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F(FH A5 AR RE(72.8047.16) k) KM S H 2 4,05 K, A ARAFGKRT A 15.05%F21.02%
W FEA R, TRB 7T d BRI 56d, BRI HREAMNEMNERAFTFREDNEIRELS T AMEEN T ALK S
%, qRT-PCR 5 AT AF ME 4%+ £ 2 2 A S A B 6 mRNA A2 &, S RAW, 5KZAKFA5.05%) 4k, BARP
BEGKFA(21.02%) B FR G e FFo AT RE T H H 4B S (P<L0.05), B2 F4# & Gly.Asp.Ala.Ser.Leu.Lys,
Phe.Ile,Val, Tyr.Pro,Arg.Glu #= His #§ 4% (P<0.05), L 8 ## & 7 (P<0. 05) PCKI ., PCK2 ,PC #= PGCIA
M mRNA (2 F., LR . BRPHEARFQL 2V THWITFREFPRALBHN L TARBEFARRAHLLR
o9 mRNA £ &, i dode bl 5] H 4 6g £ R, —F A4 F AR E,
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Effects of different protein levels on gluconeogenesis of
Holstein bull calves

YANG Tianyu', MA Xiaoyu', GONG Xiaoxiao' , PENG Cheng' , HUANG Jie' ,
ZHAO Guogi'?**, ZHAN Kang'"
(1. College of Animal Science and Technology. Yangzhou University, Yangzhou 225009, China;
2. Institutes of Agricultural Science and Technology Development, Yangzhou University, Yangzhou 225009, China;
3. China Joint International Research Laboratory of Agriculture and Agri-Product Safety of Ministry of Education,

Yangzhou University, Yangzhou 225009, China)

Abstract To investigate the effects of different protein levels on gluconeogenesis of Holstein bull calves, ten Hostein
bull calves at similar age and physiological state (average age of 5 months old, weight of (172.80%7.16) kg) were
randomly divided into two groups with five calves in each group. Pellet diets with crude protein levels of 15.05% and
21.02% were fed for seven days in the pre-trial periods and 56 days in the pilot period. The glucose content in serum
and liver was measured by glucose kit, the content of amino acids was determined by liquid chromatography, and
gRT-PCR was employed for analysis of mRNA expression of key genes in the gluconeogenesis pathway. The results
showed that compared with the low protein level group (15.05% ) » the high-protein level group (21.02% ) significantly
increased the glucose content in serum and liver (P<C0.05) and significantly increased the content of Gly, Asp, Ala,
Ser, Leu, Lys, Phe, lle, Val, Tyr, Pro, Arg and Glu in liver (P<C0.05); The mRNA expression of PCK1.PCKZ2 .PC
and PGC1A were also significantly increased (P<C0.05). In conclusion, the high protein level (21.02%) in the diet
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can increase the content of amino acids in the liver and mRNA expression of key genes of gluconeogenesis pathway,

thus accelerating the production of glucose to further provide energy for calves.

Keywords calf; protein level; gluconeogensis
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B5 B R R A TR A R G . DA
FT W3 25 38 FR 9 O 1 A R B A Wb FL 5 4, T 3T B 4R
K HZ AT ThFE S I A sh g 3y m .

2 BEAE AR N EE 0 SR O RS IR
WE— AT L 3E S I 3R RN A0 R A A T A B oK AL A
V.2 5ZFARIIEE" . TER AW A6 A
BERY 9026 ~100% ¥k A BE AL, A, AT R 4
YRR UCE YR AR S AR A
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FAEVEAR AR SR i R E R AR
R AL T R IR W AR A AT R AR R
AURTIR I R B 21, 02 0 M B KA F T 5 H
AR R E

Z T BRIEFE 24 4 TP A A [R] KX iy S 4 2
A AR A PR RE Y B2 W, T AN [ 2 K P 4 JURDRL
FE 75 X iy 407 2L A A il S A ik AR e 2R SR 7 (A
ARWFIE B TERFEA R H K P2 o ks HORERS 5~
6 H il i 307 TEL 23 52 A S 2R B2 R LA A — 2R 5T
o A K U ORI 48 A W S A TR AR 0 R T
LRI AR A

1 #MB5FE

1.1 REiEit

R T 2017 4E 4 H—2017 4F 6 A fE# M K2
KW i#HEAT, EBHEAFH AR S AR, kEH
(172.80+7.16) kg 10 3k far 7 3 28 B2 4= (B ML 43
2B 5 Sk, KBNS MNBEMED &N
15.05% F1 21. 02 % BB 4= 44 URLEL, 15. 05 %0 1Y)
e M BORDEHC N LP K& 21, 02 % B9 424 4= 4 i
BoEHC M HP 41, A Rk, i8R RER 3%
EAT IR . 3 o g R O R — WOk ek A ] R L
& LP 5 HP B4 1T 9 5o fa R e A — 2, il
5 70 WU A IE R, B0 7 dL R 56 d.
TSR B g5 o e F A A EZE B (A RO
24 h JG AT S AR 3 g IFNER] 2 mL 2.0, W
A A, 3] 5250 F — 80 CUKAR AT .

TG E] , HORCR A R, A R &L E
T E S I NRC(2001) , A R 572 o W3R 1,
1.2 HAXRE

IERIASE 56 K, TR 5 h &5, £ 5 40 33
i Bk 6 2 As R A BE AT R i, SR I i 2
20 mL, 78 H.25 R L8 H (B BERD % A 5 mL Il
FELHE 30 min, 3 500 r/min 15 min & .0, il £ 19
L5 AL 5T — 80 “CukAR PR AE .
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Table 1 Composition and nutrient level of whole grain (DM basis)

W H REAH mEAA
Item LP HP
H Hi2H i, Composition
LK/ % Corn 24.3 9
TH1/ % Soybean meal 9.7 27
KRG K/ % Soybean hull 6.4 4.6
TG XY/ % DDGS 9 9
¥k 52 /% Bran 5 5
B/ % Alfalfa 23 23
MEEF/ % Oats 17 17
B/ % Salt 0.3 0.3
B A4S/ % CaHPO4 1.2 0.9
FH/ Y% Limestone 1 1.1
/INFRET/ % Sodium bicarbonate 0.2 0.2
HAEWMR/ Y% Methionine 0.1 0.1
R/ % Glucose 0.3 0.3
FIRAL/ % Premix® 2.5 2.5
M3 Total 100 100
H FE K Nutrition level

HWEA/ % CP 15. 05 21.02
W BE NEq® / (mg/kg) 4. 44 4.31
vk AR 4/ Y% NDF 29. 95 29.78
T Pk ki 47 4/ % ADF 18.25 18.57
HLERW/ % EE 3.58 3.24
#5/% Ca 1.12 1.12
/% P 0. 60 0.61

I OBHRECY & T 50 HARE AL 482 R A 15 000 TULZE2EF D 500 0 TU, 4k
H:Z E 50 mg.Fe 90 mg,Cu 12. 5 mg.Mn 60 mg,Zn 100 mg,1 1.5 mg,Se
0.3 mg,Co 1.0 mg. Q¥4 H H Fe N T ALY g ST

Note:

(D Premix provided per kg of starter: VA 15 000 IU, VD 5 000 1U,
VE 50 mg, Fe 90 mg, Cu 12.5 mg, Mn 60 mg, Zn 100 mg, 1 1.5 mg,
Se 0.3 mg, Co 1.0 mg. @ NE; was a calculated value, while the

others were measured values.

ISR 3 10 LB A4 AT (A H
oK) 24 h AT B SE L IEE 3 g TR, A A TR
Aop o, B SE50 E HA — 80 °C VKA VR AF .

1.3 BFREF ISR B EERNE

K FREL 50 mg FFIE LU A B0 5 A
250 pL 24 W, FHHL B 51 348 51 SR M e L 20, 50
Jo6E IR E 10 min, B 230 pl EEWRER E

1.5 mL B0 8 WO #9240 W BCA Y& 1T
A B R E

) 8 19 IV R o R A A O L R o A AR
T G (O T b i 38 R 3 e PR B AR AT BR 2 ) 0 5 7
HBE(GLU
1.4 BFREEREEBRNE

FRECAEE 70 mg, il 500 pL. 6 mol/L. HCL, %)
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W60 s, ¥HEHZE 20 mL ZH#iE,.2 mL 6 mol/L
HCL W55 4% . R J5 i A 6 mol/L HCL ®H £
10 mL, Jit—20 ‘CYKH 5 min, AL E 2,0
KEWEIT 300, 6 110 °C F/KME 24 ho1 h JF#Esh—
W24 h G &R ERR, 2MEH E 50 mL &
L LK E R SE RS . A 0. 22 mm ZKAHE
g g 1 mL B 500 pL & 1.5 ml 808 P, ZRI
Wt ., 200 pL 0. 1 mol/L HCL ¥ i . It 18 Z % .
B 20 pL E2E AALIN 100 pl. = Z & B B,
100 pL fiiA ) ¢ REIE R AL IR, SR E
1 h, BNECHE 400 pL, iR % . % 15 min, H
TIEWAR,0. 22 mm JE B €IS . B 200 pl P8+
800 pL M8 4l K., H J5 B 10 pl b BE. 3% 4.
SunFireTM C18 i 4 (4. 6 mm X250 mm, 5 pum)
34 SunFireTM C18 44 1F (4. 6 mm X 20 mm,
5 pm);s it s A A: 0. 1 mol/L B BR 1 & NG ¥ W
(93 : 7),pH 6. 5; Wi sh Ml B: & Bi5-F B-#8 4l K %
WL HEBIA 80 5 10 = 105 B BEVEME B P WL 1, P 7
0.7 mL/min, ¥E iR 40 C, &M 3k K 254 nm, &
JFE R 17 Fh & JE MR

1.5 PBFAE S RNA REVFI R ¥ R B ¢cDNA

B 50 mg AFIFAH A T 1.5 mL .08, & H R
RNA 205 & (Tiangen, T ED 2B RNA, £
J BT p L BEICAYRE S HEAT B RNA MR BE A4 B2 1Y
M E . $% M8 Takara % 5080 & AT . R SR
F N 10 pL, W £F:37 °C 15 min 1 85 C 5 s;
PCR N K RN 20 pl, RN 454295 °C 148 P
30 5395 °C 5 5,60 °C 30 s,40 NEH, 454 KE 5 #B
H3INEE,
1.6 Real-time PCR

PN it PCR 0 L& SR Rk 20,0 pL, Horp
SYBR® Premix Ex Tag ™I Kit 10. 0 510 pmol/L #J
PCR Forward primer #l PCR Reverse Primer 4%
0.8 pL;Water PCR grade 6.4 pL;cDNA 2.0 pL,
FIY TR WER 2. BN A 95 °C B ME 30 s;
95 °C 5 5.60 “C 30 s.40 MG EEAFER A 3 4
T, PR 27 RO LE W A b oH i
3 WEMR B S8 (GAPDH) 3L N Fa 2 Pk . Rk, LU
GAPDH fER WS35 2 B mRNA %
KHEATIH — b B,

R2 WAEEPCRIIWER

Table 2 Information of reverse-transcription PCR primers
HH 5lYFH(5'-3") GenBank 5% 5 P
Gene Primer sequence (5'-3") GenBank accession No. Source
PCKI F: 5 AGGGAAATAGCAGGCTCCAGGAAA 3 NM_174737. 2 [21]
R: 5 CACACGCATGTGCACACACACATA 3
PCK? F: 5 TGACTGGGCAAGGGGAGCCG 3 NM_001205594. 1 [21]
i R: 5 GGGGCCACCCCAAAGAAGCC 3
Pe F:. 5 CCACGAGTTCTCCAACACCT 3 NM_177946. 4 [21]
’ R: 5 TTCTCCTCCAGCTCCTCGTA 3
CPC F: 5 TGATGGACCAAGAAAGATCCAGGC 3 NM_001076124. 2 [21]
R: 5 TATGGATTGACCTCACTGGCCCTCTT 3
FBPI F: 5 ATAGAGAAGGCAGGAGGAAT 3 NM_001034447 [21]
R: 5 CAGGAACTCAGTCACATCTT 3
PCCIA F: 5 AGCCTCTTTGCCCAGATCTT 3 NM_001285631. 1 Designed by Prime6
i R: 5 GGCAATCCGTCTTCATCCAC 3
F: 5 GGGTCATCATCTCTGCACCT 3 NM_001034034 [21]
GAPDH

R: 5 GGTCATAAGTCCCTCCACGA 3
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1.7 HE\SHToH

R ERMPFHB LR ERR, B H
SPSS 16. 0 Geit Mt BT FEAS ¢ A6 B E AT Wb 3
PER S, P<<0.05 Em 257 8%, P<<0.01 Fmik
BEES,

2 HERE545H
2.1 AEEAKEWBERTELNEMFREE
EEENEMm

AN TR KPR A 24 1 3 R R 96 2

M AR LR 3. AR A L, A Ak
4R R (P <0, 01) JHF U w14 5 2 % 5 it (] I
i E R (P<20. 05) IfiL 1% Hh A 5 0 5 0
2.2 AEEBXKTEHBARNESLHHESERSE
sk

SR HIRORH €235 19 J7 12 A DN 282 4 R v 2 B 1R 1)
SEWE L, SMRECHAML, SEEH D FRS
(P<C0. 05) Asp.Ala,Ser, Leu, Lys,Phe,Ile, Val, Tyr .
Arg.Glu Fl His f9 7 4 2.3 52 &5 (P<<0. 0D Gly Hl
Pro % & fHARMAE Thr A1 Met 1% & .,

£3 FREEAKFAMMNEFMNBEMFEDEHESEHH M

Table 3 Effects of protein at different concentrations on glucose content

in serum and liver of Holstein bull calves

I H MEAA mE AU P 1 15
Item LP HP SEM
JH v A B/ (mg/ @) 0.9210b 1.806 1 a 0.06
L3 v 4 4 B/ (mg/dL) 63.950 4 b 81.033 6 a 3.83

T AT AR EE A /NG P8 3808 22 53 R 3% (P<<0.05) . T,

Note: Different lowercase letters in the same row indicate significant differences (P<C

0.05). The same as below.

R4 FRARAKFAMMIEFFESERSENZM

Table 4 Effects of protein at different concentrations on amino acids

content in liver of Holstein bull calves mg/g
BIER R A4 [EE4SE P 1 15
Amino acid LP HP SEM

HZm Gly 0.006 8 b 0.008 8 a 0.000 4
RE&AM Asp 0.020 0 b 0.024 6 a 0.001 3
WA Ala 0.009 4 b 0.011 6 a 0.000 6
2 R Ser 0.009 6 b 0.011 4 a 0.000 6
JE MR Thr 0.006 8 0.007 9 0.000 4
SEHE R Leu 0.0131b 0.016 3 a 0.000 9
WL Lys 0.0122 b 0.0150 a 0.000 9
KN Phe 0.007 4 b 0.0091a 0.000 6
SRR le 0.007 0 b 0.008 2 a 0.000 5
H AR Val 0.008 8 b 0.010 9 a 0.000 7
g 2R Tyr 0.005 6 b 0.006 7 a 0.000 4
i & & Pro 0.005 8 b 0.007 3 a 0.000 3
&R Arg 0.0110b 0.013 4 a 0.000 7
BEW Glu 0.027 6 b 0.0337a 0. 002 0
HEEAMR Met 0.004 1 0.004 7 0.000 3
HAE R His 0.003 4 b 0.004 9 a 0.000 5
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2.3 AEAEBKFHNBERMNEFFEEREXE

ERERIEKFEHEm

KH qRT-PCR 43 5| &: M PCKI . PCK2 . PC,
FBPI1 .G6PC 1 PGCI1A F£ /N [R) & F /K 7 H ok} i
AP RELA GRS, SREAAH
.mEEA R FER S T (P<<0.05) PCK2.,PC #l
PGCIA N KX H, M B EFERE T (P<<0.01)
PCKI S E&ikg , HAW B K TR % 2% 7.

x5 AEEBAKFARNEFREREREER
X #2 E B mRNA Ri& 8980
Table 5 Effects of protein at different concentrations on
mRNA expression of key genes of gluconeogenesis

pathway in liver of male calves

EH O IREAAL MEALAL R
Gene LP HP SEM
PCK1 1.01b 1.88 a 0. 20
PCK2 1.18 b 2.39 a 0. 45
PC 1.11 b 2.20 a 0. 36
FBPI 1.11 1.26 0. 40
G6PC 1.01 1.25 0.28
PGCIA 1.02 b 1.83 a 0.28

3 iS4

WS B AR KR FREEEMEMNY . L
FoAe gt Jm » S AU ) R A MR A 5 AR
HEREEM MO 8 E I Rk 4 A
ERRAES MR - BT AR A s AR
A At Y 2 R R A W] LT G S AR B A A OB
TEHERF R F7 K- 19 S 2 3l v o o9 R 2 40 R D
A 15 00 2t R TR e A TR Y L R 1 AE 45 BAY =
B 3200 EAERBTBI R 43y, & 2R
FRERR G WA A R AR K R F Y. I H R
HH TR R EEIR A e ORI, DITER BT T 2 24
HAEAN AR 3 0 H RO 2 A AR R PR RE L I 3 2R 1
FEE A B 52 R  (ELAS () K S 2 OB 482 A
AR G AN RE . NI AR IR ST B AN R 2 E K
A UKL R XA Al S 2 Y B T

FEIE B B IR K78 o B4 3l i e 2 2 4
FRAE — E 1Y 8 E 8 22 N 30 28 55 LA 2% 21 24
0 ) RE FE AN I BE & 4  FEEAE . AU 2 A

AR PN A S 2 A P TS X AR R A R L T N
DEPERE S A 4 0 20k AR A AR R
AT oT B R AL S48 3 h I A
HEmMAREALER., FHEES R EN. 22%
HE KOt AT B v B AR B i, IREE AL TR
Y H R KA AR 482 28 X8 3R W TR T Ak W 0 fig
2% HMEVUER AL R A8 1 A B . AR R, H IR
K (21, 020 AT DL R 4R 5 ho Il
TH 0 WE RN B 5 R R A A B 5 B, X TR AR
JOT 3 A A 22 25 TR 7 M U 38 o S 26 A AR 3F il 2
e B SRR R G TF A A S R T M S AR AT Y
RAFMIE ., FFE R R E 2RI, BT
12 R RN 5L Z R A 18 Bl LS LR 34 vl DL i
WA o ma . AR R, BB TR
iR RN R 2R LA AN, 21, 02 Y6 3 (/K- L3 m T ik
HAb L HE R & &5 .

WS A B AR AL 4 F OC B Y PR B B L B PC
PCK.FBP1 #l G6PC, Wt ZRIEH PC Ji bt 11 il
A L A v DR TR R A5 R 11 5 B AR S A b [ A b
Fo P R R . R RE SR AR B3 g PC
B mRNA FRgEAEIE DL i ok [ R4 AA FEL
MRk RS . AR, SIRE DA AL,
AT R ERS PC ) mRNA £k,
SRR S R £, TR TE R A S SRR I U 1) A8 JRAE
FHTR A R o 5t 20 240 6 o L O A0 240 B o 3 R
1% ot 2 I S A VR S PR AR L BE £ 1% . PCKL Al
PCK2 [ 53 590 4 A 55 [ £, 18 7 40 5 A 4k 1k Hp B
T T s T e D R . 0 v R R s =X D
% & i PCKI1 fEALFE 2 R 7= A, 3 55 26 1 ¢
SERONE . ABESE &L R ] 3 R i PCKI
1 mRNA KiK., SEHTa T il £ 0], 25 0% o
ABES RSt PC M PCK 1 4 b5 1 98 35 14 L T AR
JE PCK2 . M Ry 2 3k 1R TV Bl 12 s e =X D ) 7R 0 22
76 3% ot ST 4 i NADHYY . PC #1 PCK1 1Y
mRNA Ik & B340, i — 2 Wi oR 7 i M s AT
AR 2 JHF AU ol e s it X T D R k85, 3 T il
WS R S DL E SRR AR AR B
Wi A IO PCK2 .2 PCK2 L7EHE 7B &
BEEEZNEN., 7R E P IFRET, PCK2 B
o7 R A BT R R R AL TR M R 1%~
5% HAE IR 4 s PCK1 Ml PCK2 B9 17% T K
O AN AR B kB, AR AL T R R
PCK2 ) mRNA %£ik &, FBP1 il G6PC B IIRE &
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AL 1, 6- W R 5% 8 A A b . A A WF 5T
BRI R B WS FBP1 Ml G6PC
) mRNA Rk, ek, mEHmkE
T RE T PCK A& P B X G6PC 113 7 5%
AR PGCIA AR —Fh il 5 55 B 4t AC I AH ¢
S B SRS Y . LA, PGCIA 12 5 Hk
SAESCHEEL R Rk i B & PCK A 3 T 9 %
SEIEPE AR ATPNE 5 PCK MR IKKFE, S5IKE
HAML, mEAHA R EFERS T PGCIA ) mRNA
Tk, A, Dai UV 5T K B R K OE & SRR
AT L o JF AR S A 35 DR ) 6 3k R 35 R 114 R A%
K, AWMLY, HOR S & K E AT LS
e G 1R = (] A 1 o PR AR S A DG B R TR 1Y R A
L AR BB S 2R A R 2 B 4R I LK BT R
HE

H=N

H
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