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BE XL EZHR T R RE R E G I HBROR-9,)f-12-F N\ Bk = BR)(0. 20. 40.
80. 120 pumol/L)*t 4% 4 FL A% £ & 4m f(bovine mammary epithelial cells, BMECs)3LAg = 5L %& & &
AR KRB Rk e Fen, BIEMTTERAR @& 7y, A8 H i = B X5 &40 MBMECs A H b =
fig (triglyceride, TAG)#9 & AR E, % B K A ZPCRARM FLAE Fo L& & & mAB K A B 49 R ik,
R &R (1)F4820 pmol/L#4 Ik 5d BR 4842 # BMECs#9 3% 74, 120 pumol/L#% I3k ﬁxéﬂBMEcSéﬁ#aﬁ
378 & B E KT A B 4E(P<0.05); (2)40 pmol/LA=80 pmol/L IE i BR 7 A 2ABMECs ¥ TAG#9 &~ 2,
= R & 5 T RLL(P<0.05); (3)A4220 pumol/L I b B2 2 % Efas]-B& % & (casein alpha sl identi-
fiers symbols, CSNIS1)Fak-E& % & (k-casein, CSN3)A F #9 & ik, 80 umol/L#A+120 pumol/L I jd B
2 FFCSNISIA=CSN3# B 9 & 35 (P<0.05); (4)120 umol/L L5k BR Ll T A A% & 464E4 & %
£ -1(eukaryotic initiation factor 4E-binding-protein-1, 4EBPI1) F ¢ &34, Tl T AR E & S6i%
B%-1(ribosomal protein S6 kinase-1, RPS6K 1) B ) & A (P<0.05); (57 #120~120 pmol/L L jt BR
2% T8 by BR &-Bé(fatty acid synthase, FASN). A% Jl§ BE4# B A 2 40 4= B (stearoyl-CoA desaturase,
SCD). fig WrBa 45 4% & -3(fatty acid-binding protein-3, FABP3)# #& B & 3% (P<0.05); (6)20 umol/L
I ey BR A An 4 38 B AL 4 B AR 38 5849 9% AR (peroxisome proliferator-activated receptor y, PPARG)
AR AL TR E S FarEA, 7120 umol/LEh#2HPPARG. B B8 L4454 B F-1(sterol regu-
latory element binding factor-1, SREBF )49 &% & % /KT *F B 48(P<0.05). 4 _LFATi£, 20~40 pmol/L
&4 I3k BR AT BMECs UG iy Ao L& 6 & A 45T a9 IRt 20R
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Effect of Linoleic Acid on the Expression of Genes Associated with
Milk Fat and Milk Protein Synthesis of Bovine Mammary Epithelial Cells
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(College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010031, China)

Abstract The aim of this study was to determine the effect of linoleic acid supplementation (0, 20, 40, 80,
120 umol/L) on expression of genes involved in milk fat and protein synthesis in bovine mammary epithelial cells

(BMECs). Cell viability was detected by MTT. Triglyceride (TAG) content was measured by using triglyceride de-

Wk F36: 2015-10-22 F252 H 1 2016-01-22

S VA X iy 52 T AR R I A SRV I (I HE 5 NTY T-14-B05) 9 Bh (1 U8

SHEIAEF . Tel: 0471-4307726, E-mail: dkyldb@imau.edu.cn

Received: October 22, 2015 Accepted: January 22,2016

This work was supported by the Inner Mongolia Autonomous Region “Young Talents of Science and Technology Support Project” of Institutions of Higher Learning (Grant
No.NJYT-14-B05)

*Corresponding author. Tel: +86-471-4307726, E-mail: dkyldb@imau.edu.cn

I 28 HH RIS 7] 2016-03-17 17:56:09 URL: http://www.cnki.net/kcms/detail/31.2035.Q.20160317.1756.004.html



258 BT

termination kit. Expression of genes involved in milk fat and milk protein synthesis were measured by RT-qPCR.
The results showed as follows. (1) 20 umol/L linoleic acid promoted the proliferation of BMECs. However, 120 pmol/L
linoleic acid significantly decreased the relative proliferation rate of BMECs (P<0.05). (2) The content of TAG in
BMECs were significantly higher in groups with addition of 40 pumol/L and 80 pmol/L linoleic acid than that of con-
trol group (P<0.05). (3) 20 umol/L linoleic acid significantly upregulated the transcription of CSN1S/ and CSN3,
whereas 80 pmol/L and 120 pmol/L linoleic acid significantly downregulated the transcription of CSN1SI and CSN3
(P<0.05). (4) 120 pmol/L linoleic acid significantly upregulated the transcription of 4EBP1, and downregulated the
transcription of RPS6K1 (P<0.05). (5) The mRNA levels of FASN, SCD and FABP3 in linoleic acid supplementation
groups were significantly lower than those of control group (P<0.05). (6) 20 umol/L linoleic acid significantly up-
regulated the transcription of PPARG, whereas 120 pmol/L linoleic acid significantly downregulated the transcription
of PPARG and SREBF'1 (P<0.05). In conclusion, 20~40 umol/L linoleic acid are optimal, considering its simulative

effects on milk fat and protein synthesis.
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1.2 BMECsHIEFRSEE
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FRT— IR IR, 137 °C. 5% COLMK B 1 1H
WL FEAA R TR, A AR M A2 22 70%~80% 1145 1Y,
AR T AN [ (187 5 B I ] AR %o Pl 2 11 g ) R0 AR [ R
AL BMECs A48, S8 I FH0.25% Mk 8 (1 1#§3 mL
1637 °C 5% CO S MR 1R 15 7R4R 7 1463 min,
Ry BCET o A0 A A [ /0 o0 880 st J 1 9 A6 8, I
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Fig.1 Primary cultured bovine mammary cells (100%)
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Fig.2 Immunocytochemistry of bovine mammary
epithelial epithelial cells (100x)
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Table 1 Primer sequences and paramter

FER AR HE7 B2l Gene bank/¥:%1] 5
Genes Primer sequences Gene bank accessions No.
GAPDH F: 5-GTT TGT GAT GGG CGT GAA C-3' XM-001034034.1
R: 5'-CAG TCT TCT GGG TGG CAG TGA T-3'
CSNISI F: 5'-TTC CCT CTT TCA TAC TGT GAA GTC GT-3’ NM_181029.2
R: 5'-GGC TAT GGC TCC TAA GCA CA-3'
CSN3 F: 5'-CCA GCT GCAGTTAGG TCA C -3’ NM_174294.1
R: 5'-GGT GGA ATG GCC ATA AAT GAT-3'
mTOR F: 5'-TGT GGA GTT TGA GGT GAA GC-3' XM _002694043.1
R: 5"-ATT ATC AAA GAA GGG CTG CAC-3'
STATS F:5'- TGT GGA GTT TGA GGT GAA GC-3' NM_001012673
R: 5'- ATT ATC AAA GAA GGG CTG CAC-3'
AKT F: 5'-CCT GCT CTC TGG GCT ACT CAA-3’ NM_005163
R: 5"-CAC GAT GCT GGC GAA GAA-3'
4EBPI F: 5'-GAA CTC ACC TGT GAC CAA GA-3’ BC120290.1
R: 5'-CTC AAA CTG TGA CTC TTC ACC-3'
PRS6K1 F: 5'-ATG AAA GCA TGG ACC ATG GG-3' NM:205816.1
R: 5'-CCG GTATTT GCT CCT GTT AC-3'
ACACA F: 5'-GTT TGT GAT GGG CGT GAA CC-3' NM_ 174224
R: 5'-CAG TCT TCT GGG TGG CAG TGA T-3’
FASN F: 5-GTT TGT GAT GGG CGT GAA CC-3' NM_001012699
R: 5"-CAG TCT TCT GGG TGG CAG TGA T-3'
DGAT2 F: 5'-CAT GAA GAC CCT CAT AGC CG-3' NM_205793
R: 5'-ACC AGC CAG GTG AAG TAG AGC-3’
SCD F: 5'-TCC TGT TGT TGT GCT TCA TCC-3' AY241993
R: 5'-GGC ATA ACG GAA TAA GGT GGC-3'
FABP3 F: 5-GAA CTC GAC TCC CAG CTT GAA-3’ DN518905
R: 5-AAG CCT ACC ACAATC ATC GAA G-3'
PPARG F: 5-ATG TCT CAT AAT GCC ATC AGG TT-3' NM 181024
R: 5'-GAT AAC AAA CGG TGA TTT GTC TGT C-3'
SREBF1 F: 5'-CGC TCT TCC ATC AAT GAC AA-3' NM_001113302
R: 5'-TTC AGC GAT TTG CTT TTG TG-3'
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Table 2 Effect of linoleic acid on activity of bovine mammary epithelial cells

SiH E T (umol/L)
A Linoleic acid concentration (umol/L)
Items
0 20 40 30 120
RGR 1£0.06™ 1.07+0.08" 0.99+0.04 0.89+0.02" 0.85+0.02¢
AT B A AN EL B AR R NS 5B RS 22 e W35 (P<0.05) . AR,

Values in the same row with different small letter superscripts mean significant difference (P<0.05). The same as below.

R3 FMIHER 4 FLAR £ AN TAGE AT

Table 3 Effect of linoleic acid on the triglyceride content of bovine mammary epithelial cells

5 W A S (umol/L)
Linoleic acid concentration (umol/L)
Items
0 20 40 80 120
TAG 0.0142+0.003° 0.0154+0.002° 0.019+0.004* 0.022+0.004* 0.012+0.003¢
R4 NEIREILHET U4 ZLAR £ AR FLAE AR & BUR X & F RiAM S
Table 4 Effects of supplementation of linoleic acid on the expression of genes associated with
milk fat synthesis in bovine mammary epithelial cells
S PR FE (umol/L)
Linoleic acid concentration (umol/L)
Items
0 20 40 80 120
ACACA 1.00+0.31* 0.95+0.18" 0.67+0.11° 0.80+0.15™ 0.73+£0.07*
FASN 1.00+0.09* 0.62+0.12° 0.22+0.03° 0.18+0.01° 0.22+0.03¢
DGAT2 1.00+0.65" 1.52+0.24° 1.10£0.11° 1.08+0.18" 0.69+0.16°
SCD 1.00+0.49° 0.54+0.13° 0.27+0.13° 0.25+0.05° 0.22+0.03¢
FABP3 1.0+0.001° 0.70+0.10° 0.31+0.06° 0.30+0.05° 0.20+0.02¢
SREBF1 1.00+0.23* 0.76+0.03" 0.44+0.04° 0.19£0.1° 0.20£0.1°
PPARG 1.00+0.32° 1.35+0.19° 0.47+0.14° 0.91+0.13" 0.64+0.02°
F5 TEIRE L MBS T4 ZLBR £ R AAMFL &R & MEXEERIXRIF M0
Table 5 Effects of supplementation of linoleic acid on the expression of genes associated with
milk protein synthesis in bovine mammary epithelial cells
5 AL PR JEE (nmol/L)
Linoleic acid concentration (umol/L)
Items
0 20 40 80 120
CSNIS1 1.00£0.11° 1.67+0.38" 0.70+0.12% 0.39+0.01° 0.25+0.02¢
CSN3 1.00+0.32° 1.21+0.02° 1.07+0.11% 0.47+0.06* 0.61+0.12¢
STATS 1.00+0.15" 1.22+0.08" 0.83+0.13" 0.33+0.50° 0.63+0.13°
mTOR 1.00+0.24 1.22+0.10° 1.00+0.17* 0.76+0.12° 0.87+0.14°
AKT 1.00+0.30° 0.74+0.09° 0.96+0.17* 0.57+0.16° 0.64+0.14°
4EBP1 1.00+0.11% 1.32+0.38% 1.24+0.12% 0.66+0.01° 1.45+0.02°
RPS6K1 1.00+0.03*® 1.58+0.12° 1.30+0.20 1.364+0.05® 0.67+0.09°

I BMECs ' ACACA(acetyl-coenzyme a carboxylase
)k [N 1 & 0k, FE, 40 pmol/LV. i 2 2HACACAKE
DA B 208 i 18 K T 0 IR ZH(P<0.05) . I AN [
W FE W R 4> W3 40 | FASN(fatty acid synthase).
SCD(stearoyl-CoA desaturase)fll FABP3(fatty acid-
binding protein-3)JE K ik (P<0.05); 20 wmol/L V.
R s N 41 DGAT2(diacylgycerol acyltransferase 2)
R R I & W TN R 41(P<0.05); 40 pmol/L.

80 umol/LV i iR V& I 4L DGAT2(1 % ik B i
e, 1MT120 pmol/LI V. it R L DGAT2I¥) 4235 B Wl %
ik F X B 41(P<0.05). ¥ I1140~120 pmol/LT. i &
2l SREBF I(sterol regulatory element binding factor 1)
B DN TR B W 25 AR T IR 120 pmol/LAIY 1 41
(P<0.05), 1120 pmol/LV. yili 8 41 5 %f M8 41 Jc & 3%
7= 5o 20 pmol/LYV. y 2 ¥ I 2H PPARG(peroxisome
proliferator-activated receptor y)J& K ik 5 2 # 5 T
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X ZH (P<0.05), 140 umol/LA1120 umol/L V&
VS A ) J 25K TR R 41.(P<0.05)
24 AERE B HE X BMECsE. & B & AiH
KERFKIERIF M

M ST LLE HY, 20 umol/LIF) V. Ji 92 s I 4,
CSNISI. CSN3(k-casein). 15 5 5 S FIE 5 B
¥ 5(signal transducer and activator of transcription 5,
STATS)He PR 38 7K1 i 25 1 T-6) B 41.(P<0.05),
80 wmol/LAT120 pwmol/L ¥ W 241, CSN1SI .
CSN3. STATSIENFIA 5 I8 K T4 B 41(P<0.05) .
20 pmol/L ) V. 3 iR 41, mTORF) % ik 5 55 5% e 41 AH
Eb AT 380 ) #4380 umol/LAI120 pmol/L K] . 3 %
Y1, mTORFIL EAT N REEaR, (AGETt i 22 A
i #(P>0.05). 20, 80. 120 wmol/L K] ¥ i I ¥4 I
2H, AKT(serine-threonine protein kinase)ft) & i& & i}
PR TR 41(P<0.05) . 120 pmol/L [ V.3 B2 i 41,
4EBP]I(eukaryotic initiation factor 4E-binding-pro-
tein-1)[¥) 1A 8 1 3 16 I 41(P<0.05), RPS6K1
(ribosomal protein S6 kinase- 1)) 1k & (L TX)
W 4H(P<0.05).

3 1t
3.1 TFREEXTBMECsHIE 51 B 8200

WAL FEBMECS I B HE . /b A B Th g 5%
PR AR, R A R FUR 7 B B T
i, JExEFURR bR 40 i 1 5 B AT e I E
T iy [ S 5T R B, LR T 0 R R AN L I R
# 2> $0HIBMECs 1 48 5, 400 1) 155 250 52 I A 5 44k
TR . F0 08 2 S SUIE 5 26 W, IR B 1) 0 3il PR
SR BMECS V1458, w5 34 F52 D)0 1) 40 e 1 2 4
A G RIS 0 v TR B 1 P 9 12 (120 wmol/L)
25 G F M HIBMECSAR X 1§58 %, 3% 5 1 AWF97 45
FRE—H.
3.2 ThERXIBMECsFL AR BA & BUHE X E E Rk
B TAGE K BIF

B S o] 8 v 2 4 v L 0 ) R M L
W RR AR, WFFCHE AT T Kot TE. FL
JIE 157 ZEBMECs [1) 4 J 143 Wb & — AN 5 2% 1 13 [F]
MR, TEZMERREANS S, 4CACA.
FASN & FLIR NG 5 T Sk 45 B ) OGS o i A HIF Y
PRI, KA e 7 1 1 AL 2 00 ) e R A 1R 1) B Sk
B N )\ B AR 5 1R 2> 30 S I TAGIF &

JRTo R B 1 SRR ORI, IR AN B AR, 25
FHIACACA  FASNFISCDIE N 1K1K o AWFFEASH,
V3 ER VS I 4L EASNAIA0 wmol/L AV il R 41 A CACAKE
PRI IA H 1) 0 A T 0 IR AL, X 5 AT N9 45 2R
3.

DGAT2/ETAGH ik F 1 PR g, L 3= 24
R AL 1 H il AR5 TAG. HF5E R M, 78
AN FRBMECs s I B MR 7 2 e e HE TAGIR) 7
&, HXTDGAT2(W 3R Fak A7 — 5 1y B R4 FHRe,
AW I 45 B W1, 20 pm/LV 1 R HEDGAT21) %
iK, 120 pm/LAV i B W 5t 25 I DGAT2 [ K55, X
55120 pm/LV 3R 20 TAG 7 & 1 5 T R 4L 1 25
FAY £ . SCDAE—Fh = ZL A9 LA FIEE, b4 i
PN ERLAN T I U7 PR 5 o ) B S g, A 2 5 O [ e 1Y)
Fil. NEEEVIFRERW], FARPRINS . M
W2 S EY A FUIR 4 2SCD mRNAF L 1) T
B o B SEUSIIES SR Y, BRIV FE K 15 umol/LI,
FUIR L 2 4 fiSCD mRNAZIE BB % R . AWF5T
FFH, I I120~120 pm/LAV R &2 3% R i T SCDIE A
FIE, RIS INZ AL AR 7 R 1T g 2> 5 0 LR 1y
% 11 2 . FABP(fatty acid-binding-protein) & — 41
SO KB T 1D R 1 B BT B 1 5, AEAR 2 2L R
PR TRV 1 i PR FE AR . FABP3X KAl
T RRAT v S R0 7, e [ Ath il — b b A g D7 TR
el s H il =W w AR B, R B G 07 1R
218 JIIBMECsH FABP3¥) 3 R 15 &, 1 AN K
ik R T TR U B AR FA BP3 IR 2k R R I Y, AR5 45
I R VS INZLFABP3 [P IR 3R K 5t . IR 1%
HRA, X 5 AT 4 SR — 2K

SREBP(sterol-regulatory element binding pro-
tein) Al PPAR (peroxisome proliferator-activated recep-
tor)7E FLNR A B 2 8 b BAT = S 4 4E 1, 2 G
P 0 L] 2 o R — L S e il 5L R (1 T K
i . KadegowdaZ5 "' 57 4% 1, ¢9 18:1, t10 18:1,
t10c12CLAMIC20:5#F &I T BMECs ' SREBF 1) 5k
DRI 1A, 1M 6 PPARGIV JE R R IA AT B 258 . ]
vk SEUSIE S Fi H, VAN 0 IV JRR R Y 2 B AIK T SREBF 1
mRNA R 55K, =i BE BRI 23 F W PPARG
mMRNAK KK o AWFFTRI, 120 pmol/LAV i FR s
In41SREBF1HIPPARGI) Kk IR 3 ik &t 25 1K T~ 0] it
4, XAl et FEOZ AP TAGH & 0 3 BRAR I 3=
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33 HERXBMECsFHER & MIEXREERIEH
A

FLER O B B AR 70 M 4 M S Il i —
%% & JAK-STAT(Janus kinase 2-signal transducer and
activator) (i ‘5 i i, W FLIRA RN KIFLE H A K
AHORHE AT R e S 0S5 — 25 2 mTORSE Sl i, 1
A PR R B sgm i E sra e AT K
B, FUIGA BT AR 5 W FL AR A R, (HE5 AR —
. Yonezawa 52 FH ARSI 5T R I, AMJERN I0AS
RET T ol 2 RS ek P2 5 A T 7 R (12 14 T CSINIST
FERERIR . AR, A RIS, S INFLAS & B
R 2 PNHIFLE A5 e Jenkins %25 H, 754
R s I IR D5 RE4 i FLIG 2 AN b 5L 2, HIE 3 <%
FRARFLE 2, 1 HDARS S R P 2 . S A
W R IR, BMECsH [R] 8 0 £ BREH FHB-F2 T IR M
W NIHCSNISI. CSN3FENEKIL, imTORKEIR %
R o

AW 5T KL, 20 pwmol/LIK) .3 12 4L CSN1STAN
CSN3HE PR 1) 28 38 &t 25 v 10 A, 17780 pmol/L
F120 pmol/LIF MV 3 12 41 2 E A T X 4l 45 &
JAK-STATFImTORS 5 18 % |- 1 7 3k K 3K TA (1 4%
AR, AR SCAF H AR 5 1 S ol R mT e > ek b 9
STATS. mTORMIRPS6K 13 [N 3 15, 11¢ 3F % £ 1 1
B8 T e R FE Byl PR W) 25 T STATS . mTORF
RPS6KI1%:R %Kik, FiH4EBPIIE R ik, 115K &
IR SRR B I R, XA it — D F I IR UE 5K

AHFFEAF H, 40 pmol/LAI80 wmol/L IV Jh R 2
BT WA R b 40 B TAGI A . 20 pmol/L
WyMIR w2 IR AL E R 4N fICSNIST. CSN3.
STATS ) e K £ ik . 120 pmol/LYV. yih R & 2% i />
T WAL R 4 I TAGH) & i, - iR4EBPIEE A
f) % i&, T W T FASN. SCD. FABP3. SREBFI,
PPARG. CSNISI. CSN3. STATS. mTOR. RPS6KI
PFERIRRIL . ZR5 S TFRPR, 20~40 pmol/L 1)V R
XoF L W AN LA 1 1) B B U R e B 25
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