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B AANNLE 25 2R SR, LR E
LAEAE . AERR B . 25 N B 3 FZoh:
R p AL SES S Horp, fEN B, IR AR A
P S5 9l T i 2 S Tl (MIGAT) A 5 35 9ol ik ik
AW (DGAT) fEH R B & MH il =ms, Hl
=55 ApoB48 JE i iy L BE fohs F1 A% 1% 2% 2 A 4
M, BESTE Apoa-IV 2 5 T 9% i 910 PCTV %
B | R IAR, 7E Apoa-T /T HE ",

LA, TR E BRI Tz A,
SRR & SRR, A IEE K
(1) 2~3 F50, FEMFLsh W h g R B, AR
b2 308 ok i/ MR 2 R 1R 5 e A R B I A B AH
RILP ik, dEmIAR A8 D5 19 o e, (B AE
0 2y 18 20 2 O TR RHBIE NS i aE i 1 L BB DT
Rtz B Al = AR5 H iy fef DA

& ® P AR (GIFT Oreochromis niloticus) H.AG
PER AR PERE, BORMIRELN Z M, 2 Al
Bl P — o B S5 170 28 5 00 28 IR Y S AR AL T
VT AR R N N Rk R B, BT 2R R
3t BE LAY, 3 AT RS A SRR DT A & A o
AT VLT & P ARy SCR R, PR AN
(R 7K ST 5 6T 25 3 £ g 18 41 2Rk AR 7 R
1% i3 K fg BT TR B 5200

1 MESIHE

1.1 SEIRAR

Tk L 5 RN 3R o S IR A I SCEkt™, )
LI I NaH,PO,-2H,0 il B8 & 5 AN R B 3 41
Tkl AP EL AR i KA A R R W I 2
200 H, F84MEA 20 min, WA, FUIRE,
HEI R RAR, EJaHk, FERE R KN 2.0
mm, BT, ERKATE 10% 224, Sa ke,
=20°C {R A7 FH 43 600 B VL I AR f k) b S 15 i
43 51 1.21%(LPD 4H ). 1.75%(MPD 4 ) F1 2.66%
(HPD 4).

1.2 SCIE

RNA 25 (TRIzol) i | 4 H Invitrogen 2\ ]
(EH), WA & . qRT-PCR 26 it il 71
& B TaKaRa A F] (At 51), gqRT-PCR 5|4 &
ERAWA RAF G . S (TP) & it
F& G Sy, Hih =8 (TG) M {7 &
(GPO-PAP 1) FlliE 5 s Wi 2 (NEFA) I & i 7] &
W A R RUE Y TR T, APk A
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ABclonal 23 A (WP ). b= F 3 Rt ati, 1
A g E,

1.3 s 5HFEE

SO A SE T AR RE T — R Y, ik
FH 225 RRAEERRE . MUAS 3 — ) & B R0 [(8.89 +
0.01) g] HELERRTZ, A 9 DBIELF LG,
fr2s B, M3 ANEL ., RABKFEMEE,
T P 78 T8 A3 R AR S A 4, (o AR e b R
RAE . BRI ERRIR A, BRIy 8.
00 1 16: 00, #MEHTHATM G HK, &R 30
min J5 W AR . #EAT 10 SRS, X SEg AL
24 h, JH MS-222(10 mg/L) KBk 5256 fa, it
AT HAIE, AT H = (Triglyceride, TG)
Fi B e W R & FL A . WL IS A SLC34A2
SE NGRS 12 M G Ik PRUR i 3 2 20 R A i 5
THGFE BRI AE o

1.4 BB TGS=. HFEEME (NEFA) F148

ARHMAIBENE

R A8 B o A A ) TR 9 T R & B
ME TG &4 (A110-1-1, Bt Ry TS
B, BT, ) il NEFA & & (A042-1-1, Bt
HREY) TR, mat, THE). Z2REAm
SCHRPY, SR FEHAUIRER T (91O EEVE) N E W 1
LH A

1.5 SERTREEE PCR(qPCR) MM EFERIA

M4 A 7 SCR™Y, i Trizol 1543 85 % 4k
i 7 38 B RNA, fii H] TaKaRa [ 33 7% 5% 050 4
BRI B A B — 5% cDNA, 47T —20°C, H
TME M CHR FRIE, 2ObE /T NE L, N
TAERIERA (b2m, rpl7, hprt, P-actin, ubce,
18s rRNA Fl tuba) " i i (https://genorm.cmgg.be/)
geNorm 44T, 15 2] rpl7 Fl p-actin 1 3% 3K K-
faxe, FrLABE XS rpl7 R B-actin X FE R HEA T
Fridt, Lt 270 J5 kA R A AR AR Ak

L6 EBRRGERENES

MR STk ™ 53, F RIPA 24 ) (G3424,
JOMFERE I AR A BR AR, E) Hg P AR
WiE gl 2, 5 A 2R . WK I A B
TN, ZRBEHE, K40 pgE A LFEE]
SDS-PAGE JENEEFLIN 120 V BRIk, B B R
By . fdi i PVDF %, 270 mA % IX 120 min, A%
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1952 Ko R 46 &
F1 A ZEE PCR FTAMSIHFET
Tab.1 Primers used for quantitative real-time PCR

FEF AR ER 5195 —3") I 5H1(5'—3" NCBIZ %77

gene forward primer (5'—3") reverse primer (5'—3") NCBI RefSeq
slc34a2 ACCAGACTTGGACCCAGATG GCACCTTCTTGATCAGCACA EU647752.1
dgatl TCAATGAAACCGTTCCAGG ATGTGACAGTCTCAGAGTTCCAC XM_003444020.5
dgat2 CTAGATGGAGCCAGAAGGACTTC TCGTAGAACTCCTTCACTTTCGG XM_003458972.5
mgat2 GTATGGAGCTCATCTGGTACCAG GAGGAAGAGAGACACCCATGATC XM_025910896.1
cd36 GGTATTGAGGTCTACCGCTACAG GAGATGAAGACTGGTCTACCGTC XM_003452029.5
fabpl AGCCCAGTGAACTGTATCTGAAG TGCTACAGATAGACATCCACTGC XM_003450322.5
fabp2 GGAGTTAACATGGTGAAGAGG ACCTGATAGTTCTGTTCCGTCTG XM_003452249.4
Satpl GGAAAAAGGGGTAGTCAGG TGTTGAACTCTGGTCTCTTAGCC XM_003442099.2
apob-100 GGAGGCTATTGTTGAGAAATCGC CCTCCATAGTGAAGGCAGAGATC XM _019345512.2
mttp AATGATGTGTCTGGGAGGTGTAC GTGAACACTGTAACAGAACTGGC XM_005458713.4
rpl7 TGCCCTCACAGACAATGCTT GTCTTCTTGTTCATGCCGCC XM_003443469.4
P-actin GTGTGATGGTGGGTATGGGT CTGTTGGCTTTGGGGTTCAG XM_003443127.5

ERER RS, FERIETH =R E A 2 h,
TBST¥E#, FH 1:1 000 L 1] %% B& 1Y SLC34A2
(A9460, ABclonal, H1[H)4°C ¥Rk FIFE K. &
TBST V%, MIA L : 10000 Ff4H GAPDH (#2118,
Cell Signaling Technology, 3€[E)25°C #KFH
1 h, TBST ¥&%, f#i /] Li-COR Bioscience 8 £ 3§
LI AN N 1% 2 48 (Lincoln, USA) {4, Image-
Pro Plus 6.0 3K F3E4 7 K BE 43477
1.7 BIESH

{8 SPSS 19.0 F % B 4w AT G 1T R ot
K FH BN 2 5 2250 1 (One-Way ANOVA) £ 56 45
v, M5 =z 2 R W R, FIH
Duncan [C 5 % 8086 9647 2 &t . $0dE DL
B + FrifETR (mean + SE) /R,

2 4

21 ARENMAREBIKEX T E & SRR s
MhiE#H S ERF N

AT LPD 41, % Efnflpih 2 sms b el %
iz i SLC34A21 L 5 B FH ik K F- 78 HPD 4
WEF R GER 95.7%; 1 202.1%)(& 1-a~c),
H HPD 4B A4S 2t B 2 E I (79.2%)
(1 1-d). 25 RV, ARk AT T e 4 i s 1
HATBEIR R 5512 W0F o
2.2 FREIAREEK T IE @ BiE R IE
5558 ERIER (NEFA) & 2/80

5 LPD 4iAHt, HPD B & FIHH I =18&

https://www.china-fishery.cn

WL dgarl IRk (29.8%), K G I i W i ik A
cd36, fabpl, fabp2, fatpl I35 (11.2%~54.0%),
T U G Wi R % 32 £ K apob-100 ) 3£ 15 (37.7%)
(1% 2-a). [AIE, g 20 e i 5 A 7 R 7K P Y
LT (241.1%)(K 2-b). 253 R, Rk K
ST AT AR 3 R T8 R 77 1 W SO R R H Il = i
G R, SR i LR Rk,
Bt 44 NEFA BY& & .

23 TEARBKENTEARIEAR TGS
2 K5

TG & &bt & R e i i (& 3).
F#F LPD 40, HPD e NAniEAHY TG &
(42.9%).

3 i

FEMFFLSIY P A 3 FhahmE b R s Ak, 4
S TR (Na/Pi-T), 11 % (Na/Pi-IT) Al 111 %4 (Na/Pi-
D, H R S ah i b A 18 AR A oe i b,
TF 5% 3¢ BH 0 25 i 38 RN B J0E %) M 15 R B 1 3
4 Na/Pi-IIb &Y, HIEA sic34a2 Gt AHF5E
R, AR ACE TR B E R AR 2
R T [ 4% i 24 SLC34A2 AYFE H AR 1 3635
IR AR, Jin SECORFSE T /0N B XS B 4 i 7
MU, 2 0 i DRl I 9 4 ) S 2 4R T/ U op
SLC34A2 W ik, fEMR+ —48mdh, W%
10 d B, fIRBEADEHE 35 44 = NaPi mRNA LK Y
Fik, (HEMEFE 60 d B, ikl 13 NaPi mRNA
FyFEF ik, HMIRPAEM 7 160 d I, B
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B 1 FREARBKENSE S IEEFEELMBIESEIZ A (SLC34A2) MR HE SR
(a) slc34a2 HIFE R KKK . (b)(c-) SLC34A2 IR A RIEKT. (d) BSE
AT BE 56 T B RO AN R 20 2 (B A7 1E B35 1 22 57 (P<<0.05)
Fig. 1 Effect of different dietary phosphorus levels on SLC34A2 in the intestine of GIFT tilapia
(a) Relative mRNA expression of slc34a2. (b,c) Relative protein expression of SLC34A2. (d) Total phosphorus content.

Bars that do not share a common letter mean significant difference among different groups (P<<0.05)

g o
« 7 20 [JLPD [ MPD [l HPD g
z 9] &0 -
HJ%‘ % 1.5 ¢ bb b b c E §
;<ZC :<er 1.0 a b b a ad aa b b c . g §
& ST =
EE a - a 18
Bo “z
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2 1 2 3 4 5 6 7 8 9 Z. LPD MPD HPD

Hih = B A JIE I i TR Wi RERR TR iz
(a) (b)

2 FEHAREKEX *E?HE’%%‘E ¢ BE AR ER 4% IE X FF1 NEFA S 2/
(a) JIE D7 R 6 38 AH DG RE R R T8 /K ~F o (b) NEFA & & AN F RER IR AN [ 4 2 [0 2 15 &35 22 3 M (P<<0.05), 1. Bt H il O-Fk 5 % B g
I(dgatl); 2. T8t 3% H i O-8t & % 72 iy 2(dgat2) 3. a-1, 6T 58 K HE -WE 2R 1 2-B-N-& Bk 20 6 & Wl % B B (mgat2); 4. IR U7 B % o0 g
CD36(CD36); 5. JlgliER 4 & & A 1(fabpl); 6. Mg ER 45 & & 11 2(fabp2); 7. MG ER%51E 8 1 1(fatpl); 8. %X JIE & 4 B-100(apob-100); 9. fki
PRH I =R E L 5 1 (mttp)

Fig.2 Effect of different dietary phosphorus levels on fatty acid transport genes and NEFA in the intestine of GIFT tilapia

(a) Relative mRNA expression of fatty acid transport genes. (b) NEFA content. Bars that do not share a common letter mean significant difference among
different groups (P<<0.05). 1: dgatl; 2: dgat2; 3: mgat2; 4: CD36; 5: fabpl; 6: fabp2; 7: fatp1; 8: apob-100; 9: mttp

K7 NaPi mRNA BIFERFEL, LR ARBES.  rhynchus mykiss) J 18 "' NaPi mRNA fy 3% R %
EWABFIEEY, BRI (Onco- 1A%, X R FRIERIBEKTE T, A[F 3hH 48
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Fig.3 Effect of different dietary phosphorus levels on
triglyceride content of intestine

Bars that do not share a common letter mean significant difference

among different groups (P<0.05)

X EHBE  3 B AR P e W AE AR X ] IR AR, ARAFSE
KI, 5 LPD 4AHL, HPD 8% k0 78 41 41
RS R, X5 W H M (Pelteobagrus fulvidraco)
IR TR S5 FAR I, Avila 260 BFFE R, oy 6
i 35 20 2 e Tl TR Yk R T R v gl v B 1 1
M3, Sz, ARFREMW, SEEExT S kM
Ji7 1 41 LR B P [R) A im 2k ik SLC34A2 MR EA 2
HEVER

ARG, B R R N % A fa g i
HAWH M =B & &, EWLahiaaR
B, el vl DAREARI AL . A5 G i 2 s
J A Er U0 (R R K T X £ 2 3 4L 2 s
JoT Fr i B R ) H RSO SCERGE o AT — 2Dt
FERI, AR KT T 23 14 i g 1 4 20 5 A
IR ik o d5cdlT AT 5% 28 B H I — R A SOk DG 3
mgat2 1 dgarl TERG FTACIH i 2 SCHAE >,
dgat HEfEHE K B RGN M H Il = e o & g,
H dgarl B)FRESPEANEIR T863 f5, H il =Wk & A
REAZR, HAE R, XUl dgarl BE KX
Hh = EE A A I R . AR,
= R RHMIE HE T dgarl W SE R R IRFH I =5 &
W NN, M mgar2 B [FIAE 2820
Hh =EER o =, H R 2 AR £ i 18 2
A mgar2 FEREA WHEFW, RAFRIERN, &
WA R E 2 R £ 18 41 2R I IR W AU S 35 (R
(cd36. fabpl. fabp2. fatpl) WIF&3k, i 1g W2
He A0 & 3L K (apob-100) HI 235, T 38 in iz 1
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Effects of dietary phosphorus levels on phosphorus and fatty acid transport and
triglyceride deposition in the intestine of GIFT tilapia (Oreochromis niloticus)

LIU Xiangyuan, ZHAO Tao, GUO Yushi, HE Yang, LIU Guanghui, LUO Zhi®
(Laboratory of Molecular Nutrition, Fishery College, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Phosphorus is an important mineral element in animals, and it is an essential component of bone, phos-
pholipids, nucleoproteins and nucleic acids. However, there are few studies on effects of dietary phosphorus on
phosphorus content, fatty acid transport and lipid deposition in the intestines. The present study was conducted to
explore the effect of dietary phosphorus levels on phosphorus and fatty acid transport, and lipid metabolism in the
intestines of GIFT tilapia. Three diets were formulated with phosphorus at the levels of 1.21% (LPD), 1.75%
(MPD), 2.66% (HPD). The diets were fed to juvenile GIFT tilapia for 10 weeks. Compared with the LPD group,
HPD group significantly increased gene (95.7%) and protein expression (200.1%) of the SLC34A2 and total phos-
phorus content (79.2%) of the intestine. Compared with the LPD group, the HPD group up-regulated the expres-
sion of the fatty acid absorption-related genes cd36, fabpl, fabp2, and fatpl and the TG synthesis-related genes
dgatl(by 11.2% to 54.0%) , down-regulated the expression of the fatty acid transport-related genes apob-100
(37.7%), and increased the content of non-esterified fatty acid (NEFA) (241.1%) in the intestine. HPD also
increased TG content (42.9%). In conclusion, our study showed that high dietary phosphorus increased intestinal
TG content by inhibiting the fatty acid export and up-regulating the fatty acid absorption. Our study may provide a
basis for the further elucidation into the mechanism of dietary phosphorus influencing phosphorus and lipid meta-
bolism in fish.
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