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Abstract: Phosphenolpyruvate carboxykinase (PEPCK, E.C.4.1.1.32), one of the key enzymes in the
glyconeogenesis , simultaneously ~ decarboxylates and  phosphorylates  oxaloacetate to  generate
phosphoenolpyruvate. The aim of this study was to analyze the nutritional regulation of PEPCK gene expression
in topmouth culter ( Erythroculter ilishaeformis) , a kind of freshwater economic fish with clean white flesh tasting
fine, tender and delicious. On the one hand, this can accumulate data describing molecular control mechanism of
carbohydrate metabolizing enzymes by fish, on the other hand, also provide reference and guidance to the
aquaculture diet formula of topmouth culter. Four groups of juvenile topmouth culter were pair-fed for 8 wk with
carbohydrate free ( carbohydrate 0% , protein 63.38% and lipid 9.13% ), medium (carbohydrate 14.45% ,
protein 50.14% and lipid 9.92 % ) , and high(carbohydrate 23.98 % , protein 40.53 % and lipid 9.94 %) levels
of carbohydrate diets and high level of lipid diets(carbohydrate 14.98 % , protein 40.88% and lipid 19.93% ) .
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Each group had three redundancies with 60 individuals. At the end of the experiment, livers of three individuals
were picked randomly per redundancy at fast and 3 h, 6 h, 12 h, 24 h after refeeding, respectively. The liver
was stored at — 80 T and used to extract total RNA using Trizol Reagent(Promega). Then real-time RT-PCR
was employed to detect the PEPCK mRNA / B-actin mRNA using 2~ 24 T method to calculate. Results indicated
that there was no significant difference of PEPCK expression levels between high and low lipid ( medium
carbohydrate) group fish with the same level carbohydrate content. And when the lipid maintained more or less
constant, the expression levels of PEPCK in medium and high carbohydrate had no significant differences at 6 h,
12 h and 24 h after refeeding, however, the expression levels were significantly higher at 0 h and 3 h in high
carbohydrate group than medium carbohydrate group. But the expression levels at 12 h and 24 h in high
carbohydrate group were comparatively low and only 75% and 65 % of medium carbohydrate group counterpart,
respectively. The expression levels of carbohydrate free group fish were significantly higher than those of other
three groups at 0, 3, 6, 24 h, especially at 24 h the level was 2.5 to 4.7 times higher than other groups
counterpart. However, it was as low as other groups at 12 h. In conclusion, when the carbohydrate content was
at least 14.45% and less than 23.93% , the nutrition contents had no significant effects on the PEPCK

expression. The high expression levels of PEPCK in carbohydrate free group fish were consistent with the

increasing of glyconeogenesis due to carbohydrate free diets.
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ETERAMNAMNE 1 32 RNA i Trizol
Reagent ( Promega ) , %% J6 &8 & RT-PCR A SYBR
ExScriptTM RT-PCR Kit( Takara, X i% ), PCR {{ &
eppendof Mastercycle Gradient, % B8 Ml & X A
eppendof Biophotomter, 5Z B} % & PCR 1 & BIO-

RAD Mini-Optica.

% B Z & PCR 3| 4%t 5 4 & R 95 3
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*1 EHZEEPCR3Y
Tab.1 Primers used in Real time PCR

519 primers FEA sequence e e om)
PEPCK P1 5’-GCA GGC GTT ATT TCA GGC AT-3’ 60 194
P2 5°-CCA CAC CCA GAG CTT TCA GG-3’° 60
B-actin P3 5’-ACT TCG AGC AGG AGA T-3’ 60 228
P4 5’-ACA GTG TTG GCA TAC AG-3’ 60
1.2 FHi& ok
% RNA #9403 BUBUEL 6 FFRE 50~ 100 2 AR

mg, fil Trizol Reagent 1 #% & RNA, T f DNAse I
(RNase free) #b 3 LA £ BR 15 44 9 DNA, fff FHH &R
W72 {0 72 RNA B9 ¥R B, AR $8 OD260/280 1B
W7 RNA B &, —#H 1.8~2.0,

% & % & RT-PCR ##% SYBR ExScript™
RT-PCR Kit ¥t B 45, #17 RT R B, A )5, X H
SYBR Green I #z & %% M 3% # 17 L B} & & PCR, X
P Z&AF 4 :95 € 3 min, ZAJ5 45 TE#F:95 T 10 5360
C 20 s; ERICFKIOLE, &5 72 T 3 min, @l f#
£ B RS 4140 65 € t0 90 T, BFHE 0.2 T
5 0.02 s ERIERIICE
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REZEHES,YS P<0.050 , 2R EE,

2.1 HIEMESH

A DNAase I fiff 4k ¥ ) RNA DL & RT ¥ R4
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W R P AR R B A9 #5 0%k 100 000,
PEPCK Wb SR V= —0.2737x + 8.90, %
FHH 0.978; B-actin KIFFHETT 2R Y = - 0.2814x
+9.27, HERK N 0.994; i v R FRIBEAR
WL 10 NIRRT E, » 10F Ctl. B TRt
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BB R P E 270 T B BRI A 1
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AR B 6. 12 24 h BB EER IFH,
FMETE 12.24 h (M RBEETHEAMR, 2525
VELL Y 75% 1 65% ; eAh B T TOHEA , B4 K
JE (PR AMBAR4 2 8 6.12 Al 24 h PEPCK 1y
REBORBEER; TWH PEPCK WREER
T7E 12 h A A4 4 — B (AR 5b, 72 H A Bt
FH RS R REERSE 24 h HRZKE N HAM
HAFEIHIN 2.5~4.7 1%, XEPLBHESH 14.45%
BXART 23.93% B, fd R R A ig i & B RS &
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Xf PEPCK W%% % /K& B B 5558 &F
ViR, PEPCK WK PR R E . HEBEZHAERNFE
AtfE] PEPCK MRB &, KA THEARE BT R
K, EBH24h BRI BEREM 12 h B9 4.5 5,38
B/ RIS (DA RO MRS ERER
K 3hA1.745; B4, PEPCK EHEEHANERR

H A R A B B A AL AR, B A b Al — A B ]
BAR, WG —> B [ 8, AR AE 40 24 h LR AR 4
i, /B7E 0 h W &5 A8 40 B AR B AELARG , [ A% = bl AL 7
24 h L EHEHAMME,EFE o h MY EMAR,
X PEPCK MRA WA BEZLW,

R2 FASKRRAFEE.ESEEMEEE L. I PEPCK mRNA K FHEL
Tab.2 Effect of fast and different carbohydrate and lipid levels in diets on
PEPCK mRNA expression of E. ilishaeformis

A5 @ fasted

#BE  postprandial time

group

3h 6h 12 h 24 h

Jo¥E  carbohydrate free 1£0.304B® 1.14£0.174® 1.73+0.39% 0.49 £ 0.053° 2.20+0.274

BB high carbohydrate 1.51+0.334 1.14+0.10% 0.96 + 0.20%° 0.49 + 0.097° 0.47+0.16%

&M% low lipid 0.96+0.16" 0.57 +0.060"° 0.78 +0.029%® 0.65+0.066" 0.72+0.0515%®

W lE  high lipid 0.41+0.081% 0.53 +0.0355* 0.74 £ 0.0595* 0.50 +0.048° 0.87+0.11%

TR PENPHE + AR (0=9); A—FEEIARKEFHRREZFEBE (P<0.05), A—THHEPIARNEFHRRES
B3#(P<0.05)

Notes: values are means = SE (n=9); The different capital letters in the same column and small letters in the row stand for significant difference
at 0.05 level
3 Wit M, XG5 R H A B E X LK PEPCK BERY
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HE E B S50 BT B9 RNA 7778 R X, (R, i
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— 5 R 7E & A LRI DL K 7 A ] B B3R 3 19 BE AR
R RO A AT, X k2 BT IE A B B, EBEAT
AR RE B0 S B 8 H R B O iR, — R U o
AR, IR 7 ¥ 2% B8 T R 0 2 R A N AR B
BB RN — B, (H SR 4 YRR 2 AB0bn v il 2, 15
FTEER; B —FED 2725 Tk %7 L6 R AT R
SR 0 5 R R P bR R R T R — B, A H X
PR 2k 2720 CTHOR T B, N TR B R R I R
WML, I B, — &Y 1 R BE 300 bp N, PSR
REAN 1, ARBEIT 5193 731 200 bp
il M REG R i R W, PEPCK I B-actin
EEYEMEAME, FAHEA 24 TR RE
o ARELW A NIRN Bactin, %I FH E LKL
BEIFHEMEEHEREH, 2A LM ARE
Iﬂ[lo]O

SE AR K Y46 PEPCK 3R B Kk
FERARE RS E 14.45% (B XK T 23.93 % B, 4
FRIBERT & BB & B X PEPCK By % K&
FHEEWN, FARENZEERZIOREHE

RIS R —B0, MK VEFH &R PEPCK AZ BRF K
B AL & W T o o 0 4 Sk B O B ST B R
P RS 5 B4 MR B BRI AN S I PEPCK 19 3R
15112) s Severine®) 4 M| % B4 B oF B H R & B Xt
UT % PEPCK 323k 1% 5 ; Panserat'® 25 57 B R 15
)5 6 h fl 24 h,## PEPCK FiE®ER FHER
BB AURL EG OB R RL B 123 R B R AR BT AR,
HERARZE . I, YL 6 PEPCK 75 1% &/
BERESHBHM, 5 F AENHFRSE RN T
B UFE5REITMBERRE T AREEA
KmEREEHEE X, BSLHERANSERERE
YERIINGSE — 3, #2& PEPCK WEREAZEFHK
PRI RSBBAXSSELERALT, B
Ab, A SEE AT 0, Aol (MR ) 258 M8 21 6 4% B [
PEPCK MRBBELME/N, XETHZR T EE
FRIT B EAR R, AR —BHE.

N B EHHESN YA B PEPCK 511K
(isoform) : i R ( PEPCK-C) , .3 ik 1 5 F /K F
FRIFEFMBER(CAMP A 5) BB X . T LK
FRMESEMEUREFRRHAB-5 Lotk
I ( PEPCK-M) , & tE X R o), BHFsE R W
BATHE N [ B 4 Fh o 09 43 A AR 45 3R A 58 4 —
RO, {6 A Signal TP %14 43 B RS 41 61 PEPCK
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FHIEE, RBERE N EA 36 MEERARNL
RS n E AR AR EE
Wit , PEPCK I RIEXANZEFMBEFEE, XLk
$ 5 A PEPCK-M AH4L, B i, R /] BB FATT 40 #7
HIFAME LT 61 PEPCK AZBLIRTL . BAR, WS 21 )
PEPCK H)ZFEMEHZE M Bl PEPCK WA &
—ERMAEMME, Bl TAEERZ RS ZEHUE, I
B, BETXEFERE PEPCK HyF kSN, X Ui
HWEZR —~EREEES, HiL, A OEYS
WA % B B AL, R 502 4 A iz R B
FRshFXi. H4, 25 E & WA AL E
C % PEPCK , \3BWE 416 PEPCK W 1% J1 fn Bk H &
RGE R 2 B R E TS S —A PEPCK™), i
5RMNEANSTEEHENFEA X, SITFE R
—A~ PEPCK W RZ BB, RN KBS HH, 4
AEHMARBDESBIXH —-IFL,ATUE
E BRI BB PEPCK HEmRER, TS —A 8P
FHEALREETRBERK.

SE Mk :

[1] Wilson R P. Utilization of dietary carbohydrate by fish
[J]. Aquaculture, 1994, 124:67 - 80.

[2] Utter M F, Kolenbrander H M. The Enzymes[M]. New
York vol,6, pp, Academic Press, 1972:136 — 168.

[3] Panserat S, Plagnes-juan E, Breque J, et al. Hepatic
phosphoenolpyruvat carboxykinase gene expression is not
repressed by dietary carbohydrates in rainbow trout
( Ocorhynchus mykiss ) [J]. The Journal of Experimental
Biology, 2001, 204:359 — 365.

[4] Tranulis M A, Dregni O, Cristophersen B, et al. A
glucokinase-like enzyme in the liver of Atlantic salmon
(Salmo salar ) [J]. Comp Biochem Physiol, 1996,
114B:35 - 39.

[5] Strausberg R L, Feingold E A, Grouse L H, et al.
Generation and initial analysis of more than 15 000 full-
length human and mouse ¢cDNA sequences[ J]. Proc Natl
Acad Sci USA, 2002, 99 (26) :16899 — 16903 .

[6] Panserat S, Plagnes-Juan E, Kaushik S. Gluconeogenic
enzyme gene expression is decreased by dietary

carbohydrates in common carp ( Cyprinus carpio) and

gilthead seabream ( Sparus aurata)[J]. Biochim Biophys

Acta, 2002, 1579(1), 35-42.

[7] X\EF. FRFE R &2 BRI 48 XA
PR E TR (D). BRRLREH LB,
2006 .

[8] XBFV.6r34%,R1EME . YL 4 PEPCK £ H YT
FeFp3aHr (1], FEAK™R %, 2006, 13 (3):389
—39.

[9] Kenneth J, Livakl Thomas D. Schmittgen. Analysis of
relative gene expression data using geal-time quantitative
PCR and the 272" method[J]. Methods, 2001, 25:
402 — 408.

[10] Pal A Olsvik, Kai K Liel, Ann-Elise O Jordal, et al.
Evaluation of potential reference genes in real-time RT-
PCR studies of Atlantic salmon [J]. BMC Molecular
Biology, 2005, 6:21.

[11] Tranulis M A, Dregni O, Cristophersen B, et al. A
glucokinase-like enzyme in the liver of Atlantic salmon
(Salmo salar ) [T]. Comp Biochem Physiol, 1996,
114B:35-39.

[12] S P C, Blinb F, Medalea E, et al. Molecular cloning,
tissue distribution and sequence analysis of complete
glucokinase c¢cDNAs from gilthead seabream ( Sparus
aurata), rtainbow trout ( Oncorhynchus mykiss ) and
common carp ( Cyprinus carpio ) [ J]. Biochim Biophys
Acta, 2000, 1474 (1):61 —69.

[13] Severine K, Sadasivam K, Stephane P. Low protein
intake is associated with reduced hepatic gluconeogenic
enzyme expression in rainbow trout ( Oncorhynchus
mykiss)[J]. Biochem Physiol, 2003, 129B:243 — 249.

[14] Lamers W H, Hanson R W, Meisner H M. cAMP
stimulates transcription of the gene for cytosolic
phosphoenolpyruvate carboxykinase in rat liver nucleil J] .
Proc Natl Acad Sci USA, 1982, 79(17):5137 — 5141.

[15] Granner D, Andreone T, Sasaki K, et al. Inhibition of
transcription of the phosphoenolpyruvate carboxykinase
gene by insulin[J]. Nature, 1983, 305 (5934):549 —
551.

[16] Garber A, Ballard F J, Hanson R W. The significance of
mitochondrial phosphoenolpyruvate formation in the
regulation of gluconeogenesis in guinea pig liver[ M]//
Metabolism and the Regulation of Metabolic Processes in
Mitochondria. New York: Academic Press, 1972,109 —
135.

[17 ] Hanson R W, Reshef L. Regulation of

phosphoenolpyruvate  carboxykinase ( GTP )  gene

expression[ J]. Ann Rev Biochem, 1997, 66, 581 —

611.



	GXP1.pdf
	GXP2.pdf
	GXP3.pdf
	GXP4.pdf
	GXP5.pdf

