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B OE. KRG EAR W AT A B 8 4 5% & (I-FABP) fo — Ik 4535 31k 1
(PEPT1)mRNA % i #9 & H W T LB B R BT 6 %rh, vL 69 k(21 £3) B 8 WA x
KX RAFHE A RIS, B % R 3 kAT B, M A 66 kMM, A 24, F4A3A4NE
B, HANAEL N Sk, sTRBAFRA MR, XA R +1% 520, BE % 3,
5.7.14 XX Ao xf B A I3 Sk AT B (3127 X)) R+ =38 M . 2 W f = i 45
JE 20 28 #F B, i@ it 52 Y 2 % PCR & ) £ I-FABP 4= PEPT] mRNA# 2 ik %, £ R 2 %.1)
I-FABP#= PEPT] mRNA #) % ik 8 & &M L E % £ 5% (P >0.05) ;2)I-FABP #= PEPT1 mRNA
Bt 230 EhAee ey F ok B AW i )E BT, B % 3 Reh Rk F AR, B E KT i
W% R (P<0.05),m/G&# 7%, % 14 KA 2)9%44;3) X 5 41 I-FABP f» PEPT]1 mRNA £ ¥
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B AW ( glutamine, Gln ) & B4 7, H % & 5
5 U B A LR, A 2 R R8T 05 AT 5 B T 4
e RISy B 5 T S 2 T A Y O X 3R v U 3 £
IR IH AL RIRCRE A — e E . BFoE B,
TS A FPIE 2 A 0, 8 3 25 s Bk AL 45, MR
A S M 359 0] LA i Sk 3l 490 i T 6 A I e A
IR o /RS A G N 2h T 45 R e It
LS IWEI S BIAN 7Do - =B K KR A oL a e
X375 25 ORI 5 2 W A DT 405 DAL R S I A
Je R AR IS /N R s T R A B T A el
BRI 5 3% B T 00 A ) A v VR I 4 2 T e ] 42
o0 W T T W AT R g, (E A T e 4 v T i ) B 1Y
PLEE H TR AR 05 2, b F R i3 2k 1
B IR W B i 2 AR A, O A
ST e ] R 2 3 Ao B R MR 3 AR 1 TR R Gk
T IR T BE o AR B 78 0 95 A7 4 Wi % )5 /)N
)i %5 & 1-FABP 1 PEPT1 mRNA 3235110 % & P48
b B 4 Bk e % Fe mRNA =3k (152 0, Oy itk — 20
WF5¢ 1-FABP F1 PEPTL [ 3] g #1 4% 24 ok e 1) 76
HLFR At — 22 i B AR B o

1 #MB5AFZE
1.1 R

Ak - 4l EE =99. 9% |, 4 @ WiVT48 75 B4k
SHZ)
1.2 RKi& it R B

FEH(21 £3) H W 1 #E x K x RAFHE 69
%, FWEY KB SE3 3k, B4 66 k4% hm 77 iR 56 2
SREEHLGY K 2 4, B 3 A EE B EK 11 L7
L O R o R N W E S
M+ 1% 45 & W Mo 2 50 3 mib 1R AR $ B NRC
(1998 ) By vfE e il BB IR 4t IR B 4L L 1% 45
GRS QS5 51 oK, 8 Al i) R 4 AR S B 57 K
PR,

Wiy 24 K BE L B 3 Sk 8 %, I T Wi )s
55 3.5.7 F1 14 K MK R ZH R 56 2H 43 3 B 3 sk
AT B S (R B =2 5 K, 361127 k) . &
SERTAEEE 2 h, JB 52 5 T IR, O 37 B 45 4L
BUI T DI B B, oK 9 A T B
FIBIE, 72+ 38 it i 5 om kb 25 i T i 1/4
Ak TR R B A B 10 ~ 15 em 19 7% 48 8Y I -
/g TR A B R K i T 2R A T U 2
A 1.5 mL BLA R, -80 CTHRAT .

1.3 2 RNA fREUKR k¥ %

B RNA il #2377 Trizol ) B 2€ [E Invitrogen
23] 5 sk RNA R B R 430606 BE TS TN 260 Fi
280 nm T 1O B 5 4 S e 550 & (RT rea-
gents, TaKaRa 24 f] , HAC) #E47 S 5% 55

x1 EMAMEABREFRKE(RTEM)
Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %

i H Items
JEB} Ingredients

4 H Content

/NFE Wheat 15.00
F K Corn 42.57
¥ Soybean meal 23.00
4k K & Extruded soybean 8.00
.l Soybean oil 1.30
.75 Whey power 3.00
fa %) Fish meal 3.00
i R FRER Lys - HCI 0.35
DL - 5% DL-Met 0.08
frh NaCl 0.30
1 #; Limestone 1.30
R &4 CaHPO, 1.10
Wik} Premix! 1.00
41t Total 100. 00
EF27KF Nutrient levels”

ML H B CP 21.38
Mk AE DE/(MJ/kg) 14.19
#E Ca 0.99
B TP 0.65
AR AP 0.46
4 Na 0.25
ERR + AR Met + Cys 0.75
2R Lys 1.35
&R Thr 0.82

DBy 4 T %5 R A The premix provides the
following per kilogram of diet: Cu 200 mg, Mn 50 mg, Zn
140 mg,10.60 mg,Se 0.30 mg,Fe 140 mg, VD, 400 IU,VE
20 IU, VK, 0.50 mg, VB, 1.50 mg, VB, 3. 60 mg,Z i pan-
tothenic acid 10. 0 mg, iM% B% pyridoxine 3. 00 mg, JH iz nia-
cin 27.00 mg, VB, 0. 009 mg,4: %)% biotin 0. 15 mg, M-fig
folic acid 0. 55 mg,

2 B F K 1B Y, Nutrient levels are calculated

values.
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St 52 7 PCR (real-time PCR, RT-PCR) 5|4
BITR ] Primer 5. 0 8/, B# IR A I HORA
FRAE G B 59 XSO 2.,
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Table 2 Sequences and parameters of specific primers for real-time PCR

WiH ok 519751 (A FERIR /N
Items Accession No. Primer sequences (5'—3") Localization Product size/bp
NARR TR LE A A 3% : AACTACAGCCTCGCAGACGGAAC
NM_001031780 208 ~ 381 174

I-FABP - T : CCTCTTGGCTTCTACTCCTTCA
- iz 1 I : GGTTTAGGCATCGGAGTAAGAAGT

iz & EU400159 LU : GGTTTAGGCATCGGAGTAAGAAG 740 ~ 895 156
PEPT1 T i : GGTCAAACAAAGCCCAGAACAT

i : TGCTGCCTTCCTTGGATGTG
18S rRNA AY265350 . 1499 ~1 697 199
' F i : CGGCGGCTTTGGTGACTCTA

1.5 REGREREH E=107""",

L 18S rRNA 4 Z 5L E i M A5, X -FABP
1 PEPT1 i 47 AH Xt 5 & 73 #r. RT-PCR i 7
SYBR Premix Ex Taq Il B H 4~ Takaka 2\ &), 52
1£ PCR {¥ ( ABI 7500 real-time PCR System, 3% [
ABI A7) Eitty,

PIIAR ¥ 7 2 pL, Premix Ex Taq™
(2x%)10.0 pL, & 10 wmol/L | FiE5 ¥ (1-
FABP | T 51445 0.4 wL,PEPTL | [ Fiif5]
P14 2.0 pL,18S IRNA | T3 |44 0.2 pL),
ROX Reference Dye I (50 x ) 0.4 uL, K #H7&1%
Kz A 25 L,

S :95 C 30 s FiAEH: ;95 C 55,60 C
34 s JEAT A0 MG, FIEIR 2 DL R #EAT5
HE T BAFFIAE B 3 DEA, XG
Y 3 A COEPE AR EME, L AL AT
.

1.6 FRfEMEZRET

4% W ¥ 1-FABP. PEPTI I 18S rRNA [ 4
RNA [ 5% 77 ) FH WL 7K AU 66 B 7 Bl 1 ~
1x 1077, 38 1 ~ 1 x 10 7" 3 5 A>3 B2 Sy b i i
FRife i SO 25 R[] B, 8 3 AN B, BEAH
PCR X A a5 &, bn i it £ i 5 A 3534, 15 3]
RERFNY R R,

1.7 F=HilF

PCR 7 W) 36 70 M 19 18 A= W B AR A R 24 =) )
¥, R Blast 8444 i 15 2] 1) B X 7 31 5 Gene-
bank H1 5 SE 1 5% I-FABP . PEPT1 #1 18S rRNA 3t
R 2 1 47 7 40 [) 95 B A8, T A5 [m] 95 Pk 38 2
100% .

1.8 HiEsbE

45 & 48 | 36 43 #r (1) 1-FABP  PEPT1 D) K&

18S rRNA HrUfEf £ A 15 :

K E fy PCR 4 3303 slope Fy#tEE

I-FABP .PEPT1 #118S rRNA {4/ 35 % #4
I 100% HARH [R5 2276 5% LA, DL H By 2
mRNA 45 U155 % W #E 5 N 2 56 ) mRNA
(8% LB LB 26 7 mRNA 1A % 23k 5, 8 H
SPSS 16. 0 B 47 B PR 3R 5 22 43 A FIAR G 434 o
Bl ok AR R R TR, B iR Z2 L R R bR
2

2 & B
2.1 X RNA g

X ORI B AR S E AT WO BE AR DU &5 R
OD,, .. i 0D,y . H 1.82 ~2.05, i 5 RNA £f 5y
SR R AR D i R, AT T2 i
(.
2.2 EAMEZ PCRfRAEMEZENET

SR FIEA R 1~ 1 x 10 ™" 4k 5 A B 6 135 1)
7 cDNA 4y 31| 3#£ 17 I-FABP . PEPT1 il 18S rRNA
JE £ PCR [V, 15 31 52 I 2 & PCR A ifE Hh £,
RIS (R?) S} 0.999 2 ~0.999 9, 3 il 4 2%
99.6% ~105.8% , &4 F K AUG B R4, o] 11T
TR/
2.3 AR[EBFE I-FABP 1 PEPT1 mRNA &ix
TEF R

Hg 0 HR 2 A2 A W) i B 5 A A [l I T A 7Y
mRNA # i iR & J5 #E17 PCR J )i, 1% th I-FABP
mRNA 7£7%5 I 28 i i, i R, + 48
R, &EHBEZHZRARE(P>0.05) (K1 -
A);PEPTI mRNA 7t 45y Rk 28 m, &
A FLUR, 18l g 31, 45 o B ) 25 St R i 3 (P >
0.05)(E1-B),
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Fig. 1 Relative expression levels of I-FABP and PEPT1 mRNA in different intestinal sigments of weaner piglets

2.4 WTi{F3E I-FABP 1 PEPT1 mRNA %%
AEMETHURA IR EA N

FKHAEXT & 7 %, 5l A S 5L A 18S rRNA
Y IEA) 46 2 MO RNA Sl 4R 2R S5 AN AT 44 5 5%
H— AR & o B 27 ST HE -+ =46 .
25 W T8 g A X i EOE A A AT AR F) T-
FABP(2 - A B.C) #1 PEPT1 (&2 -D .E .F) 7F
AN TR s ] 2545 B Be e ik i A8 AL LA o

I-FABP mRNA {3k & 78 T 48 M . 25 i i
[l iz 1 2% 35 1 A8 A H I AR — 30, e W g )
JRTR B BT )5 265 3 R I Rk i e AIG, B IR T W
PR (P <0.05) , Z )5 Fik ot & Wi 7t , 2 W03
J& 55 14 KB B i (a8, B S T W ik ~F o 3k
35 2H AN (W] Ik 8] 55+ Z 48 W . 25 L [l i B T Y -
FABP mRNA ()55 TXH A (H2E R AR
F(P>0.05), W5 14 K, % A+ 2468 .=
W 1 A R Y T-FABP mRNA 335534 W E (KT
Wris 4 K (P <0.05), 1 i 5 2 4% I3 Bx 1-FABP
mRNA £k 5 3 5 W 45 25 R A A 2% (P >
0.05) , R I ARDIR H s 4 220 19 e T A 8 T % 41 4
T =48 2 W L s B RR A9 T-FABP mRNA 3 ik
PERIR I 2 W i K- o

PEPT1 mRNA 7 1 48 i . 25 g 0 [8] Jigg 1 &
Ik E ARG AR A — B FEWT Y S 2R R B
W5 3 KRR ERICH B Z MM T W24 K (P <
0.05) , ZJGRRFBW T, ZWTYIE 55 14 Kik
Ffx . PEPT1I mRNA 7&+ 48 I 1) 35 5 A
Wrlh 2 5 KT 4 2 W 3 >4 KK 7, 78 25 iz i [
Jor i 2 35 = 7 W W5 J5 A 14 RABAR T Wi 9324 K.
IR A W B 1] A =48 W 25 W el i 3 B 1Y

PEPT1 mRNA 3% ik & ¥ 5 T4 B4, fH 22 R A8
BE(P>0.05), Wil s K, X E4H PEPT] mR-
NATE T3 Rk B S Y KRR &% 57
(P>0.05) HiAKAFLREEERTWI YK
(P<0.05), DA% 5 3¢ B 28 S Wk i T 41 0F 97 0%
{75+ — 48 % PEPT1 mRNA )8 $2HTVK R 2 by
WyHT K- o

3 i i
3.1 WihiF%imE
ZEMHTWL
/NG FL3h Y I-FABP 5 &) K 55 g
0 B PRI W AL 3 B A B Rg 28 5 1 L a3 F AR A o
PIKZRN T I-FABP 1 S M i 18 B 15 40 Jf R 4>
BT, A6 W L B 4y H Rk A AN AE i 3 FN S
WU AR R BRI T 1-
FABP 3% ik (1) 4 20 55 M, WF X WA B IR N 1-
FABP JLNTEZ 2 B LA P # A Rk I H i
Lk BN FE S . [-FABP 3R 5 548 A
RERBELRA X . AR 155 5 R0, Wi
% I-FABP mRNA [k 816+ 18 . 23 i Fi [a]
TR %25 . AP IRE G, N+ 18
FN25 1 , NGB Tt 1) i Baes, Bl b R 40 i 5 B
P 3 K 4% i 5 1 ( LCFA) B J1 i) P4 AIX , I-FABP 3%
PRl 26 3 5L T S 3 ek 0 B A R AT AR RS
55 R S i iBE WA AR [R], 3X AT RE S fl AR
A S A — 2 1Y 25 5, Al B ok
WhAT ¥ 00 B 1B 5L TR 3% 38 B 55 AR W ZL 3 W s A
AT

I-FABP mRNA % 3% (4
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Z 204 F T N N % Z 804
E S N 5 B BN P E B
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W 93 ) KA Days after weaning & W75 J55 R 3 Days after weaning
E: %/ PEPT1 PEPT1 in jejunum F:[Blj& PEPT1 PEPTI in ileum

[ 4L AR ]G B FE R i A R B R R 25 57 35 (P <0.05) , MR PR R 2 A B35 (P >0.05) AR A
(7 FRF [5]3R5 BEAR T 7R 28 5 AN 35 (P >0..05)

Data columns of the same group at different time point with different letters mean significant difference ( P <0.05) , while
with the same letter mean no significant difference; data columns of different groups at the same time point without letter mean no

significant difference (P >0.05) ,
2 HAEBERMBTTET 1R . =5 . EEFE I-FABP i1 PEPT1 mRNA 1H31 & iEZE 8 %M

Fig.2 Effects of glutamine on relative expression levels of I-FABP and

PEPT1 mRNA in the duodenum, jejunum and ileum of weaner piglets

38 3 % i o BN 5 ( Northern blot) J7 4 1- 43 5% Fi Northern blot 1 RT-PCR 2 F 5 EE 40 1-
FABP JE[H7E 2 .6 12 JAWE I RXS B IR R A A FABP BERIA IR R, R WA [R] T v A6 0 o 3% 2
H G /N i v 23 (1) 3K B I 58 R W, ik I HIIR I H LU S A —FF, JF i — D5 E T
FEASTRI IS 9] A ] s b 1) F) 2 iR 3 R — 2 [k, RT-PCR BAF W sy R k'™ . HATiE A g %
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TWIAF5E I-FABP 3L K i B PR AL 9 AH G A,
AGK 5 R H] RT-PCR J5 i £ DU i 45 R 3% W,
I-FABP mRNA 7+ 45 [l . 25 i F 18] g i) 2 3k =
PRI 555 3 RIF M 2 I 3 ny a #, =W
W5 55 14 RIR B 5w (8, AR T W w1 K7 o
3.2 EY{F3ER7iE PEPTI mRNA Rz A B %
T

PEPT1 1}y k% iz 1R 32 B AE /Mg h 3258, X
IR F R WSS 31 G B AE ] . PEPTI 2K 1 Fl mR-
NA TEJUF ¥ 09+ 48 W F s i 8 © ke 21, 78
[a] i {1 F 38 , 285 W 16 1 I 0 AR R )
& s AR N L [6]— A~k 3 AN [l 45 B PEPT1 mR-
NA 73—, A3 PEPTL 12/ N 1 43
fif 2 P 1) Wi 48 2 J 40 J 17, PEPT1 mR-
NA 235 th 4% 6 00 1] Beuss #0028 T [ 5 2) T
fniE g\ Iy 0], B+ 48 W 2 Wl i PEPT1 43 4ii 4%
BB W A% ), Chen 25! F§ Northern blot [
Tkt s W], 23 1l PEPT1I mRNA 35 5 fe iy,
WA 480, B AR, 45 A 2k o W FL R
%57 PEPT1 mRNA ik & & T+ 48 1 & [l
FEWA 23 T 475 A R 2 /0 K R i 1 B g R
XS UL 46 W vh 0 2 3k 1 e v, RO 25 i AN [
[ ; %) PEPT1 mRNA Rk #1E + 2465 W =5
RZ, bRz, Sl ARt BN BE T
RIL,60 H g K 3 I 18 6 55 K 0 e i s 32
RKEF . shmEg, R+ =10
PEPT1 mRNA & ik im Hil T+ 24 mn
o B A e, 5 R 1) = SR S ds WA A S AL T S
W Alel i o G0 98 45 SR 09 A A W) a] e B T
i J5 3 1Y) 26 5 S R R AR IS i BORE RN
VL S IN gy R AT B ) S ) o

Miyamoto 25! ] Northern blot 437 7% Bk il
4 Hix/NMarh PEPT1 ik & iy, 5 2 28 H B
PEPT1 ikt & TR . WREE% ™ B R
TEFAE W S B, A W 7 Be PEPT1 mRNA () & &
PEF B AL IEA — B, W B i AN [] 358 57 78 /N K 1)
W b AT REAEAE 22 5. AR B 9T R B, PEPTI
mRNA 75+ 48 .75 W | 01 i 19 32 3k 1 25 7 W 105
J& 2JRR I AT 5 5 3 KB TR, WA
14 Kk 3 5 5
3.3 & =B X 95 F 5 85 8 1-FABP,PEPT1
mRNA %150

B R TRRENE R — Fh S5 PR b W5 AR, 7 3

Py Ab 5 R A R G B W 473 400 s 3 ) e
ST /N g X SR W RE Y B R
SR 43 W S I O A6 T % £ 4 R
B 2 B R DU K PR-39 mRNA Je 7 3 (1 4 6
HAPUA AR 1 (PG-1) mRNA 3%k E i, 08 5% 5 %
A, 2 1 A I S W 3 A 4 R DR SR A R A
—EMIE R o A 25 21 s A ) i B AN [
] 231056 21 ) I-FABP il PEPT1 mRNA 3£k £
e TOO AL HIC B E R R US A = I AT
PEMEWT I AE + — 48 = s R Y -FABP
A+ 46 PEPT1 mRNA 23k $2 fifk 52 2 Wr iy i
KAFo B 5 4R B R A & B ik X L-FABP Al
PEPT1 mRNA [{)3% kA — & e /R o

4 % it

(@ I-FABP mRNA )k 7525 i 5 , (91
FOR , + 8 W BAR, (B 45 I Be 2 18] 22 53 AN 2 3%
PEPT1 mRNA 7+ — 45 i i Rk i 5wy, =5 i
UK, [ g v ) Rk AR 45 o B ) G 2 22 5

@ I-FABP fil PEPT1 mRNA 7£ 1 1§/ .55
i A0 11 fgg ) 2 38 2 AR T3 J R B DB 558 3
PNIE STy o0 4 R E X N TR U PNN L TR ) SR
3~ 14 REXRFBE T

@ ¥RINA & Wt A7 5% 1-FABP 1 PEPTI mR-
NA FERME 5 =, BRI A 2 e mT i 68 W 03 4148 +
“Aq W = B e ks R T-FABP K T 45
PEPT1 mRNA ik gtk &2 = Wi g i K-
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Intestinal Fatty Acid Binding Protein and Dipeptide Transporter 1
mRNA in the Small Intestinal Mucosa of Weaner Piglets .
Developmental Expression and Influence of Glutamine

ZHOU Lin CAO Guangtian ZHANG Shuai YANG Caimei® CHEN Anguo HONG Qihua
(College of Animal Science, Zhejiang University, Hangzhou 310058, China)

Abstract; This study was conducted to investigate the developmental expression of intestinal fatty acid binding
protein (I-FABP) and dipeptide transporter 1 (PEPT1) mRNA in the small intestinal mucosa of weaner piglets
and the influence of glutamine ( Gln). Sixty nine crossed piglets ( Duroc x Landrace x Large white) aged
(21 £3) d were used as the exprimental animals, 3 piglets were slaughted at the day of weaning, and the rest
66 piglets were divided into two gruops with 3 replicates in each group and 11 piglets per relicate. Piglets in the
control group and the experimental group were fed a basal diet and the basal diet + 1% GlIn, respectively.
Three piglets were slaughtered at 3, 5, 7 and 14 d after weaning, respectively. Mucosal tissues were collected
from the duodenum, jejunum and ileum. Real-time PCR was applied to determine the mRNA expressions of I-
FABP and PEPT1. The results showed as follows: 1) no significant difference was observed in the mRNA ex-
pression levels of I-FABP and PEPT1 in the duodenum, jejunum and ileum (P <0.05); 2) the mRNA ex-
pression levels of [-FABP and PEPTI in the duodenum, jejunum and ileum were decreased obviously due to
the weaning, and the expression levels of piglets at the 3rd day postweaning reached the lowest and were signif-
icantly lower than those at the wearning day ( P < 0. 05), then the expression levels were increased and
reached a peak at the 14th day postweaning; 3) there was no significant difference in mRNA expression levels
of I-FABP and PEPT1 between the control group and the experimental group ( P >0.05), however, the ex-
perimental group showed a trend that I-FABP mRNA expression level in the duodemum, jejunum and ileum as
well as PEPT1 mRNA expression level in the duodemum recovered to normal levels early. The results indicate
that the mRNA expression levels of [-FABP and PEPT1 in the duodenum, jejunum and ileum of weaner piglets
change over time, and Gln plays a role in promoting the recovery of I-FABP and PEPT] mRNA expression
levels of weaner piglets. [ Chinese Journal of Animal Nutrition, 2012, 24(4) :704-711 ]
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