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RBERETEREFARNBEBRE+ "M LE
M BRI R EXEEHERENHR

B Bk

B K BN

(PR R B AL 7 SO BE TSR, 07 WO R B SRS R s 100193)

W E. KRR A RARERE T RIS WS IR+ 45 M L 4 B 3t B B B AR X #E
AR B A R R A LR T R AMAE T, X 0(EA) 0.5.1.0.2.0 ## 4.0 mmol/L 5
ANRBBE R L Mo NEL MERMA ST min, LRAW . RRABKES+ 3% Lk
B BB R R E % m (P<0.05) , BB R & Bk B 6938 e 2R R =k W & 38 e (P<
0.05), 5atrEaAart 4.0 mmol/L 2069+ =35 Lk safe 11 b A 4h 5% b F 4535 24K ( NaPi-
I b) #= T AUHAE 3635 B 4K 1 ( PiT-1) %9 mRNA A8 & 2 2 8 % B4 (P<0.05) , % 4.0 mmol/L 4864
+ =3 £ & fm e b THUEE £ iE K 2( PiT-2) %9 mRNA 83 £k 3 £ 2 F T4 (P>0.05), R
) A R A+ =38 8 b & am B NaPi- 11 b PiT-1 #= PiT-2 B @ A X £ 2 E % 0 (P>0.05)., &
I L | A A R B 638 m | an R BB B3 e B R P BRI E 4 4.0 mmol/L B, JR
ARIE I P83 BE A+ = 35 W £ R 28 6T 38 it T 98 NaPi-11 b #= PiT-1 # mRNA & A k8 55 6%

B,
KRG 230w Lk i, B EE B ROk
HE 5y EKS:S831 TR ARIRAD . A

BRI T S 7 o R X T
WHIZE  BRVE Sy E 2 Pt 7 S 7R AR
HA I JC AL Py o i ok W 2 ARG Y AR KRS, {H
S, DI PR RE Ry 32 0 PR RS ) R v i) gl DR 40
DI R B 1 T8 X AE A, AR KB 43 A Be 1 ML I ik
FIFH, AP FH 00 23 BE 28 3 HE 3 1A A1, 3 A B8
Y R FEARBER S N B N g b B i
WS 431 HIL il ik 75 2 B R A B BF 5T, X X0 T 4y
TRV IR D R RS A EE R L, PR A
W, iR R B ) EE G P, W2 b BU4H
Wit [A] % iz 2% /K (type II b sodium-phosphate co-
transporter, NaPi- 1 b) 35 ) EE g i, HIA
XSHLAR T 38 o 985+ =48 B NaPi- 11 b TG HLBE T
iz 3% 4K 1 (inorganic phosphate transporter 1, PiT-1)

Y75 HH#A:2019-03-06

X EHS:1006-267X(2019)09-4186-08

FICHLBEF% 12 254K 2 (inorganic phosphate transport-
er 2, PiT-2) Y235, Sk 835 1% Bl i g e [
A0 A K o SCRR AR IR W] A2 i XS /N NaPi-
|| WSS NS o e~ | U o S DS D R L v
I RIXGRG IR+ 48 I b Bz 40 W s s R B T
ANEBEHREE (0.6 F1 48 mmol/L) T J5 A8 35 35 A Y
XRG4 B v AH DG B 5% 52 2K ( NaPi-
Il b PiT-1 Fl PiT-2) mRNA 235Ky 728 4k | {H H:
LERLRI | IZA I AT 6 A1 48 mmol/L Y07 5 i
Wl B 2ok R, AN BB ik R Wl A s W A v 1Y 0 T AL
L S 3 e N L € 2 G S L < 9 B 1 R P U )
I B2 IR A 85 5% TR XS XS R+ 48 B b R 4 i
WA A S B R O W8 e i 28 1 3 | 8 R i e s IR
Wy o3 ALE, I 4 5 220N g B W o3 1 AL AT

HEWMAB WK AKRP RS EH ST H (31630073) ; R A AR5 410 LI H (31472116) ; B K H 0 & 11 X135 H (2017 YFD0502200) 5
& KA =l AR AR R L L KL T2 3% (CARS-41) 5 H [ AL Bl 24 Be Bl A B T 72 £ 3951 28 3% ( ASTIP-IAS09)
EERAN .5 W8(1993—) , & b ARME A BT A NS5 sh )8 37 5 DB R 410758 . E-mail: 1715803225 @ qq.com

« BIEEE . P HN, W5 5, A S, E-mail . wlysz@ 263.net
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FE I R L B S

1 #MRlERZE
1.1 Rt

TR R FH B N 58 2 B AL T, 78 T il S
Wb LI IR — S8 (KH,PO,) JTE R 5 MUk B,
I35 R 0 (Xt EZH) 0.5.1.0,2.0 F14.0 mmol/L 3t
54U, B e NER,

1.2 Rz

18 IR IR B2 4k 25 I ( AA ) TR X X0 1A g 13 3] It
BT AR ARG A T
1.3 WERES

To W LA W . % Bobeck 251 5 Bk TC
% 137 mmol/L S L #4 ( NaCl) 5.4 mmol/L 5 1k
g (KCl), 2. 8 mmol/L 4 1k 45 ( CaCl, ).
1.2 mmol/LAiFR#E (MgSO0, ) M 14 mmol/L =3 i
LG KW B —Eh R ( Tris-HC1) (pH 7.4) B JCHE Bl
W, iTUERREE 4 CIRAFEH,

R W TR DL B TCHE R R L KH,L PO,
(TR 2B I AS [R) v B 1) %, S B R B, 4 C IR AE
.

1.4 HBBIE+ 15 LR EmMPEREE

SRR T o B AN Y O i R AT
PRI X R 48 B b R 2 ) R AR =
1.5 MBIBEE+ 158 b K 40 A IR W A B O P45

TELM M 3% 24 F 48 h, XoF 40 ffl 37E 47 400 o 345 s
1 FH ( TEER ) {H | By £L3% o 38 DL K 35 57 W v i) 7L 1R
i Uil (lactate dehydrogenase , LDH) Jif V£ %2 .

1.6 MBBEE+ 1 LK HEBEREREBH
WE R E

SHZEREIN " B T v AR A W CASE 7R g A
g 5L (UG S A WY X IR+ R B L Rz i e i
PRI PEAL ) MBS 72 48 h )5, W57 % H
37 CICEHE R E PE LK, SR I 43 0l 1m) &> 2 B
FrAL WM AAS [R] v BE @ A B W 1.5 mL, Tt
AT ELRE M 2.6 mL, 15 3% 87 min J5 UKL,

1.7 HmAESHE

W0 B W AUCEE . F 87 min B K544 B
LT E R TR O, -20 THRAE, D&
e bl 5

NaPi-1 b PiT-1 F1 PiT-2 mRNA L)} & 1% &
F 2238 10 20 AR US4 . 9% 87 min B, 37 RIKE 45
B AL B b R W AT U E mRNA Rk

B AEFL N A 0.5 mL ¥ B Trizol, #K I 2L fi#
5 min ; %2 B IR 2 R A A A B FL A 0.2 mL
B8R A R A RIPA 2L AR W, UK b 2R
10 min, YiE, T-80 CHEAF, LA#5 )5 £ %€ NaPi-
[ b PiT-1 Fil PiT-2 mRNA DL} fHiFE 35,
1.8 H&AH

TEER {8 B £0 0 % B 7 i 35 52 s g
(5 A TN . ARG IR LDH 36 P AR S R 5t
AR ) T AR T AR G A A T

K 1 82 %2 Y & - PCR % ( gRT-PCR) 43 Hr
SRR+ 48 gL b NaPi- 11 b PiT-1 I
PiT-2 i) mRNA A XF &35 527 B H 51 935 1
FAt 5T Invitrogen 23 &, DL H 10 — 3 — 5 152 I 44 it
(GAPDH) 5 -3l i H ( B-actin) /£ N 2 J
27T R DL 3 R H A 3 IR AR X
ki, SIS B 1,

& H Western blotting 77 ¥ 43 H1 J7 A0 K 7= + —
18 b Bz 40 M9 b NaPi- 1T b PiT-1 1 PiT-2 H# 1% &
F AR XF £2 3k % DL GAPDH & HE A N
Z BT E DL 3 R B A AR A R IR
8 U — POk IR B AR B A 440 T . GAPDH W
JE LA L B R A R A A, 58 % HX1828,
T FASH 1:5 000 ; NaPi- 11 b W [ b 57 1 B8 25 4=
BARBIRAT, 575 bs—0856R , Fi Fef %L 1:2 000
PiT-1 4 F 3¢ [¥ Santa Cruz Biotechnology /A 7 , 4%
5 SC-98814, i B fi5 %X 1:500; PiT-2 g [ ¥ [H
Abcam/A 1), 55 ab64412 , 7 B %L 1:5 000,
1.9 HESZIT S

FH SAS 9.2 B rfr— i £ P AR R O R R X T
ABARHATER R T 200, 25 B EH, LR/
B E2ZH0L (LSD) 45 P E [ 1) 22 73 B 3%
PE o FASAE G HR AT 43 A 4% 48 b Bl ol 78 7K SF- 1
LebEs e R T AR T REAR
ER 1 MR HIT, UL P<0.05 fE IR 2Z 7 B
EERI W AR

2 % B

2.1 PAIBIBAE+ 157 b Bz 40 e IR I A% B B 4
FE 2 m] UL, 7E 40 M 40 ) 1% 5% 24 R 48 h i1

TEER {H¥ 5 T 300 Q - cm?, 4T i i ¥ /N T

5% ,LDH Jfi PEAb FHAKKF-, {H 48 h ) TEER {H

5ardEid R I6 24 h M2 5 8% (P<0.05)

L, (i FH R % 48 h A0 A7 i IR G
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Table 1 Primer sequences
A RS k727 B kR YK
Genes Accession number Primer sequences (5'—3') Tm/C Product length/bp
II'b ZI R 0 IR 7 i 2k A4 F: CTGGATGCACTCCCTAGAGC
NM-204474.1 : 12

NaP-1b 0447 R: TTATCTTTGGCACCCTCCTG 00 8
TotLmsE iz 3k 1 F: GCTCGTGGCTTCGTTCTTG
PiT-1 XM-015297502.1 R: GGACCATTTGACGCCTTTCT 00 108
TCHLE 5% iz 1Ak 2 . F: GCAGCAGATACATCAACTC ‘
PiT-2 NM-001305398.1 R: ATTTCCACTCCACCCTC > 153
H B — 3 — T PR i KO1458 F: CTTTGGCATTGTGGAGGGTC s 198
GAPDH R: ACGCTGGGATGATGTTCTGG

-3 F. ACCTGA AAGTACTCTGTCT
B HR.KJJEE NM-205518.1 : ACCTGAGCGCAAGTACTCTGTC 60 95
B-actin R: CATCGTACTCCTGCTTGCTGAT

®2 ARABFHESKRCEFABBR+ 1R LR AR TEER E MOETRE LDH &t
Table 2 TEER value, phenol red transmittance and LDH activity in primarily cultured duodenal

epithelial cells of broiler embryos at different culture time (n=12)

By Rt ] TEER {f (AR SO LDH 75 ¥

Culture time/h TEER value/{) - cm® Phenol red transmittance/ % LDH activity/(U/L)

24 327 1.28 258

48 446 1.06 270
AARiER Pooled SE 4.78 0.07 3.63

P {H P-value <0.000 1 0.04 0.39

22 AEBMREMNBERIEFABBE+ R LA P e R 2L ki 28 m (P<
b R 240 R e st R T 2R 9 B2 M 0.05) .
HH ¢ 3 mT UL, Bl 5 vk BE A3 n , + =48
=3 AEABREXNEREFABIBEE+ M L 5 20 o R R 5 22

Table 3 Effects of different phosphorus concentrations on phosphorus absorption percentage in primarily

cultured duodenal epithelial cells of broiler embryos (n=6) %
37353 3 T ES
Phosphorus concentrations/ ( mmol/L) Phosphorus absorption percentage
0 0°
0.5 10.8°
1.0 16.5°
2.0 18.7°
4.0 21.7*
HEABRUER Pooled SE 0.69
P {8 P-value
W4 FE Phosphorus concentration <0.000 1
2 Linear <0.000 1
TR HHZE Quadratic <0.000 1

IR B AR A F/ING F R R 22 5 83 (P<0.05) MR EFRRREF AR E (P>0.05), FERM,
In the same column, values with different small letter superscripts mean significant difference ( P<0.05), while with the

same or no letter superscripts mean no significant difference ( P>0.05). The same as below.
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23 AEABRKENEREFTZEB LEMElB % LAY NaPi-Tb 1 PiT-1 i mRNA
NaPi-N b PiT-1 1 PiT-2 mRNA % 88200 Wof e ik i 3 A% ( P<0.05) , 1 4.0 mmol/L 41 i
MR 4T, + =480 LAt NaPi-TT b 2480 LR 40 PiT-2 /) mRNA AHXS 3R ik 7
() mRNA AHXF 355 & B A BRI e B4k TREFZM(P>0.05),
ik (P<0.05) , SXFHEZAH L, 4.0 mmol/L 41+
F4 FEABREMNEREF+ 215 R MM NaPi- U b PiT-1 1 PiT-2 mRNA &iE IS0
Table 4 Effects of different phosphorus concentrations on NaPi-Il b, PiT-1 and PiT-2 mRNA

expression in primarily cultured duodenal epithelial cells of broiler embryos (n=5)

Wi 2 b BUEABE I Rz 8k LB B 8k 1 TG 18 2004 2
Phosphorus concentrations/ ( mmol/L) NaPi-1l b PiT-1 PiT-2
0 1.00* 1.00" 1.00%
0.5 0.99* 0.94* 0.90*
1.0 0.92° 0.72" 0.72°
2.0 0.81° 1.16" 1.11°
4.0 0.49° 0.70° 0.81"
H A hriER Pooled SE 0.08 0.09 0.07
P {8 P-value

W4 BE Phosphorus concentration <0.01 0.01 <0.01
2 Linear <0.01 0.13 0.41
R4 Quadratic 0.11 0.16 0.41

24 AEBREMERIEZEFAFABBE+"#EE I+ 160 Lg% NaPi- 11 b PiT-1 Fl PiT-2
4 B A NaPi- 11 b PiT-1.PiT-2 & A R IE &0 HHEFE AT FHHW(P>0.05)
H1 5] WL, A [ 896 v J3E 0 Dt AR5 % TR X8 39
x5 AEBEREXNERAEFRAGGIE+ _IEFMM P NaPi- b PiT-1 7 PiT-2 EHRIXH# T
Table 5 Effects of different phosphorus concentrations on NaPi-I[ b, PiT-1 and PiT-2 protein

expression in primarily cultured duodenal epithelial cells of broiler embryos (n=6)

2273}-3 b BUEABED RIS im 2k JEHLBE S 204 1 TeHUE e 2 #ifk 2
Phosphorus concentrations/ ( mmol/L) NaPi- [ b PiT-1 PiT-2
0 1.00 1.00 1.00
0.5 0.95 0.96 0.74
1.0 0.94 0.98 0.83
2.0 1.03 1.04 0.96
4.0 0.86 1.16 0.75
A FRUEDR Pooled SE 0.06 0.05 0.08
P {E P-value 0.36 0.08 0.11

5% i, B4 0052 20 L T80 7 TR

3 % 18 11 LDH J2: 75 4 i 3% P9 M8 1 fige ok A ke i A 4
30 EREFABBETZIER EEMMBRE M, e R IR R R g A S
BTl FEABTIE T 2 8RBl 2 A0 P O i

2 A A D R S S R D R A RIAIMRAMG B SR R Y R, LDH i M K/
TEER {EL AN} 2135 3o S (0 KNSR FI W, 86 SClk i mT DA R (B 42485 1 0 B ) 3% 0 o A il 6 v 7 440 i
i, TEER KT 300 Q - em?®, Bp£LiB kb B/N T 3535 48 h i, 40 fd TEER {8 RIS 4035 1 % 14 24 h
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AF A SCHRARGE TP ) BK , H LDH % M AL F AT
K, MRS R, Wkl Likfr F— 41
5,
32 AEABMKREMERIEFABERE+ZIER
AR R R
I 9 e B, KRR 3 A o A
RRBE K 1 T T T e 5 WA W SE SR B, v gt ] LA
8 1 R I R A O R AR S
AR AT RS B B 9 vt e BT D A, H Y
T A AT TR W K P T o B — o R B I I
AT A T s AR E A B
FEVL W 5T & I, Y 15 5% W b Y W B AE 1,56 ~
6.25 mmol/ LI, 7 9% i B W5 15 57 W Y
5 OE A G, (H Y @ vk B 3% in #) 12,00 mmol/L
11 o 1=3:70177E - 31 U A b i il N
SR IR W v R R R G kb A S i iR Ah
JEARE S+ 35 W b R A Y Oy kAR - g
i % Bt ) WA WA 46 I A Wl e 1% 34 o 3 5 Y
v B T &= 24 mmol/L i B R B &
AN T B R ) T R T TR v AR 8 T A5 i
FEA S UL B SE A A R0, PT RE 2 B T e b
W A AR , Fe e A 4.0 mmol/L, K I oK i #1
PLE Sk s o B
33 AEAMKENERIEFRTZEB LEAEM
NaPi-1 b PiT-1 F1 PiT-2 mRNA 3% i 2l
HufC A K&ESCEW , MNah S 5%
MLHE W i 1) %% 38 344~ NaPi- [T b %} F PiT-1
1 PIT-2 5/NA W R I AFFEE HL 2P, Liu
R g kOB, WAF XS+ 48 B NaPi-T b
mRNA 1) 1K B 2 HE 1 8 JC AL W 32 1% 34 o i
BE A FIREAY  Hu 557 B 2B, AT+
E b NaPi-1 b A1 PiT-1 mRNA (1) 3 1k % 1) AR
TV 8 10 484 o i 2 AR A 5 SR A DA 8
PR A IR -1 46 i b e 40 1 Oy vk & B, Bt O
B IRBER B X80, 1+ 38 W b B A Napi- T b
M PiT-1 mRNA 335 B 3 AL, A8,
NaPi-T bA1 PiT-1 mRNA ik 5 FiRHGE —2, 24
WA T £ 4.0 mmol/L B, + 8% 2 40 g
H NaPi- 11 b #l PiT-1 f) mRNA X} 28 3k & i 5 4%
15, 2 W M Bl ok i A s Bsf, Tl AR+ 48
e 4 R NaPi- T b F1 PiT-1 mRNA B3k, KM
TR R WL, R R IS R B ] DR ARG )RR AT
B EHE NaPi-T b mRNA B3k H 5 A Ay

AEEEARBER S T, WK 258 i b8 Napi-11 b
mRNA {14 3 15 4 38 Jii1 gy T8 X B (%) 52 AC LA 3 2 ML AR
T2, 5L A8 AN R A% 3 56 v 5 I vk
(0.5~2.0 mmol/L) 4t BEXJ -+ — 48 % I Bz 4 fifd
NaPi- 11 b ) mRNA %35 0 g & 52 W, Jit (A ] B 2
FH T 200 5 5 A5 A A I 5% 5 W A 6%
YEREANE B B A K S AR, B DA A A0 i X R
0 e A IR e B Wi S R R SRR, Sk AT R Hu
F TR JFACE FRA IR AR W 1 R An
M/ Y PiT-2 mRNA 3 35 8 e 5 09 7 i i
BETE . AR, PiT-2 mRNA k50 F
RIEAR— B B, T R A 356 v T 1 R
FEBAR 8145 PiT-2 mRNA F4) 28 35 X W ik B i i A
BRURR R B
34 FEBRKEMBERIZFZABBE+ 1R
40 B NaPi-1 b, PiT-1 #1 PiT-2 EA KL W
=AU

i sE R R AR AT LUAE /N BN Na-
Pi- b AWM EEDY RGN+ 4 b ik
LT AL B R ] RV B AR [ A T LA AR 4 A
A+ H5H NaPi- b & (A E L, 5 SUF BF
SR, WA B BE A T, =48 % NaPi- 11 b
A1 PIT-2 W25 F R 35 W35 TH s, T PiT-1 (8 H &
IR 5 E R, A EE H, NaPi- T b PiT-1 Al PiT-
2 TR IR IR IR BB TR 3 1 28 b i AR Ak, L PR ]
AEEMFIE 5 W A ) s A A, s g e B AR s
I 45 W b B A R gE R B, 5 0 IR A
FHEG , BRI 6 mmol/L [ XT R XS 39 ik + — 48 i -
FZ 40 NaPi- [l b PiT-1 I PiT-2 2 1 &AL
FRW, A b B A B P R v R B =
4.0 mmol/L , XX IR+ =45 % I J 40 o NaPi-
b PiT-1 il PiT-2 & 1%k I & A2 b, AL
SEIR Sk A B ST 4 A — B, ARER ST, B
BB ARG B R A Y BAR A 1 S R T BE R
T 20 R B 5 AR R ) A B B SR R R Bl AR A A
Fraife A B 0 A 5 0, MO AS 75 298 1 A
I A2 B AR 1) B P 3 R R X Ml ) IR A 5 ]
B W 18 2R 1 B 1 3R HHXT T mRNA RiBH
JITHiESR
4 & it

Wil 5 0 7 Y A R T B 00 P Tl TR A R
s 240 5 W P B MR B O 4.0 mmol/L B JEAC S
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FER XSGR+ 38 B b i 40 i BB i T U8 NaPi-
I b A1 PiT-1 i) mRNA 235 33075 8 i W i
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Phosphorus Absorption and Related Transporter Expression under
Low Phosphorus Concentrations in Primarily Cultured Duodenal
Epithelial Cells of Broiler Embryos

LYU Na LYU Lin LIAO Xiudong ZAHNG Liyang LUO Xugang”
( Mineral Nutrition Research Division, Institute of Animal Science, Chinese Academy of

Agricultural Sciences, Beijing 100193, China)

Abstract; The aim of the study was to investigate the phosphorus absorption and related transporter expression
under low phosphorus concentrations in primarily cultured duodenal epithelial cells of broiler embryos. A single-
factor completely randomized design was used in this experiment, the cells were randomly assigned to 5 groups
with 6 replicates per group, and then treated with 0 ( control group), 0.5, 1.0, 2.0 and 4.0 mmol/L phos-
phorus for 87 min, respectively. The results showed that different phosphorus concentrations had significant
effect on phosphorus absorption percentage in duodenal epithelial cells ( P<0.05) , and the phosphorus absorp-
tion percentage was linear or quadratic increased with phosphorus concentration increased ( P<0.05). Com-
pared with the control group, the mRNA relative expressions of type I b sodium-phosphate cotransporter ( Na-
Pi-1 b) and inorganic phosphate transporter 1 ( PiT-1) in duodenal epithelial cells of 4.0 mmol/L group were
significantly decreased ( P<0.05), but the mRNA relative expression of inorganic phosphate transporter 2
(PiT-2) in duodenal epithelial cells of 4.0 mmol/L group had no significant change ( P>0.05). Different
phosphorus concentrations had no significant effects on the protein expressions of NaPi- I b, PiT-1 and PiT-2 in
duodenal epithelial cells ( P>0.05). In conclusion, with the incubation solution phosphorus concentration in-
creased, the cell phosphorus absorption percentage increase; when the incubation solution phosphorus concen-
tration is 4.0 mmol/L, the primarily cultured duodenal epithelial cells of broiler embryos can regulate the phos-
phorus absorption by reducing the mRNA expressions of NaPi- Il b and PiT-1.[ Chinese Journal of Animal Nu-
trition, 2019, 31(9) :4186-4193 ]
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