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W E: ARBEAEAREAARBXO AR ATGTAY AW F IR L @R EGGER, K
AR AMAGKIEZ X E 4 AW, 5 3 A IKE G R AT ik R AR X 48 (LPBP) (4 5L
EORARBEX A (MP) 80% B&&K & +20% 5L R A RARBEXA(CLP) (B & G AR RAEX
4 (CP), HA3AETH,FELRE3 Kk, 45 A %% kT E PCR(RT-qPCR) #= B % %, 75 R
Mk (ELISA) A2 5L & @ & M A H o, — 8% & (CSN1S1) f» k — B&%& & (CSN3 ) mRNA X & &
Bo,-BEOSRE. EREAN  AALRBEXES L EFw CSNISL = CSN3 & B mRNA £ ik
2(P<0.05), MP 41 CSN1S1 #= CSN3 % H mRNA 2 X 245 3 2 R 2 %5 F LPBP 4
(P<0.05#2 P<0.01) ;48%+-F LPBP 48, MP 28 CSN1S1 #= CSN3 % B mRNA % ik 3 4 5] LA
T1.70422. 12 45, MP 4l o, - B EAO SR ERE 5 T CLP.CP4U(P<0.05) HEZ ST
LPBP Z1(P <0.01), w7 I, AR A X 49 R F 4k 45 % v 5 2 LA £ K 0 e B8 & & 09 &%,

23L& G RA AR X T2 — A Eh AN KA BRARX
KPR SR ERmie; RAREX AR KL 8 &G

PE %S 5823 ERARIRED : A
FLAE E A A 0 A R A0 T B A, R RETR
A o B2 B AR ) SO 7L R R 5 R A A P AR
FAY T AR SR BHAR U R T X A A 1
HREC T A B Z R A T R T IR A s
B T A A, B X T 52 3l 4y AR R R A
KXW IE A TR IRA . A BFFEUESE, 1 AR rp 28 2k
PR 20 B RE 5 52 i 3 L B 2 sl ) LR 45 PL 3 1 1Y
A DRI RT AR , VAR AE 2 — R AR 05
2P LR b Bz AR FL 2R S B RE T 38 2 R A A 24 2
[ 5= W Y2 | T S O D PNE A i BURAY I BOR/ A
PRI EIE IR , o0 B 9 T AN ) A e = 22 4
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TR AR 2R P B AR RR A% 1R I U R R R R K 4
(LPBP) "™ 43l & (A & H Mk a4l (MP) |
80% Ji% % 1 + 20% FL i H 1 2 8 B 4l
(CLP) "™ W AR M 4L (CP) ™Y 444
3AEE, IFEEIRE 3 . 4 FhE LR B 4

IR WA 1o I Ia AT, 20 A IC i 4 Fhad
MR i IR %, B U7 1% 2 % DMEM/F12 B
FEBET, SR EPRBAEREEY N
1 070 mg/L, Bl il 5¢ il 5 ¥ B B 57 2k pH £E 7.0 ~
7.4 ZJA],

x1 ARAREREXANIERKLL

Table 1 Percentage of amino acids in groups of different amino acid patterns %

IR AR F I EE 4 Groups of different amino acid patterns

Amino acids LPBP MP CLP CP
L — W% L-Tyr 2.18 5.67 6.30 6.63
L-TN&E® L-Ala 11. 66 3.78 2.91 2.77
L-H% L-Gly 29.77 2.27 0.40 0.48
L -8R L-Glu 10. 50 29.30 25.00 26. 40
L — %25 L-Ser 8.31 6.05 5.93 6.03
L - £t iR L-Cys 4.15 0.76 1.16 0.48
L - N4 HE L-Phe 2.29 6.05 6. 54 6.63
L - 24 L-Leu 5.75 10.97 18.52 17.37
L - 2 a8 R L-lle 3.94 5.30 6.17 6.27
L - L-His 1.28 3.78 2.32 2.41
L - & L-Lys 2.72 10.21 7.46 7.24
L - &R L-Thr 6.76 5.67 5.60 5.55
L-EZAIR L-Met 0.80 2.27 3.65 3.74
L — %% L-Try 1.65 1.89 1.80 1.57
L — %R L-Val 8.25 6.05 6.22 6.39

1.2 FBR EREpatEsr

FLI b B 40 5 3% J7 % 5 IR Miranda %)
Ak, 18 L b 0 £l B b i S 30 5 4
KA FUIRGZ A2 (1 5 T 25 4 A 2R IR D 41
2) 3 a5, A A XL (Gibeo, 36 [H ) ) DMEM/
F12 ik B T O/ & bl gy B SL e % . 7
S O B A 3 A ST FE OB R R 2%
(DPBS, Hyclone, 3¢ [&] ) i % 3|l 41 2L B 3 3,
A 75% W) S B W IR 30 s, FEA & A 1A%
XL DPBS it VT, 78 15 7% 1L rp 5 F IR B
B TRV RS A e BOBR M ZH 2, i A 5 mL 4t if iR
FEE T PR I IR A 5T 06 59 i, Tl A SRR
0.05% I 7Y Jit it il ( Gibeo, 36 [H) W&, L& T
37 C.5% CO, ¥ %% 46 14 4k 90 min, ] [H] % f
20 minfE3% 1 K. B © 0 A 58 Y v i, il
80 H P i ik U8, K UE WS A 15 mL B0, DA
1500 r/minE.[> 3 min, F £ FIHF R, INA B 557 5¢
Jo HH R TR R R T 25 em® 40 B SR T, A

37 C 5% CO, Br 374 N EE 35 o o 240 M4 6 o Jis
& TR S i, BEECAifE IS R 3 AUE AR
e 1 FL M b e 4 i T e 2R B B AR S DA 3 x
10° A~/ mL {4 % B 30 F 6 FLAR L, 15 41 i A 096 LA
J& PR 3, A T a5 A, R A0 A R T G I
ke Fe e 25 (AL B 24 h, LI I 00 3 P R 2
TR Ak B RS, 2 fE P A [F) 2 R R A
K ARG FR LA 48 h,
1.3 RT-qPCR #ill CSN1S1,CSN3 £ E mRNA
RizE

A IR 5 ) FLIR b B2 40 M ] TIANGEN i RNA
FEHGA T £ (DP430 ) £2 B4 Al 5 RNA J5 57 B
TaKaRa J %% 5% i 7 & ( DRRO36A) J2 %% 5% i, cD-
NA, SR J5 fdi F 52 i 2 £ PCR {X ( Bio-Rad, 3£ [H) ,
e W2 H il i =08 ( GAPDH ) Sy N2 5, i ]
TaKaRa SYBR Premix Ex Taq™ Il ( DRRO81 ) izt 5]
& AT CSN1S1  CSN3 2 Al mRNA 33k 5 1 & i
53 #1. RT-qPCR 5115 B R SO 45 F W3k 2
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Table 2 Primer information and reaction condition for RT-qPCR

HH 1R 51 GenBank %5 3% 5 D/ PNAN 1Bl
Genes Primer sequences (5'—3") GenBank accession No. Product size/bp Tm/C
6= 7 : AATCCAT! AACAGAAA
o ~ M J:{)ﬁ CCATGCCCAACAG G BC109618 189 59
CSN1S1 T iiF: TCAGAGCCAATGGGATTAGG
k- EEH [ 7 : CCAGGAGCAAAACCAAGAAC

N NM_174294 148 56
CSN3 T : TGCAACTGGTTTCTGTTGGT -
o T Il T O it TCATCATCTCTGCACCT
B R L‘ﬁ'GGG CATCATCTCTGCACC XM_001252479 177 59
GAPDH T iF: GGTCATAAGTCCCTCCACGA

1.4 ELISA &l o, -BEEHERE

AR A FUIR b R 20 i 0L P K i v 40 i 24 i
W (80807B —50) #EATALEE, B ST X BR 40 MU K5 57
5, FIV 1) DPBS ¥k 2 3,6 6 FLARBCE 7E VK |,
LI A 100 pL 40 i 2 f# 3, K 1 & 15 min
Jei W AN L 55 AR AR Y B SR A — i, IR
HAeWHERE 1 A3 1.5 mL RE.LE S,
15 000 x g T 4 CE.0 10 min, ff FiEREFRE ] 1
B 1.5 mL B0 E K B R RA
R & DA WA o, — B 85 1 ELISA A I3 741] &
ELSNHM oy — BEE G B o IR 6 A I Je
PROE R AT — & 0 ELISA, FE e i 8 o, —
i 2R U AL B AL B — UM ABRAS B HE B
Rt E AL P (HRP) bricd iR B ik, 250 BE
IR VE %, Y 3,3,5,5 — DU LI 4 i
(TMB) i, TMB 7£ 52 S 16 10 1 1) 4 4k T 55 1k A
W I ERRE R TR A, B
R UR TR FIVRE fif v Y oo, — T B A Ao S IE AT R
FABEAR X AE 450 nm P K R % OE{E (OD) |, 3
TIRES R o ARMERIA AR

y=0.002x +0.063 2(R* =0.996) ,

1.5 #EAIE

TR SR FUHE (8 F Excel 2007 #1731 5 A1
SRR R 27 SR AT, A
FRIF 50 2R SAS 9.0 R4 ) ANOVA it 2
PEAT B 7 7 22 43 M, 2 H 4R i Duncan [
%,P<0.05 AEFRE,P<0.01 HEFKEE.

2 ZERG5MW

2.1 Xt CSN1S1,CSN3 £[E mRNA 3 ik 289800
&L AR AN [ R A % CSNLST JE A

mRNA £k A B % (P <0.05), MP 4

CSN1S1 JE [ mRNA 3£ ik & 1 & & F HAh % 41
(P<0.05), HAth & ] 2 F A HE(P>0.05),
CSN3 3£ mRNA ik 5t M A 19 25 5, MP 44
CSN3 3 [ mRNA 3 ik & i) B % & T LPBP 4
(P<0.01),CLP Il CP 41 . % & F LPBP 41 (P <
0.05),

= LPBP4 LPBP group
» MP41 MP group
n CLPZ CLP group
~ CP41 CP group

= 2 o
w (=] w

FEFImRNAR F L&
c

Gene mRNA expression levels

ot
w

|”||MK<\\\\\\\\\\M

=}

CSN1S1 CSN3

BARAEAR A AR P R R 22 57 3% (P <0.05) , A 1]
FRFIRZE R (P <0.01) A0 [R 8 T 7 8F R 22
FAEFHE(P>0.05), FEH,

Data columns with adjacent letters mean significant
difference (P < 0. 05), and with alternate letters mean ex-
tremely significant difference (P < 0. 01), while with the
same or no letters mean no significant difference (P >0.05).

The same as below.

Bl ARSEBREXDMFIREZAER
CSN1S1 #1 CSN3 & A mRNA
RIEEHRIM
Fig.1 Effects of different amino acid patterns on
mRNA expression levels of CSN1S1 and
CSN3 genes in mammary epithelial

cells of dairy cows
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2.2 Wo-BEAEHENTID

& 2 AT, A () 2 PR AR U0 o, — B EE
B A BE P (P <0.05) ,MP ) 8% & T
LPBP4i(P <0.01),CLP fl CP ith B & & TF
LPBP 4{(P <0.05) ,

65.00

o R A R

a-casein synthesis content/(pg

CLP4 CP4
CLP group  CP group

LPBP4L MP4
LPBP group MP group

B2 ARREBEXXPFIR EXHER
o -BEAERENTIT
Fig.2 Effects of different amino acid patterns on o, -casein
synthesis content in mammary epithelial cells of

dairy cows

3 3 i
3.1 PBA4FLIR K ARSI

LR A R E PR EE 4 F 50 £
A I s O T I I 5T BB S A R 4
FHATH 1k, 763 1 ek A v A FUIR B R 40
R A, HAET, EEER ECSFEN 4 I
i b Bz 40 R FE A SRR £, Schmid 28 g
ST ELE B R 48 i &2 BMGE; [ 5, Gibson
s8]y #8857 T PS-BME-L6 fil PS-BME-L7 2 /™4
Ml % . Huynh %" ] SVAOLT — 47 Jii & [H % e 2
FUIR & e 4 B, fiff R 45 oK 2B PR, AT & 57 T
MAC-T 4 ffd &, {H & i 4F K, bF 5% A L & 3
MAC-T 7ERSMEFR AT R TIF 2 5% 1R
P, B 7E 2 RE M 2L O 58 J7 T, MAC-T 278 A
B R BRSBTS N 5 R 4 41 Bk
2 EEEATE FLTT b R 20y 8 1 A5 ik 6 FL R
b R M AT R ARG IR (B TR AR R A
S FRE SR 0 A3 Ak A L 1A b 85 55 2 B UM LA
VA P B 358 A0 — 2, Br DA i 7 2UIR b 4
F oAk, I Fl 25 43 A AR T G JH: 36 9078 240 i 9
FLAHSCIE B B 3235 b A BFFE 4, 240 B 78 {4 4b
B 5 1 B ) A< 3 o 2 4 A Tl B B i

TRAEAE AR SRS 57 25 R DU 2L AR b B2 40 i o 2L A
RIEF FRIR G E A AR o WM. Al
Sk T T8 A 6 0F 0% 4 LB Bz 4 B 3 A D A 8
I, IR T 22 B A 2 0 kA7 2k, FERF 58 vh &
IR T SR B L ) 4 355 P R 00 A A IS 1) 2 o 2
X 6 LA DG B PRI 1 26 38 BAT R o 1 Y 5
3.2 AEASEBREANDS AR EEMER
[EEA=E= g R0k

B, B NSNS 5 48 2L AR b e 2 g
LRSI IE S S R FL AR A R Y B
AR LE R R L D ek IR L S A TR
SRR J5 T i AR s R e s X i pF AR A
K4 B FI T RT-qCR K 48 % (Lys) K2R
(Met) 732 R ( Thr) RN 2R ( Phe ) XA S5 F7
FLARLH 2 CSN1ST J [H 3% 35 5% W B5F & B : Lys |
Met , Thr Phe 75 fill 7K AN [6], CSN1S1 i [H ) 3 18
B AR ; 24532 2 p Lys, Met, Thr, Phe 7K %43
Wk 197 .57 121 126 mg/L B}, H ik B 5 5.
PRATIAR T L A LR R 40 i 5 750 F 5 % B
T ELVR T RS 2R (Arg) RERE fE i 05 4= 2L IR b
Y CSN1S1 \a, — &SR 11 (CSN1S2) B — g4
FH (CSN2) \CSN3 B:PH Bk , H YRS 20 i 55 57
Wb Arg {5k 556 mg/L i, X 4 g E AR A
2k B B, B AT B, 2 Lys M
Met L) 1.2 #1 0.4 mmol/L ¥ &, B 3:1 Fb )&
IR I o [ N 3 g S N RS g =
JF o e T R B A O DGR R I R A DL &
HAEAA B AW RIK LR
FEERVW], ZEE R AE 0 3L 56 LY AR 9 %5
PR E LA 0 B BN A 35 Y Y L R R,
BRI X P AL E O RS SR B A
Bz S AR o, LPBP 44 4% 2 i 2 %
BEEF(9.3% T M AT W 2L 15 4 bk
I H 25 2 B PR A B LE A5, B Thr S0 Ath b 75 24 HE R
(1) ) LPBP 2H B AR T HoAh & 20, A v] B2 0 i
IR L)% 530 T LPBP 4 o, — B& 46 A5
5 CSN1S1 .CSN3 3£ [ mRNA ik 5 1 2% F
Hofb g2 . fER PSR P, Bach %50 (7] IR )M
EARAKFE (15% F118% ) K AR /N i £ BE 4 3k
PR AR B (5 T AR 2 S IR A B I AN IR 25 57,
S H AL i) 19 4 Fim ke, 245 R R WA I H
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W EA R A D0, AR T H Al S PR A 5, 22 %L
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] O [ 2 Bl ) B AR e A S BILE Y 5 3 4R A1 —
wE%,

=
.
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Effects of Different Amino Acid Patterns on Casein Synthesis in
Mammary Epithelial Cells of Dairy Cows

ZHANG Xingfu' DU Ruiping® AO Changjin'® GAO Min** LU Dexun®
(1. College of Animal Science, Inner Mongolia Agricultural University, Huhhot 010018, China; 2. Animal Nutrition Institute ,
Inner Mongolia Academy of Agriculture and Animal Husbandry Sciences, Huhhot 010031, China)

Abstract: The objective of this study was to determine whether different amino acid ( AA) patterns could af-
fect casein synthesis in mammary epithelial cells of dairy cows. A completely random design was used. Four
AA patterns were as follows: blood in low protein diet AA pattern ( LPBP group), milk protein AA pattern
(MP group) , 80% casein +20% lactoalbumin AA pattern ( CLP group) and casein AA pattern ( CP group).
Each group had 3 replicates, and all experiments were repeated 3 times. The mRNA expression levels of « -
casein ( CSN1S1) and k-casein ( CSN3) genes and the content of o -casein were determined by real-time quan-
titative PCR ( RT-gPCR) method and ELISA, respectively. The results showed that different AA patterns
could significantly affect the mRNA expression levels of CSN1S1 and CSN3 genes ( P <0.05). The mRNA
expression levels of CSN1S1 and CSN3 gens in MP group were significantly higher than those in LPBP group
(P<0.05 and P <0.01, respectively). Compared with the LPBP group, the mRNA expression levels of
CSN1S1 and CSN3 genes in MP group were increased by 1. 70-fold and 2. 12-fold, respectively. The synthesis
content of o -casein in MP group was significantly higher than that in CLP and CP groups (P <0.05), and
was significantly higher than that in LPBP group (P <0.01). In conclusion, different AA patterns play a very
important role in milk protein synthesis in mammary epithelial cells of dairy cows, and the milk protein AA
pattern may be an appropriate AA pattern. [ Chinese Journal of Animal Nutrition , 2013, 25(8) :1762-1768 ]

Key words: mammary epithelial cells; amino acid pattern; gene expression; casein
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