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Effects of different temperature on sugar and lactic acid flux in melon
WANG Hui-song ,PANG Guang—chang’, LIU Ting—ting

(College of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China)

Abstract:From the perspective of metabolism,fresh —keeping actually was to reduce catabolism of fruits and
vegetables in their living condition so that their shelf life were prolonged,in—depth research of the law of
metabolic flux will achieve the purpose better. This study used melon as a test subject discussed the law of
metabolic flux of fruits and vegetables during their storage. In order to obtain the metabolic flux of the following
pathways :embden meyerhof pathway (EMP), pentose phosphate pathway (PPP),sucrose synthesis pathway
(SSP) and TCA cycle(TCA),melon was stored at different temperatures(0,5,8,10,20,30,40,45,50,55 °C).
The results showed that sucrose had a higher synthesis flux at the temperatures of 8 °C and 50 “C,and lactate
had a higher metabolic flux at the temperature of 8 °C. Thus,8 °C was the optimal storage temperature. These
findings would be enable to provide the reference for the in—depth study fruits and vegetables storage from the
perspective of metabolic,improve the quality of the fruit store.
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Fig.1 The segmentation map of Cucumis melon
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Fig.2  Sucrose and lactate metabolic network diagram
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Table 1 Metabolic reaction

FANMIYES:N
I Glucose=G-6-P
T G—-6-P+2NADP*=Ru-5-P+2NADPH+CO,
I3 G—-6-P+ATP=F-6-P+ADP
Ty G-6-P=G-1-P
Is G-1-P+UTP=UDPG+Ppi
Te UDPG+F-6-P=Suc-6-P
Iy Suc—6-P=Sucrose
Ty F-6-P=2G-3-P
Ty G-3-P+NAD*=Pyruvate+NADH
Tio Pyr+NADH=Lactate+NAD*
) Pyr+CoASH+NAD*=Ac-CoA+NADH* CO,
T OAA+Ac-CoA=a-Ketoglutarate+CO+NADH
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Table 2 Metabolic flux model equation

%y AR ) T4 T
1 Glucose—-6-P X\=1—1-15-1,
2 Glucose—1-P Xo=r4—1s5
3 UDPG Xs=r5-16
4 Sucrose—6-P X, =117
5 Fructose—6-P Xs=r3—16—Tg
6 Glyceraladehyde-3—-P Xe=rg—To
7 Pyruvate Xo=ro—T19—T1
8 Acetyl-CoA Xg=r11—11,
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Fig.3  Sucrose, lactic acid flux in Melon pulp 3
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Fig.4  Sucrose, lactic acid flux in Melon pulp 2
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Fig.5 Sucrose, lactic acid flux in Melon pulp 1
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Fig.6  Sucrose; lactic acid flux in Melon endocarp
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Fig.7 Sucrose, lactic acid flux in Melon epicarp

AHRE T 2R B, S0 IR B2 IR AT S0P IR i s E R JIVAR 2R

20155 §228 347



J@étﬂ@l’&

Scence and Technology of Food Industry

601 all)
50
40
"
20
10

0

0o 5 8 10 20 30 40 45 50 55
O
701 a@
60
50
iy 40

20

0 5 8§ 10 20 30 40 45 50 55
L O

0 5 8 10 20
R EE (O

30 40 45 50 55

0 5 8 10 20 30 40 45 50 55
HIEAG®)

401 a®
35
30
25
I8
15
10

0o 5 8§ 10 20 30 40 45 50 55
L O

071 b
0.6
0.5
iy 04
2 03
02}
0.1}

0 5 8§ 10 20 30 40 45 50 55

i BE (T

il
=
0 5 8 10 20 30 40 45 50 55
O
il
H
0O 5 8 10 20 30 40 45 50 55
HE O
il
H
0o 5 8 10 20 30 40 45 50 55
HIEAG®)
iz
]

0o 5 8

10 20 30 40 45 50 55
IE O

P8 AN S T T B A R L 1 i
Fig.8 The metabolic flux of sucrose and lactate in five parts of melon fruit under different storage temperatures

s a: BEFE I, b: TR L (D MR Q) : W Q) AMRIA; @ IR 5 : R

B AT ST I
22 EENRGEE

BE 53 Fe) 1 52 Wi R S i BT RS — A B D ZR Y,
JUHE R « R AR I =21, 2101 5l
I A ZOR 0, A RS (K B Jot o IR
TR TR SR 70 i IR IR R By 3™l kb, e
3 e A M AT B Y ERL T, T R A 5 e Rk A 3Rk

348 20155 m00m

RAFAE AR LEN b BATCHEA IS It o 22, w8
BN, BT S R RAES SCHIS0 °CHH 5 i A e B
I T, (H 2 BAS “Clpe iy > JUH 70 S R A s 76 N SR
HH, 8 CAE20 CHI145 CI BEPEIE & F2.56%, 7E4N R
Jz i, 8 CHE30 CREpl i = (192.7 %5 7550 CIE o
0 I T A e A R A, RO TR S
2 HLive R RE AFE 43, A6 — 52 i & Ye BBl N, AR 9 A



ﬁétﬂ%&l

[ SERC IR 3 ;1

VB B S B, OB S S AT A T LRI
ik Y PR A 5 I AN R AT A Ay SR 1 A A L, T2 A
PP o MAEAS W] I 3. 2 1) B S TH TR IR
B I B P 2 S S8 B ARSI B A i
ML B A LU Y I AZ U PR R S8 77
st JEOR VR ity J 1S AT HE RS o IR e il B O
o W ARS8 CCON K 3 1 ] 70 B T8 5 U AR P 5 i ik
A SEAT AT TR PR GER o
23 FERHEE

LR AE AL e W R A P R A% B AR P P
T2 F1AY R 5 A AR R 5 S, e R AT LA e IR B I A i
(52 B L » AT LS e 15 Js A B 5 s s oL el
KI8T LA HY, AEIRE A8 SCI FLIR M F 45 i s 72 AR
I, 50 Gt A3 8 A FLIR A 5 7 v R P RIS R AL
WA AR R v 120 SCINPFLIRE AT R R A . £
IR Tl BE N8 CCTT4f HH B S I 0 b S T B AR S 1
ETHEEE S 55 C H B 1 LR s AE AR R
B FLBR I BRI AL S LB A A . S5 R B oR, Ak
T8 CI FLMRIE B A =, AT A T BRI PR A I
TE IR A o
3 HFit5itie

ARSI HEAT T AN GH TR R A 7L IR AR
U 194 25 30 B O AT, 5 SRR W - ORI (A QI AR AN R
W LN AT BRI AN [R], A28 CI EH 5 Bl I HE 5
i TR 23 fif AU Ak T B AR & 5 JF HLAE40~
50 °Cr v Hl Pt BT v R R 5, JC IR AE
P IR DAL A SR AR A SR R AN B, I U R A
WAL BE ] GE2 L 2 A R PREESIOCR o IR LA W
Rt RS I T I 0] il A 2 i 7 A R NS RS
MIAESS CH REHIE & T 46 5 B, 2o i st DA AT ge e
i B 3 e T 3 S A S A 1 14T 5 a8 R AR AT LA 1
WBEXT A 5 3G R i R IR IE 2 b B
Jon BT R B A PR B S B S A R e SR
A A b BRI E FE30~52 °C e de A4 1 # kb PR
JEERRY, G 5 A S v RO A v i D ) 3 R AR A, AR
A1 AT RESO Calt At BH I A A BRI fpe ddi et J& , X 5 5K
WESEAIT T 45 SRAH — 35050, FLIR AE HR i 1) I i LR fiofe
PR 5 EEELAE U, e R R S T R R A Y 32
FRCDR A B A PR BE 5 17 D0, an 45 RS, 8 C4%
AT LR A R v, DR R e B AT A T A
WA SRR ) 5 A, T OB (1) 18 B AE8
2 A e 1 DAL A 1) 3 2 D8 o TN e di
W Rl B o AT PN SR PRI RN A0 SR 2 AN » A58 i BE IRt AT
A2 v ) LR I R, 3 24 1) e it AT R T AR AR TR AR
W, SEAIE RN TR] o AR P A 21 R &5 2R, DA A1
FEDCAXIE 5 AR5 V1) S5 AT RN 5325 Ay SRL 8 D o A i £
BT IR IR

e

[1] % #F. R R ARG RS LA F|)] BT
54 @A, 2002(2) : 8-9.

[2] Rak. RFBBEFHAL)]. RF SAn T ,2005(5):25-27.
[3] a3k, ZRE , F 2, 4. AL FINEE B

Vol.36,No.22,2015

BB )] RS ,2007,28(12):491-493.
[4] A7, 200, R4, . KRG A 235 R AR E IR & R
#%all]. A ,2010,31(20):421-424.
[5] F4, 303, Fm i, 5. AL FEERDE L HERAM
Hrmey 3 R M) RS ,2013,34(16):306-310.
[6] KEAF , =&k, R, E. REMRNELE R LB, RER
S5 EERBA LB X A A ERS ST AN FFR,
2003,29(5):455-462.
[7] Lester G E, Areas L. S, Gomez L. M. Muskmelon fruit soluble
acid invertase and sucrose phosphate synthase activity and
polypeptide profiles during growth and maturation|[J]. Journal of
the American Society for Horticultural Science, 2001, 126:
33-36.
[8] Yamaguchi M,Hughes Dm, Yabumoto K. Quality of cantaloupe
muskmelons: Quality and attributes[J]. Sci Hortic,1977,6:59-70.
[9] lester G e, Dunlap J R. Physiological changes during
development and ripening of ( Perlita) muskmelon fruits[J].
Hortic Sei, 1985,26:311-323.
[10] Biais B T, Beauvoit B, Allwood J] W, et al. Metabolic
acclimation to hypoxia revealed by metabolite gradients in melon
fruit[J]. Journal of Plant Physiology,2010,167:242-245.
[11] Hong K Q,Xu H B, Wang J N. Quality changes and internal
browning developments of summer pineapple fruit during storage
at different temperatures|J]. Scientia Horticulturae,2013,151:
68-74.
[12] Moing A, Aharoni A, Biais B, et al. Extensive metabolic
crosstalk in melon fruit revealed by spatial and developmental
combinatorial metabolomics[J]. New Phytologist,2011,190(3):
683-696.
[13] Brooks G A, Dubouchaud H, Brown M, et al. Role of
mitochondrial lactic dehydrogenase and lactate oxidation in the
intra—cellular lactate shuttle Proc Natl Acad[J]. Sci USA,1999,
96:1129-1134.
[14] Coppari R. Metabolic actions of hypothalamic SIRT1[]].
Trends in Endocrinology and Metabolism,2012,23:179-185.
[15] Chowdhury S K, Dobrowsky R T. Nutrient excess and
altered mitochondrial proteome and function contribute to
neurodegeneration in diabetes[J]. Mitochondrion,2011,11:845-
854.
[16] Imai S,Guarente L. Ten years of NAD—dependent SIR2 family
deacetylases : implications for metabolic diseases[J]. Trends
Pharmacol Seci,2010,31:212-220.
[17] Castellanos G M, Zaldivar C P, Flores L. J P, et al.
Postharvest litchi( Litchi chinensis Sonn.) quality preservation by
Lactobacillus Plantarum[J]. Postharvest Biology and Technology,
2011,59:172-178.
[18] Cai X Z, Wang H S, Pang G C. Flux control analysis of a
lactate and sucrose metabolic network atdifferent storage
temperatures for Hami melon( Cucumis melo var.saccharinus)[J].
Scientia Horticulturae,2015, 181:4-12.
[19] &5, FRGR, A48 L, 5. A B R B AR ) 1oh 5%
JN86—1 2 1A 3% i B A 2 MG oA ()] #758 R kA 52,2010,
(THF35TR)

20155 §228 349



Thonw

ﬁétﬂ%&l

[3] Vitart V, Rudan I, Hayward C, et al. SLC2A9 is a newly
identified urate transporter influencing serum urate concentration,
urate excretion and gout[J]. Nat Genet,2008,40(4):437-442.
(4] XR4E, ST 4x. & SR S dE B9 IR AT R F A R ILR(]). B4
#,2014,20(6):972-975.

[5] RRAF. CHRFAZ LR TIAX—ATRADTEERE
LRAERZ LT AL AN 5 BES,1993,15(1):17-22.
[6] X% 2, R, RAFT ROKIF ARG BRAEAEA)]. F B2
2T A 1997,13(4):231-233.

[7] K& FR3E. (A (F BBOM]. T AR EA SR,
2008 :832.

[8] ZEM, R&E=. ZXH kG IT & Ak BR 5 s RALAE(]].

Vol.36,No.22,2015

b P E 4 E,2003,22(1):19.

(9] Bh363E 475, E X 48, ANBAEIRA)IR K06 97 3 Ak BR e g s
JRALE()]. B b B AR E S 2 & ,2005,11(7):557.

[10] <5 o /8 9% 9 & FF Tk K B JR BR S g2 9538 F B & 5200
2. S o R A A I TU IR IR By AR BR g 48 L (5 O[]
T+ E S BT, 2012,1004) 241249,

[11] 225, AR FERRGE T Pey mA)] BEmPELEE,
2010,12(11):1438-1439.

[12] %5 & 3%, AhAh 3. & JkBh e 15 o 8 ofn G AR 2T 3L 89 % &
B AP R[] PRIk 5 AP 4,2012,9(12):13-14.

[13] FHS, F B, 4 E R, 7RG I7 M R LB R &[]
T E B A E,2012,22(5):416-422.

111111111 1111111111111 1111111111111 1111111111111 111111111114 11-@11-4@111-4@1 1111111 1111111111111

(E#F3497)

47(1):104-109.

[20] B, G &M, Rt TRE—RILE FiE[M]. L Tk
#EAL,2003.

[21] Schaefer U, Boos W, Takors R, et al. Automated Sampling
Device for Monitoring Intracellular Metabolite Dynamics|J]. Analy
Biochem, 1999,270:88-96.

[22] Theobald U, Milinger, Baltes M, et al. In vivo Analysis of
Metabolic Dynamics in Saccharomyces Cerevisiae Experimental
Observations[J]. Biotechnol Bioeng, 1997, 55(2):305-316.

[23] Hoquea M A,Ushiyama H,Tomita M, et al. Dynamic responses
of the intracellular metabolite concentrations of the wild type and
pykA mutant Escherichia coli against pulse addition of glucose
or NH3 under those limiting continuous cultures[J]. Biochem
Eng J,2005,26:38-49.

[24] Lester G E, Areas L. S, Gomez 1. M. Muskmelon fruit soluble
acid invertase and sucrose phosphate synthase activity and

polypeptide profiles during growth and maturation[J]. Journal of

the American Society for Horticultural Science,2001, 126:33-36.
[25] Polenta G, Lucangeli C,Budde C,et al. Heat and anaerobic
treatments affected physiological and biochemical parameters in
tomato fruits[J]. LWT,2006,39:27-34.

[26] Jang J C,Sheen J. Sugar sensing in higher plants[J]. Plant
Cell,1994,6:1665-1679.

[27] Imai S, Guarente L. Ten years of NAD—-dependent SIR2
family deacetylases:implications for metabolic diseases|J]. Trends
Pharmacol Sci,2010,31:212-220.

[28] Yun Z,Li W,Pan Z,et al. Comparative proteomics analysis
of differentially accumulated proteins in juice sacs of ponkan
(Citrus reticulata) fruit during postharvest cold storage [J].
Postharvest Biology and Technology,2010,56:189-201.

[29] Lurie S. Postharvest Heat Treatments[J]. Postharvest Biology
and Techonlogy, 1998,14(3):257-269.

[30] R4, BKF R, 4. A 2TR G 8RS R 6 % val]]. b
7 B %,2008(2):20-22.

ATIEF P E ) CRLAh A s e e B

H R 2 ) A A SO
S

Wl Ramirh ey
UARLSI B

20154 5224 357





