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Western-blot F15E i ¢ ) %€ £ —PCR ( RT-PCR) J7
AL xCT 1 ASCT2 #5 F Hl mRNA KA,

R . S A i B (203 IV, Bio-
Rad 24 ) AE M A AR e, R H L 63k, 3l 2 96 £L
MR 73 6O BE T (Fisher 22 W] ) M 42598 4
L P JBiE R TS AR i v AR P BT A R R R R
TR RRRE i TEAT S R ) R TN T M 95 K Pl ik
(SDS-PAGE, Bio-Rad 7 ] ) Fll %% BT AT & (2
THE R4, Bio-Rad A H) ) , 43 5 K ill xCT , ASCT2
FFZEH -5l 1 (B-actin)  H KL &,
I H Scion U KA (Scion 23w, Jf 75 7 L vw)
X R HEAT B 625 B 0 5

8 I BUIAR B RS BRI R . xCT —H1 8 B
Pt N xCT £ 3 F& Bt 1& ( Chemicon, Temecula 2\
Al) , 6% Bl A4 W5 i 51 1x = 38 IR 0 5 F e
535 5% vh iR W (TBS) itk f7 1:250 R,
ASCT2 —Hi W ¥EH A ASCT2 Z kil (X e
A E PR A BRA ) ,1:2 000 Fi B 5 B-actin — T
Sk BT B T 4K ( Bio-Rad A H]) ,1:10 000
B P bt AR E A G (1gG) Hi ik
( Bio-Rad 24 7)) ,1:10 000 Fi %,

FEIAI . 518 30 A= KN DL 1, i Tn-

vitrogen 2y A& .

Gk e iz 12 AR B I mRNA

&1 SIMFFIFFEH RN

Table 1 Primer sequences and product size

A 518751 e RN GenBank &35
Genes Primer sequence (5'—3") Product size/bp GenBank accession No.
B R/ e s R 3 e 3 Ak F:CTCCATCATCATCGGCACCGTC 47 NM 011990
xCT R:TGCAGCAGCTCCTCCGCACTGA -

M4 FL s bk 17 2% X
rRPE R IR s B Ak 2 F:GAGCTGGATGAGGTTCCAAA 473 NM_005628
ASCT2 R:GCCAGCAAGATTGTGGAGAT
B-NLEh & A F:GGATGCAGAAGGAGATCACG 150 AY550069

B-actin

R:ATCTGCTGGAAGGTGGACAG
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K 25 pL AR &R, KR A S iQ
SYBR Green Supermix RT-PCR i | & ( Qiagen A
A]) A5, #5417 RT-PCR kil ( 526 % # RT-PCR
X, Bio-Rad A ] ), #EAEFE T Jy. I e SR ¥
(50 C 30 min) ; & F FASPEREF (95 € 15 min) 5
PSRRI, A 45 MER (95 TN 15 s,
54 CiBk 15 5,72 THEAH 15 s) ; 45 i f £ 72 )5
(60~99 C,LL 0.1 T/s B9, HE4729¢ 6
M) .

A 25 DR 5 5 5 3 DR AR O 26k e LU B A0 3
ANUF

R = 92—y FHI0IEH-FEF ) .

AR Ry H R AR 2R3k LAl ; Cr R
R NSy
1.3.2 25l A [l i 26k R 25 400

BT 56 23 I P 1] i e ot 284 O 5 PRI 94 [
a7 el R ORI R e ) I R S RPN
Leica DMR H5%2% i e 5.0 xR R 4 3k A1
F s B Rl g 14 9% 6 e BE | e s TR B RN - T LR
. O S/ R R R R (S
JE+RREIREE) .

1.3.3 25 A el g 40 20 S AL A8 s K- e
23 Ji Rl g v A3 I H K ( GSHE) TR AL L 45

Ot H IR ( GSSG) % & i 95 12057 & ( Bio-Rad 24 H])
VLI, 2R L 03 o 96 FLARGEE AR 23 6 % BE 3
(Fisher 22 w) ) #4702 . /) g i J5t Y 4% o 1 K
(GSH) &t i LA F A E kA

GSH =GSHt-2xGSSG.,

/N B BURARE TR PR & ( TA02, Oxford
oy ED) LB R He ekl 96 FLAREEAR 4 6t
FETHHEA T E
1.4 Sitoth

K SAS 13.0 #f4 one-way ANOVA 317
t KBS AT . RIS R LT 45 MR B AT
PIbRAEIR R . P<0.05 o255 B 35

2 &% B
2.1 BHMMIHFRENGRIELZ TR

H 3% 2 F146 3 AT, S FLAFAE AR L, W 4
H 023 i A 806 v BB A ) e BRI T 55% A
47% (P<0.05) 5 [l B B3 s R B 3 o) i 25 34 hn 17
146% 11 99% ( P<0.05) ; 53 51, Wi W41 5 =5 i it [
W ) R M JEE B ARDRT T W LA A, I 43 ) S = s
T 13% 1 14% ( P<0.05) ; fi Toi& 12 25 g ik S [l
W , W A7 1 i LIS B2 5 Wil LA 4 A e 34 T 2
FA3 L (P>0.05) ,

K2 FR=HHEBERSETN
Table 2 Mucosal morphology change in jejunum of piglets (n=12)

i H WL 2H Wi s 2H SEM P{H
Items Suckling group Weaning group P-value
HEFE Villus height/um 501.93 226.82" 3.19 0.027
P85 R Crypt depth/pm 132.46 326.00 3.73 0.018
BB/ BREIRE V/C 3.79 0.70" 0.04 <0.001
FHHRIEE Mucosa thickness/pum 634.39 552.82" 6.20 0.042
- WUE B Smooth muscle thickness/ pm 191.21 184.72 2.28 0.098

* /R G FLAM L 2E 5 8.3 (P<0.05) . TR,

* mean significantly difference compared with suckling group ( P<0.05). The same as below.

x3 FREBFERSEZL
Table 3 Mucosal morphology change in ileum of piglets (n=12)

Wi L 2H Wi SEM P1H

Items Suckling group Weaning group P-value
Y5 E Villus height/pum 457.18 243.42° 7.87 0.011

Fas3 R Crypt depth/um 133.49 265.41° 6.25 0.026
HEBFRE/REHRE V/C 3.44 0.92" 0.09 0.013
FhiE ) Mucosa thickness/wm 590.67 508.83 " 10.64 0.038
3 WUE BE Smooth muscle thickness/um 188.95 196.21 2.97 0.059




73 EAKHG S I XT38 /N A R/ A BN 5% 42 3R B 2 ) 3327

22 BHEIXFE /NG xCT E B % mRNA
RIEEHN T
2.2.1  FUHWr AR N xCT B R IR B
Al

K H] Western blot 438 5 1% , B2 H AT /)N
Jig 4L 2050 3% 40 P TR 40 i T S b G 0 #1) xCT
AP E R, SR/ N ASSIK i
PR S A 40 6 T v A 0 8 1% xCT 2R 4 T i 3
H 40 ku, f7HE /N xCT 2 £k w25 45 R
BRI 2 iR, SHFLTHEA L, Wi ir i 2
Y LVSTIE A0 AR PN JSORD 41 7 T0 R xCT 8 (1 R 3k
B S ERE T 11%.20% F 20% (P<0.05,
B1) s T A5 Il i L 2050 5% 200 it PN 5 /0 440 i T
JE xCT A RBE AN B ERS T 11%.17%
M 22% (P<0.05,E 2)

Homogenate Intracellular Membrane Bound
xCT— - — —_— <«—40 ku
SU WN SU WN
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xCT protein exp!

Homogenate Intracellﬁlar Membrane.Bound

SU: M FAF 3 FEA suckling piglet sample; WN ; Bi 45
¥ FEA weaning piglet sample; Suckling: i ZL 4 suckling
group ; Weaning ; Wi #5341 weaning group ; Homogenate ; 2 21~
3% ; Intracellular ; 41 /It P9 57 ; Membrane Bound : 40 g TR fii,
TG ML, 2% 5% (P<0.05) * mean different
from suckling group ( P<0.05), I l[f] the same as below
B1 FHE=EPxCTEBRLE

Fig.1 xCT protein expression in jejunum of piglets

2.2.2  FUHK XT3/ MG xCT mRNA EiE 511
A

HH 3% 4 AAL, Wi 93 475 25 W v xCT mRNA %
IR LA = T 99% ( P<0.05) 5 B 4
FERE % xCT mRNA ik &5 FLAT0% 0 25 4
BT 82%(P<0.05)

Wi S FLF /Mg xCT R R B ES
mRNA 3Rk i Z [A] 1 Bz IR BRAH A3 Br 4 R Ank 5
Jr 7R o W W5 A4 5 i LA 0 25 B R T g 2 2

WAL T AN TR Y xCT 2 [ &k i 5 X
I 7 Bt xCT mRNA Rk 5 2 (8] 35 52 1F [a] 28 14 ¢
Z(P<0.05) ;25 I Al iz 20 43 5] 3% 40 M9 PN J5a RN 2
TR H xCT 2R [ 3R 35 i 22 [l 52 0F ) e 1 %
#,HZE5 5% (P<0.05),

Homogenate Intracellular Membrane Bound

o o - o
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B-actin —>‘ ” ¢ W <— 4 ku
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Fig.2 xCT protein expression in ileum of piglets

2.3 EHERI 3T {FIE /NG ASCT2 & H K mRNA
FRiZEHF M
2.3.1  FHA W 05 XA 5% /D B ASCT2 & H
ESSLy Ni0p A

WE 3 Frs , FE25 B 2150 0% 4 i P9 5T T4
JHL T2 FEE v 43 ) G 00 2] 43 B i R 57 ku Y ASCT2
EA, SWFLF A, ASCT2 25 15 Wi 541 4%
23 M AL GUAT IR A L P BT A L TR RSE T ) 3R i
SRR ERE T 25% .26% 1 35% ( P<0.05) , 10
Kl A BRIl 20 8050 3% 4 PN 5T R 248 i T s
LG 3] 4> T & 57 ku B9 ASCT2 M, 5
Wi LA A L 38, 7 W 03 A5 ] iz 28 4050 3 T2
MIT B th ASCT2 SEH R E M B EREG T
50% F1 33% (P <0.05) , {H 7 [0 iz 40 i oy S o
ASCT2 AR B HEA W EE(P>0.05)

2.3.2 U Wr 05 X5 AR5 /N 1 ASCT2 mRNA
T3y N0 -A

H & o n] J, W W A7 4% 25 I A 2L b ASCT2
mRNA Kk & B AT A W& 80 T 454% (P<
0.05) ; [ 725 i 2l 21 h ASCT2 mRNA 753k 540
AR B E S T 136% (P<0.05)
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&4 {F¥\F xCT mRNA RiLE
Table 4 xCT mRNA expression in small intestine of piglets (n=12)

i H M FL2 Wr i 41 SEM P
Items Suckling group Weaning group P-value
251 Jejunum 0.001 7 0.003 4* 0.000 5 0.021
[81 % Tleum 0.003 8 0.006 8* 0.000 6 0.016

R5 (FH=MOE xCT FE5 mRNA RiZEHHEELMHE

Table 5 Correlation of XCT protein and mRNA expression in jejunum and ileum of piglets (n=24)

25 xCT mRNA £ ik it [l xCT mRNA ik i
WH xCT mRNA expression in jejunum xCT mRNA expression in ileum
Items N " N %
LIPS P1H MR AR P1H
r P-value r P-value
JiASE
HEVSR T XCT B IRk 0.62° 0.005 0.27° 0.004
xCT protein expression in homogenate
4 . N
AP T XCT 45 1235 B 0.41° 0.007 0.60° 0.036
xCT protein expression in intracellular
2 A T5 CT iR . .
IR} xCT 8 1223 0.40° 0.025 0.18° 0.031

xCT protein expression in membrane bound

* FRWFEMK, K TF,

* mean significant correlation. The same as Table 7.

SHXW B ASCT2 mRNA ik 8 2 0321
M2 56 22 (P<0.05) ;25 I Ml i 4 4R 50 3% 4 i
RGN B TR P ASCT2 BB R B2 g

Homogenate Intracellular Membrane Bound

e <—57ku

SU WN
W B2 e R R, H2E 5 B3 (P<0.05)
?I'\g SU WN
i £ 3.0 mm Suckling Homogenate Intracellular Membrane Bound
B G| e aserz N - - s
< .
€5, SUWN SU WN SU WN
e
e s g B-actin _>- -_—— " <44 ku
5 ! SUWN SUWN SU WN
13, 0.5 @ § 2.4} ™ Suckling (X Weaning
n . & %
g< 0 3 Hﬂ§2.0
3 Homogenate lntracel]u]ar Membrane Bound % % 16 .
R s
B3 FHEEH ASCT2 BARE 2 os . R
Fig.3 ASCT2 protein expression in jejunum of piglets i‘gg 0.4 ) . ' ¢
«\ 85K patetes KK
§< 0 B8

W 3 475 5 W FLAT 35 /D ASCT2 28 11 3R 3k
it 5 mRNA Rk i 22 (8] 1 B2 IR #RAH 5 73 B 45 21
TR, W AT 5 5 0 FLAT 5 25 i Fn Il iz 20 21
A0 AN M P T 40 i TO R ) ASCT2 2 11 6 35 i

Homogenate Intracellular ~ Membrane Bound

E 4 {F3EEM ASCT2 EARILE
Fig.4 ASCT2 protein expression in ileum of piglets
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R 6 {F¥/\H ASCT2 mRNA RiXE
Table 6 ASCT2 mRNA expression in small intestine of piglets (n=12)

i H M FL2 Wr i 41 SEM P

Items Suckling group Weaning group P-value
251 Jejunum 0.001 3 0.007 2* 0.001 5 <0.001
[81 % Tleum 0.001 1 0.002 6° 0.000 2 0.036

R7T FRE=FHMEG ASCT2 E5 5 mRNA RiZERIHEXE
Table 7 Correlation of ASCT2 protein and mRNA expression in jejunum and ileum of piglets (n=24)

z2 [ ASCT2 mRNA RikH
ASCT2 mRNA expression in jejunum

il Jr Hh ASCT2 mRNA ikt
ASCT2 mRNA expression in ileum

i H
Items N " N %
LIPS P1H MR AR P1H
r P-value r P-value
44157 ik it . .
AP ASCT2 B 1R IR b 0.41° 0.021 0.54° 0.026
ASCT?2 protein expression in homogenate
AN T ASCT2 2K 1 ik it : _
627 0.018 547 0.029
ASCT2 protein expression in intracellular 0.62 0-54
4 i A i . .
IR ASCT2 1 223k it 0.46" 0.012 0.53" 0.035

ASCT?2 protein expression in membrane bound

2.4 EBRHWIHFIE /NG IR M R EK F B R

I L A B 0341 % 25 % GSHt . GSH . GSSG 7
HAMBPTARE SR E 8, SHFLITHAHLE,
Wi 5& 4 i GSHt & i 2 % A B 3% (P>0.05) ;
23 GSH & i B L AT J% 10 3 BRI T 34% (P<

0.05) ;%5 GSSG & it b i 7L A7 #8 o 4 1
83% (P<0.05) , S FLAFH4 A0 Lo, Wi 54155 25 1
GSH/GSSG W& % T 66% (P<0.05) , Wilhff
WEMWEL AL, = B AL EE 1A W
3L (P>0.05) ,

*8 (FH=+ GSHt.GSH 1 GSSG & £
Table 8 Contents of GSHt, GSH and GSSG in jejunum of piglets (n=12)

WiH Wi FL 20 Wi 2H SEM P1H

Items Suckling group Weaning group P-value
BABEH K GSHY ( nmol/mg prot) 2.78 2.80 0.12 0.917
I JFE AR B H K GSH/ (nmol/mg prot) 2.02 1.34° 0.12 0.037
AL RIS DEH K GSSG/ (nmol/mg prot) 0.38 0.73" 0.06 0.045
I AL IO H B 4 A B AR B H Ik GSH/GSSG 53.16 18.36" 5.47 0.029
HPrEILEES TAC/ (mmol/mg prot) 32.54 26.84 2.41 0.125

i L AT 5415 10 B HF GSHt, GSH . GSSG 7%
HAMBPTALBE WA R W E o, S FLATIE A L
B, i GSHt Ml GSH 7 1 43 il b 3 R T
31%F1 35% (P<0.05) ; {H [ Jl7 GSSG % & & A 4¢
RS (P>0.05) ; Bl g BPTEILRE T & T
W& T 27% (P<0.05) .

3 % 8

N7 7L 20 400 i e M e 2 ) A PR R A X A A
I W) JCHE AT A B A R ST A [ R X M P9 A AR
P AIEE R BAT R REAE R A A I A
5% B 2 i B 23 1 HIL i ik A 58 e WE S8 iE W, H
SR ZEYUECR G BRI 18 7 B 2 o)
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ZER, SRR R M TR B,
Smith 25" BIBFSE B R, 15~ 21 H W4 475,
5 23~28 HIR Wi B9 45 A0 Eb, 7T DL S BV 7

S iE R D REVE ZGL . AEARBESE A, 10 Bl
TS 3 A3 /N W 2806 T, s TR R IR, i ]
TSI E RO TS R YR R R ASCRIA

*®9 {F3¥E+ GSHt.GSH 1 GSSG &2

Table 9 Contents of GSHt, GSH and GSSG in ileum of piglets (n=12)

gE| WL 20 BT 28 SEM P1A
Items Suckling group Weaning group P-value
BAMEH K GSHY/ (nmol/mg prot) 16.54 11.29* 0.88 0.031
R B H K GSH/ ( nmol/mg prot) 13.32 8.63" 1.17 0.460
AL B K GSSG/ (nmol/mg prot) 1.61 1.33 0.23 0.077
W JFE AL B H R/ AR B2 bt H K GSH/GSSG 8.27 6.49 1.04 0.126
ByrEkBES) TAC/(mmol/mg prot) 53.82 39.54" 3.38 0.014

X~ R Gese AR AN I 7% S R/ e R 28 4 &
g0, ER A E IR Z R 101 LR ) i i
T334, W T 2 % O 400 G P9, 05 A L P 2 Ak 1Y)
HRMRE BB A AN X R G A EAE T
4F2hc FIFEHE T xCT, Hivh xCT & X R4 Y
FERAR, T 3T A YA PN A R RN 4
SMNRIBEE R . X RG B K W2 T K&
ZE il PR g e 22 ) A B T S AR AR 2 AR R
WF5E 40, Burdo 457 B R MR T 19+ — 48 i Al
B E ARG 2 xCT & 1, H xCT 2% 4R 07 T 40 i T
- DA 45 R/ W R 1 % 32, Bridges %Y
5% & B, xCT A AE K v i i 3 48 43 2 W/ e
R, AEH5E 40 M 9 23 &R/ e & R 1Y K F B AR AR
IO 385 L 24 200 1 1 f B . McBean' "' 5T W
X N A ARG i A ARG R, A0 3
A xCT 5532, 23 2 IR 2 LR ok &
B BEH K, SRBTHLAR N 1 ALK, A SE &
BT A3 /N b xCT 0 3, LK 45 0 47 5% 708
xCT HARBEEERS, UL xCT N T KT
/N 1 S AR N OK T T T AR R, DL
Tt /N 4 iR/ e R 1 e iz, 5 DL A A
SRS SE R —3,

ASCT2 J2 44 25 it 1 5 4 404k, 724 = R
FAS S Bz (0475 34 ke 52 B2 A, Epler %670 f
FERIN, B L B i AR A 55 1 pH AT DA i2F 4 il
X A G I e 1) W AT, K8 A 2 Tk e WO AT A i 988, [+) s
fEA ASCT2 mRNA fRiEEF R, AR R D
R, RIS T ASCT2 16 /N 2 214 B 43 1Y
HE A mRNA Rk &, Biird/Na a8, 5

Wi 7 AR L 12 R R AR Z PP, ASCT2 Wiz
BB BN LASS 8 1T LS8 T A TR | L—F e 2 i
AN O e e R X A B e ) e A2 AT T A
VR o A 36 W7 05 A 4 Al AR TE O b, o e 2R
IG5 S W A7 35 (5 ~10 kg, 0.41%) B E I3
TR R USRS 21 e 2R, ~F Dt 2R 5 A 2 Bk
JHe & 15 5w 4 ASCT2, i AU AT 75— 5%

R EWMAST YT, S AR SR
GSH , H& R MA & B > . KEHislshd,
B &R I -5 A S TR GSH /Y FE R,
XA R R TR T T W 053 5% GSH ™ B it
ZHR I, HETIA N GSH &R N EEaH & ik
FN B R R R SR PR B BT, R AR
oK 2 BF, GSH st 2 1) 4 16 B 4% e H K
(GSSG) 5675 | 53 GSSG i B I 225 HH ¥ 9% 1Y
WELY L GSH+2GSSG 1 &5 i 2877 40 i 1y
GSH M5! D) GSH/GSSG % 71 41 it 48 1k 18 )5
R ARG 45 R Bow |, R W AT 5 2
e GSH & T %, GSSG & & i #4425 ; H [l
4tk GSSG & %A W3 Tk, X i B 1
Wr 3 A7 5 25 i Ak 1 7™ B 1 AP I IR 2 1 [
1) A0 N SR S BEAIG, vT BB S i 0 B ALK A
By B AL N R A ¢, W GSH 7 B 1k 40 i 40 57
A A A Ty T A AR, R A e
BRG B iz 4R & 103 2 I B A R/ 4
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Effects of Early Weaning on Expression of Glutamate/Glutamine
Transporters in Small Intestine of Piglets

WANG Qiuju1 CUI Yizhe'* WANG Mengzhu1 JIA Junfeng] HU Haiyan2
WU Zhimin> GENG Zhongcheng'
(1. College of Animal Science and Veterinary, Heilongjiang Bayi Agricultural University, Daging 163319, China;
2. Animal Husbandry Bureau of Duerbert Mongolia Autonomous County, Daging 166299 , China)

Abstract; The purpose of this study was to study the effects of early weaning on the expression of glutamate/
glutamine transporters in small intestine of piglets. A total of 40 piglets with similar body weight and 10 days of
age were selected from 40 piglets of different sows. They were randomly divided into 2 groups with 20 piglets
in each group. Control group piglets were suckling piglets, feeding with sows. The experimental group piglets
were weaning piglets, isolated and weaned. The trial lasted for 10 days. At the end of feeding, 12 piglets were
randomly selected from each group, jejunum and ileum were collected, and the gene and protein expression of
glutamate/glutamine transporter were determined. The results showed as follows: compared with suckling pig-
lets, early weaning significantly increased the expression of glutamate/cystine exchange transporter ( xCT) and
neutral amino acid transporter 2 ( ASCT2) proteins and mRNA in the jejunum and ileum of the piglets ( P<
0.05) . Pearson correlation analysis results showed that the expression levels of XCT and ASCT2 proteins in is-
sues homogenate, cell endoplasm, apical membrane of weaning piglets and suckling piglets showed a positive
linear relationship with the expression levels of corresponding mRNA in jejunum and ileum ( P<0.05). The
height of villi in the jejunum and ileum of weaning piglets decreased, and the crypt depth increased, with sig-
nificant differences ( P<0.05). The total antioxidant capacity in jejunum and ileum of weaning piglets signifi-
cantly reduced ( P<0.05), and the content of oxidized glutathione (GSSG) in jejunum significantly increased
(P<0.05), and the content of glutathione ( GSH) significantly decreased in ileum ( P<0.05). Early weaning
places the small intestine of piglets in a state of oxidative stress, significantly increases the expression levels of
xCT and ASCT2 proteins and their mRNA in the small intestinal tissues of weaning piglets, so as to promote
the uptake of glutamate/glutamine and reduce the level of oxidative stress in the small intestine of piglets. [ Chi-
nese Journal of Animal Nutrition, 2020, 32(7) :3324-3332 ]
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