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Effect of Adenosine Monophosphate-Activated Protein Kinase (AMPK) Activity on Glycolysis,

Intramuscular Environment and Quality of Beef during Postmortem Aging
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Abstract: With the aim of exploring the effect of adenosine monophosphate (AMP)-activated protein kinase
(AMPK) on glycolysis, intramuscular environment and quality during the postmortem aging of beef muscle, changes
in the transcription of AMPKa genes (PRKAAI and PRKAA?2), the expression of phosphorylated AMPK (P-AMPK)
gene, AMPK activity, glycolysis, and quality traits in Longissimus dorsi muscle samples injected with 0.50 mol/L
5-amino-4-imidazolecarboxamide (AICAR) were measured during postmortem aging at 4 ‘C. The results showed that between
24 and 120 h postmortem, AMPKa transcription, P-AMPK expression and AMPK activity in the AICAR treatment group
were significantly higher than in the control group (P < 0.05); between 72 and 168 h, pH value and muscle glycogen content
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in the treatment group were significantly lower than in the control group (P < 0.05), whereas the reverse was true for lactic
acid content (P < 0.05); between 12 and 168 h, L* and b* values, and the contents of ATP, ADP, AMP and IMP in the
treatment group were higher than in the control group (P < 0.05), while a* value was significantly lower in the control group
(P <0.05); from 24 to 120 h, the treatment group exhibited a significant increase in cooking loss and myofibril fragmentation
index but a significant decrease in shear force than did the control group (P < 0.05). These results showed that AICAR
accelerated the postmortem aging process by activating AMPK and augmenting postmortem glycolysis, thus affecting
intramuscular environment, meat color, shear force and muscle fiber microstructure. This indicates that AMPK activity has
an important effect on muscle glycolysis and quality changes during postmortem aging, and meat quality can be controlled
by regulating AMPK activity in postmortem muscles.
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RRER pERP, SRR R K.

S-S FEwKk W -4-H A (5-amino-4-
imidazolecarboxamide, AICAR) & W[ i% i 41 it B ()
AMPK L — VRG], AT R A S 5- 2 5k -4- K e HH 7 frg
AR, 5-22k-4- KM Ik i A% EF BR A'E 9 AMP AL P8
I AMPK ) [ B 48 5 52 o BB AP SR 1T, TR 4R A 32
JE BRI RE T, ATCAR 2 il i 4 i AMPK o FImRNA
B S B T AR R R I AR KT, R B R SE S LPA) P B 85
DA 8 2 S M (R 7, R P M ARG . Young 25T
FR I, AMPKIHUE 7 ATC ARBE W U K 5B % JULBE J5
T8 82 AL T 5 B 20 e s Park 25 VI 9T & IR ATC AR

AMPK 2 {81 LA 52 0 0 AR e 4, o HBE AR M A
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A2 010.50 mol/L AICARKL FE (1 76 2% 2= 15 & K-l
skt G, I E A A S S ARG R H AMP K 2
AMPKo:FImRNA P-AMPK £ ik & B /KF. ML
W IR B AL PR bR AR 4k, BF FCATCARAL EE X 52 J5 AL
A AMPK [ 305 1 T SO B T2 Ae  JUL PR PN R 058 A i I
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AICAR. RNAiso Plus. Prime Script "™ RT reagent Kit
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Ex Tag™ II. pMD" 19-TVector Kit  KiEF A L
BIRATE FBERR MR T RIS & 2§ (P-AMPKD)
ELISARG & O, FLR. W S w2 hE. B
BEFEENE RS Y TR
12 a5 R&

Avanti J-EM & XA E O % E Beckman
CoulterA®]; CFX96TMSLi & & B & M 5 = e M
(polymerase chain reaction, PCR) {¢. #tfmitg R4
% [EBio-RadA#]; PCRY MM L FRER R AR
AF]; ISM-5600LVAREL 4 1 Rgii. E 4
AR AF] .

13 Jiik
131 FEsCREMG &

DL bR 1 s KWL ik, 25 B 3% T R 7 A &5 4
WA, HEIRNGRL250 g ARE, & B
10:1 (m/V) #0.50 mol/L AICARE W I 513F 5 #F P e
o, DAMEAR T AL BRI RE X IR A, R FER a2,
bt J5 3L VL2940 g AL 73 & 3T NIA TR N0 hAFE,
AR E T0~4 CF .

TE BT 1B) 023 500 8 pHAR PR €0 g 25 A 40 R A5 45
b, ST WLURE4E/N F L4840 (myofibrillar fragmentation
index, MFD) . AMPK/E 55 AE 2RI E M HE bR, 3%
WF AR AR, BT —80 CHRmiAAl.

2R T8I 5 SR ECE S K AULTT 29100 mg ) A
P, SERURNKEE K EHEAE S, B TWAhEEET
—80 Cifj, HTAMPKakkF ik 5 & P-AMPK 55 T
JE IR o
132 SEn 5% E BPCREEE:

1321 S HIRIE KA K

SR E " R k. B-actin hyN SR,
% B GenBank i [ f-actin. PRKAAI. PRKAA2FEI K]
mRNAF 5, & Primer 5.0%4 MOligo 4 Bt 45 57 1
519, W EEETAMBERER ARG (RD .

®1 HATEMNISEERPCRES | YFFIRPCREE

Tablel Primer sequences and parameters used for
quantitative real-time PCR
B S kil GCHLll% T, K

F-GATTTCCGAAGTATTGATG 40.0 63.5

PRKAAL  BA040395 109
R-TTCCAGGTCTTGGAGTTA 4.0 628
F-TCTH . X

PREAL)  BAVTIL CTGCCGTGGATTACTGT 571 638 9%
R-AGCCTGCCTGAGATGACT 40.0 64.1

1322 ERNAMIHEEL

MAERNAiso Plusff)sg 4 i 3 15 W1 4R BUDLIALE.
RNAM . FHE i 28 Ah- 1) 43 6 6 BE 1 2 RN
WPERNGL AT, FH B R 43 5501 % B i B st Eh kRS I RN A
5 B o H T B A MTRNA ST B J s ¢ it cDN A fit 77
T —20 CEEH T —80 CLRAF&H .

1323 L5 S SR 98 ) e FEPCRY 4

JMRNAE FiIPrime Script ™ RT reagent Kit with g DNA
Eraser (Perfect Real Time) &7 &42H . K SYBR
Premix Ex Tug™ 11, pMD" 19-TVector Kiti{7| & 47 PCRY”
i, BAFEAST BRI R R R N S R 5 4,
AN RBE3 AEEY, K95 CHiASHE2 min; 94 CARHE
20, 60 ‘CiBKk20s, 72 ‘CZEff30s, 40 KIEFF.

1324  FHXT R RA =R

SR 2 AN B SN SO S PCRAE AT b 3
ot iEFEE (D L 2 MR,

AEGT R R Rk =2 o (1

AACE= (Ctiyyun™Clis) wan™ Clagun™Clysun) wma (2)
133 EAREET

HUAIRELI00 mg, F%21:10 (m/V) IINTRA 5] 3 52
M, KB AIK . BARBEINLS mL EPE Y, HE
10 min. 4 ‘C. 12 000 t/min0>10 min, U _LiEWR, 703
JEAE T —80 CIRAZAFM . ¥ 1 mg/mL2F i A & A bRk
B2 BIECH N0. 10, 20, 40, 60, 80, 100 pug/mL,
JMA5 mL Bradford T/EW, WA JEERES min, R4S
PR IR e BRI KRG, BER L&
FI il B B vk 5 U D 2 R S0 i b G
), ARG R AERR S — BT R BAR I AL Y B bR A
TP TS . . Ba g AR 1R
Aiangik 22k % (enhanced chemiluminescence, ECL) i
TG AR PR, A R TR B V8 ST TE SR AR R £
KM, ZAEM4 mine PHEE LA, TN R IER
BRGHIL -

1.3.4  AMPKJE ML &

%% Underwood 5 f 773, HUAREZ10.6 g, TN
A B O T, %IB1:5 (m/V) IMNAEHSIW, 18
3000 r/mindKir 2. SRJE4 C 12 000 r/mini4 % 25 0>
5min, HUEIEWRINE . BAASRSIRF & i 1.
13.5  WEBEESE AR

FHZE V8K i PRRE R T I35, 5 FH 08 4R Bk B K
oy JE ¥ pHIE RS Am N IRE, fSipH T FL bl S5 LA 78 40 42
fil, FRFEECRRE RIS, A RIAERENLEEES AN
PLEEME3 K, BCEPEIE.

WURE B FLER Ui B9 &) B 2 & R AH B K A
AT E, 2.0 gWFE, N8 mL RS #h 2% i
(pH 7.4) AJ%J53 000 r/min#5 (220 min, Wtk B,
ZJRHATINRE . NBE. BE . . Bo. ZIED
R, B ARG RS AR S B T
1.3.6  REEACEHE bR 2

FE 5 BT A FE 7 9t B GR URE R e IR, SR
ATP. ADP. AMP. IMPiAF| &Pl E & &, AN

A8 MR I 58 P A R B 5
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FIDHE, o BB FIIE.
1372 ZREBRRNE

Z % Holman25 "M vk . BUEBANT
6 cmX3 cmX3 emffRFE, KBREBMHMEN, FRIEE
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P RE O IR BE T ZE 70 C I ELH A H E IR S R B
(my , AR 3) HHHEEEMRIE,

I m,—m
%%ﬁi‘mﬁi%/%z% X 100 (3)
1
1.3.7.3 85U 50

WAL 4E 5 B N E A N1.27 em A A,
P C-LMA4 R g 3 A% 3 B ULEF 45 05 0 BT U0 A k: , IF e %
5949177,
1.3.7.4  MFIljE

%% Wang Linlin%" 5%, 4.0 gEE, IA
40 mL MFI14} 2% (100 mmol/L KC1, 20 mmol/L K,PO,.
I mmol/LZ — %Y Z. % . 1 mmol/L CaCl,, pH7.0) , %]
54 500 t/minB 015 min, FF ISR, VEEE Lk
B, DUGE P20 mLoy BV A fe DA 1 I8 . K8
EEFREIREREE0.5 mg/mL, 37.R17E540 nmisk KAL)
€ OB, MFIRI AT #3000k E 9 4200
1375 A% 7RIS

FREY) 0.5 cm X 0.5 em X 0.3 cmffj A H, TR
3H2.5% % W 4 CREE3 d, SR 0.1 mol/Lgk
FRGEM (pH 7.3) THEBEHUR, SRJEH SBERREEILK,
HATEE, Wi THR AT DA W MO EE e,
R ON20 KV, FROKAEEON300.
13.8  Hdlaab 504

FRH SBT3 X, K Origin 9.0 (F2218], SPSS 19.0
BT H AT B 2 5 % s R Duncan’syA#E 47
BEWSWAZ B

2 H4R5aH

2.1 MARNAZEE R

28S
18S
5.85

1 PIEEBRNAHLKE R
Fig.1  Electrophoresis of total RNA from meat samples
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P-AMPK (Thr172) Oh 12h 24h 72h 120h 168 h Table2 Changes in glycolysis indexes during postmortem aging
KT HEZRL -aCHN e s s—— —— i ik 0h 11 h M 0 165h
AN CEIE N Y 1 ) —— . HRA 67RO ST000  Ser006% S0 SeR008  se9r00e’
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21 p- — —— ———
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Fig.3  Western blot results of P~ AMPK during postmortem aging A
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H 3T 40, 540 P-AMPK Y P35 5 5k T W 1 A2 g _MORE_ A WREE risse M
/i R FRRRARRZEREE (P<0.05) ; il F B 1R R 42

fhia#s, AICAR A% 5 gt 7 rh P-AMPK IS P
(P<<0.05) , FF7E12 hi& il 2 & s AMPKIE M. il
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Fig. 4 Change in AMPK activity during postmortem aging
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Fig. 5 Changes in energy metabolism-related indexes during

postmortem aging
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Fig. 6  Changes in beef color during postmortem aging
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