 W1 5 30 17,
R AR Z R 20 pl, R4S 25 °C, 10 min,
55 °C,30 min., {8 ¢cDNA %7 T — 20 °C 5,
PtE i PCR rik S i 455460,
1.2.3 314kt

12 GenBank 3L K FEH) , % H Primer 5.0
At 519, 519l Invitrogen A S G D,
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Table 1 The primer sequence of genes of milk component synthesis
A BT F1¥F 3 (5'-3") A BE /bp
Gene Accession number Primer sequence Product length

F:GGGTCATCATCTCTGCACCT

GAPDH NM_001034034 176
R:GGTCATAAGTCCCTCCACGA
WA IEEN S F: TGGTGTCTACAAGCCCTTCA
) NM 201528. 1 233
GLUTS R: TGACCACACCTGACAAGGTC
AP EEA L F.CCTGGATGTCCTACCTGAGC
) NM_174602. 2 204
GLUTI R:CGCACAGTTGCTCCACATAC
AP iEEA 4 F. TTCTCTGTGGGTGGCATGAT
NM_174604. 1 179
GLUTY R:GCTCCAATGAAGAACCGTCC
F.AAGATGCTGCCCACCTACG
OO 2 HK2 XM_015465313. 123
R:TCGCTTCCCATTCCTCACA
B-1, 4~ FUWE S5 7 i F:GGCGTCACCCTCGTCTATTA
NM _177512. 2 215
p1.,4-Gal T R:GAGTACGCGTATAGGTTGGA
U 1 mTOR XM 002694045 F:.TGTGGAGTTTGAGGTGAAGC Lis
= E;/\ . . (¢ .
" " - F: ATTATCAAAGAAGGGCTGCAC
T M. 205816, 1 F.ATGAAAGCATGGACCATGGG 106
7 (=] ~ I:li ~ O\ .
. - R:CCGGTATTTGCTCCTGTTAC
BRI AFAESEEA | F.GAACTCACCTGTGACCAAGA
NM_1077893. 2 157
4EBPI R:CTCAAACTGTGACTCTTCACC
B EIBHET AE F.GAAGACTTTTGGGCTCTGTAC
NM_174310. 3 250
eIFIE R:CAGCTCCACATACATCATCA
S JAK? XM 005200951 F: TGAAGACCGAGACCCTACAC -
AR 5
! - R:CTGCAAGGATTTAAGGATTTC
5 T R SRS T 5 F:TTCAGCGACTCAGAAATTGG
NM_001012673. , 163
STAT5 R:GGTCGGGAAACACGTAGATG
Y — M 001115502 F.CGCTCTTCCATCAATGACAA L2
H = s Y = S 30 .
ks nr - R:GTCCTTCAGCGATTTGCTTT
F. TGGTGTCCTGTTGTTGTGCT
Tili JIg Wk % 1 A A AT 1 SCDI NM_173959. 4 249
R:GGTAGTTGTGGAAGCCCTCA
sk 480 A Wy T A 14 B ) R S A F.ACTCCCTAATGGCCATTGAA
NM _181024. 2 ] 221
PPAR-y R:ATGAGACATCCCCACAGCAA
\ B F: TCCATCTGGGAGGAGTTCAC
Ne Rk Z 8 1 1 FATPI NM_001033625. 177
R:GTCCTCGTTGACCTTCACCA
F.GCGCTTCATCCGAATCTTTA
Re ekt EE 1 4 FATP4 NM_001075667. 229
R:GGCCACGCTGTTTGAGTAGT
F.GAACTCGACTCCCAGCTTGAA
RelhfR4E & 1 3 FABP3 NM 174313. 2 ) 102
R:AAGCCTACCACAATCATCGAAG
F.TCCTGCTGCTATTGCTACTCCA
Z WG A R 1L ACACA NM_174224. 2 95
R:CAGTCCCCGCACTCACATAA
1.3 HiERIE ) BB Es
N B — AAC S M40 L NS =HA —
FERFIR IR B 2722 ikt AT A i g K
P2 Excle 2007 #4740 ¥, % Ffl IBM SPSS Statistics 2.1 HEZRMESEMNYSTIAZTAARERE

21.0 PP 2 7 224091 (ANOVA ), LSD ¥ £ & L #%,
P<0.05 FERER T, P<0.01 FRESBEE,

ey a1 |
FXTTXT R4, L M L+F 4 JAK2 335
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BERRL(P<C0.01),1fi STAT5 fl eIF4E (¥ 323k
WEFE (P<<0.01); L+F 41 S6K1 ik i &5
T RZH A L 21 (P<<0.05) .1 LATI #14EBP1 14

ERDEETF4(P<0.05)(F2), ZEREWH.
LPS BT, vl fig & 5% L A WA 8 s n e
TEEE I EAANEA — R EE-.

R2 BHEEMXLPSHHETHABMANILZEESRERRENZM

Table 2 Effect of alfalfa flavonoids on gene expression of milk protein synthesis in cells stimulated by LPS

21 5] Group

I ‘ P fii
SHR4l  LPS4l  LPSHEMEEmEGl gl SEM
Gene P-value
CK L L+F F

JAK2 1.00 A 0.39 B 0.37 B 0.94 A 0. 05 <C0.01
STATS 1.00 B 1.81 A 2.21 A 1.00 B 0.21 <0.01
mTOR 1.00 a 0.82 a 0.88 a 0.84 a 0.09 0.21
S6K1 1.00 b 0.99 b 1.11 a 1.06 ab 0. 04 0. 04
4EBPI 1.00 AB 0.97 AB 1.06 A 0.60 B 0.13 0.02
elF1E 1.00 Bb 2.23 Aa 1.71 ABa 1. 18 Bab 0.27 <0.01

TE: FAT AR KRS FhE 3R 22 S B 3 (P<<0. 01 , RRIVNE 8RR 25 5 35 (P<<0. 05) Ml A R/NE bk R 7R 22
FAREFEP>0.01 8 P>0.05) ., F#£[F.

Note: Different capital letters within the same row represent extremely significant differences at P<C0. 01, different

lowercases letters within the same row represent significant differences at P<C0. 05, and the same capital or

lowercases letters represent no significant difference at P=>0. 01 or P>>0. 05 . The same below.

2.2 BHEEMMESHERNMTABARERRIE
spA!
MFE 3 Al AL, L 40 SREBPI B Eik B ZE & T F
ZH (P<<0.05), 1l PPARy FeiAMEE LM . L 241 F0
L+F 21 FATP1 Ml FATP4 338 88T F H(P<

0.0D), i FABP3 il ACACA 35045 W AH . #H
SF T REE , Hofh 4 40 SCDI 1Rk 3 BE T e (P<<
0.0, Hrf F ZHfmAR. 250KV IE LPS JlECT  Ged8
FIZLAE G R TS I A B R JF R fE ks 2R 10 &
J s T L A BT AS S A SR FLAE A s PE

®3 HEEMXY LPSRMTHABMAIESHERERENZME

Table 3 Effect of alfalfa flavonoids on gene expression of milk fat synthesis in cells stimulated by LPS

2H 5| Group

] . P {H
X LPS#4  LPSTEME®MEH B S SEM
Gene P-value
CK L L+F F

SREBPI 1.00 ab 1.23 a 1.06 ab 0.77 b 0.14 0.04
PPAR-y 1.00 a 0.69 b 0.93 ab 1.00 a 0.14 0.05
FATPI 1.00 A 0.92 A 0.80A 0.39B 0.11 <0.01
FATP4 1.00 A 1.18 A 1.01 A 0.53 B 0.15 <0.01
SCDI 1.00 Aa 0. 62 Bab 0.66 Ba 0.47 Bb 0.08 <0.01
FABP3 1.00 A 0.57 B 0.50 B 0.91 A 0.07 <0.01

ACACA 1.00 ab 0.87 b 0.85 b 1.15 a 0.11 0.07
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2.3 HEEMOESHERNE TARARERRIE
B % M

M 4 Pl AL L+ F 4 Glurd (Glutd # Glut8

MIFA I & T XA M F 41 (P<<0.01 5 P<

0.05) . LM L+F 4 pg1.4-Gal T Ml HK2 1%
FKREEHT FHP<C0.01 8 P<{0.05), FEHRE
B1,AE LPS BT .« v] e A2 ik UM 09 & Bl 1 s in
Aé i T ] RE X LM G LY S e R R

x4 HEEMX LPSRHMTHBMNIAESREERZNZME

Table 4 Effect of alfalfa flavonoids on gene expression of lactose synthesis in cells stimulated by LPS

2H 5] Group

57 B ) P i
oRiEil LPS 4 LPS+E MM Bk i SEM
Item P-value
CK L L+F F
Glutl 1.00 b 1. 30 ab 1.69 a 0.96 b 0.22 0.02
Glutd 1.00 b 1.21 ab 1.47 a 0.85 b 0.19 0. 04
Glut8 1.00 Bb 1. 44 ABa 1.66 Aa 1.12 Bab 0.16 <0.01
p1,4-Gal T 1.00 B 1.48 A 1.22 AB 0.22 C 0.15 <0.01
HK2 1.00 ab 1.34 a 1.38 a 0.75 b 0.22 0.08
3o L STATS 1 33k Tt &, 1l g & ¥ 0 i 3% [ Y 5%
8 e

DsiBx/N R JAK2 f1 STATS M, & 55
ANERFLAR BRI R B AN B FLAE VR B R AIC I R
WAL AE FRYE S5 . BB FLER (10 A i3z B JAK2-
STATS {55 @ B A 4% . JTAK 3t T RE 8 5 i
PN 52 A 485 g Sl R 25 G 3 SO0 L SR TS STATS,
S B STATS JE il = B AR Bl 10 3R AR S A F A4
MIA% 5 58 5 09 DNA JF 50 A 45 6 5 A2 A 800 sl 4 i)
SE Ry B 0, AEBPL 1 S6K1 J2 & 1 Y %
P B, mTOR f8 6% 5 4EBP1 F1 S6K1 %
i PGS 5 T . 306 0 mTOR A8 6% i 1 9 1
AEBP1 % 5 W2 1k . 5 30 IFAE B¢ it AEBP1. fii
eIF4AE (1 23k 14 5 o DA M4 F 2 10 J5 1) 80 %5 D3 o
mTOR fe 4% {2 #F S6K1 % iR 1k, 15 58 & ms ug 5L
mRNA [ BT RE R I8 17 B (I B A Y. sk R
AREE A e Ry 3R 4 R B 9Y & B LPS (0. 1 ~
1 ng/mL) #& & S6K1 Fl 4EBP1 mRNA [ % ik
(P>0.05), i F#m T STATS mRNA F ik KF
(P<20.05), i %f mTOR 1 JAK2 mRNA [#) 3 ik
IRV SE AN 2, 0SB A A oY R B 05 4 2L AR
LRz A fE LPS (> 1pg/mL) MYER F, mTOR.
S6K1.4EBP1 F1 STAT5 mRNA %% 5% FlAH ) & 1
) FIRFEAL . MAKE &I, LPS FiF JAK2 3%
ik, THE STATS Fl el FAE By 33K . 45 A S AT
AR LPS W) & A W) o 8. SR, 76 A 5

S HLRTE T E A — B0 . WA 25 ROk
LPS AJ fig 8 o 30  JAK2 3% PE, B STATS (3%
T 2 T 400 ) 2L R 1 T SN A T T R 2 il
w4 mTOR (33K 42 1 S6K1 & 11 % 1R 1k, i
8 32 L2 11 A

2) B A BALEE (ACACA) 2 2L 5 i e M
LA LN, AR & B LPS 680 T
ACACA (#3235 . BB LPS 521 L8 105 8 i M 3k &
. T R I 5 A IR AR A 25 A A (SCD) A
ZIN R AR R ARG R o 0, i B HL B A A 0 A s 1
B HAERYY . WARIREE KA . LPS FIH 78 #0035 g
Wi R P8 SCDI 2 35 ok M il 7L IR 19 & AR
FATP1 Ml FATP4 B A ¥ iz K 8 FAR K 85 B 105 i
EA AP A RE T AR & B, LPS R 25 i
20 L %) i P TR 5 3 o T Y T B T 2 AR UK 00 L i U TR
MGz, g B 45 & % (A (FABP) 55 I IR 45 & »
AR ol 200 60 P 37 5 M D R ik R AR L T AR AT AN 1 R
JI T B %ot 4 B i B A0 . D3 A s B A RE A YRR W R
(S Ak L AR AN B AR L HIh =R A0 AR . AR R
Bk .1 LPS Hi% T . FABP3 {3235 F& AL, 7 A
5 B0 B A 107 TR i Th v A O 40 i AR 47
[IRAYIINEE ol WO ot = (o B <X 7 N I T 8
P20 1 45 4 & 11 (SREBP) fig % i #5 ACACA,
FASN.SCDI } FABP3 %323k , ¥ i 5 i §§ 5
B2 0 NSk 5 1 F5 32 DA e iR, 24 SREBPI i 3%
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kB, FASN . SCD F1mTOR F:H 223k B2 7 . 1
SREBPI 3R, 3 26 5L B ) 3R 58 F % . Ui i
SREBP1 & ZLIR A A b i) B 35 7 4T 7L IR A A
BATIEWRAERDY . AR b, B 1 S e T
i SREBPI B33k, dEmipdl SCD1 FMfg iR 5% i
BRI FLIE A0 5 ., i 0 ) I A 3 5
WG Ak Z 1k v (PPAR-y) fig % 4 45 2L IR 41 21
SREBP Wy 14 g 7 2 (g A5 17 B2 5% 1 I 0 s 1
MR M s AR 1 Y 3R 3K ok IR 5 AR D R RN JIEL T R Y 4
AHHL Kl PPAR-y #sh il s . 6846 1118 SCD,
FASN %3355, ik 2 R BESE & B . LPS g% 40
g i 1R A s FASN ,ACACA F1 ACSS2 L) K g
I R I 422 W 4% v PPAR-y £ £k KFE. A%
S SM AL, UL LPS G8f% 1§ PPAR-y (3
H SCDI 33k 3107 400 ] 2L B B9 A& B T 45 2
T % LPS 38T 410 ) FLAE A i el 4E B/ .

3)FLRR b HE 20 B W e 2L B 4 200 IR L AR S AE
0 ML G LM . IR A LR A A T A 4 W
2 H (Gluo P B A RE5E . Glutl 254 & &
L) R A B 32 2 . AR Glut 4 i Glut 8 ZEIBHL
WA 7L g AT . O BRI (HEKD L
VA US55 20 00 & BT B, HK 8 45 0 5% A8
] % BE-6-BE R L SR J5 7 AR L i A UTP M/ER T
A8 UDP-EZU0% LA i i p-1, 420 2L b S 4%
B (-1, 4-GTO MBI A F ol A E A A, 23
WEA B Wb R b i R R . FLWE S R RE 08 i
LA A B A UDP-2F LM & L . WA IR 1
SRR L AE LPS BT . 2 75 U I TE W 2 AE
fi% 3 3 412 v 7 A A A2 B R AL ZUBE Y B LG 1Y
Fik UL W] LPS 7] g A 4 o LB S R 1E . 4R
1M, JC LPS BT S U8 I8 1 2516 AT g 25 30 ) 2L
e B A0 R L A A

4 £

D LPS ] g i 8 4% JAK2-STATS 3 % A 41
HIFLE A A R AR LPS R38R L 3 0 B 15 B
A i 42l i P8 % mTOR 3l #% kAL EFLE A A .

2) B 1 W T B 0% 38 ik 70 ) SREBP RS 5 R 5%
i BE Y 238 R 2L R 19 5, LPS BE % 38 i
¥ PPAR-y W3Rk kM ZLAR 0 & B, 7€ LPS il
WO BN 0 A R X FLAR B A TG R

3)TE LPS T o 15 S I E 3 v R 34 e 6%
It VA Ak LB A Rl R R A 4 B e 18 2R R R R L

AR 3 85 TT LS 0 A B I T RE 2 3 i 410 ) Al
FUAE 180 A IR LR 5
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