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Abstract: The effects of sulfur dioxide (SO,) on the content of organic acids and the regulation of malate metabolism of ‘Munage’ grapes
during postharvest storage were investigated. The changes in the contents of tartaric acid, L-malic acid, L-ascorbic acid and citric acid during
fruit storage were measured by high performance liquid chromatography (HPLC), and RNA sequencing (RNA-Seq) was used to analyze the
main pathways of SO, to regulate malate metabolism. The differences in the expression of malate dehydrogenase (MDH), cytoplasmic malate
dehydrogenase (cytMDH), mitochondrial malate dehydrogenase (mtMDH), lactate dehydrogenase (LDH), NADP-dependent malic enzyme
(NADP-ME), pyruvate decarboxylase 1 (PDCI), pyruvate decarboxylase 2 (PDC2), and ethanol dehydrogenation enzyme dehydrogenase
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(ADH) genes were determined to verify further the results of RNA-Seq. The results showed that on the 60th day of storage, the contents of

Modern Food Science and Technology

tartaric acid, L-ascorbic acid and citric acid in the fruits of the SO,-treatment group were 0.13 mg/g, 0.34 mg/100g, and 0.02 mg/g (which were
all higher than those of the CK group), with the content of L-malic acid lower than that of the CK group by 0.64 mg/g. SO, can maintain the
contents of tartaric acid, L-malic acid, L-ascorbic acid and citric acid in ‘Munage’ grapes, through up-regulating the expressions of mtMDH,
LDH, NADP-ME and PDCI, while down-regulating the expressions of MDH, cytMDH, PDC2 and ADH, to promote the decomposition of
L-malic acid and preserve the flavor characteristics of the fruit. The study can provide a theoretical basis for the investigations on the regulatory
role of SO, in malate metabolism of grapes.
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Table 1 Primer sequence of organic acid metabolism related genes of ‘Munage’ grape
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MDH-F AATCCTCTTGTCTCCTCGCTCTC
MDH  NM 001281166.1 59
- MDH-R ATCACCAAATCTGCTCCCTCCAA
cytMDH-F TTCCTTCCCTGTAACCTGCTGTG
cytMDH XM 002278676.4 59
cytMDH-R CTCCTGTGCGGTCAAGTCCAA
mtMDH-F CCGTTGCTACTGCTCAGAGTCA
mtMDH ~ XM_002285320.4 59
mMDH-R  AGAGTGCGAGATTAGAGACCAGAG
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ADH-F CTTACGAAATCTGGTGCTGTAGGG

ADH XM_002268589.3 59
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Table 2 Reverse transcription reaction system
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Table 3 Validation parameters for determination of organic acids in grape by HPLC

H LB 948 18] /min =] )3 75 A2 ME AR ENLEY%  ABsTARRERE
BB B 4.124 Y=8.05¢"X+1.97¢™ 0.9965 95.06 0.017
L-FRM 4.839 Y=4.00¢"°X-7.20¢" 0.9902 90.33 0.008
L3R B 5.101 Y=5.95¢"X-1.23¢" 0.9968 89.62 0.032
ATARER 6.883 Y=4.83¢"°X-4.47¢" 0.9906 103.18 0.020
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Fig.8 The effects of SO2 on relative expression quality of genes

related to malate metabolism

J£: a: MDH; b: ¢ytMDH; c¢: mtMDH; d: LDH; e:
NADP-ME; f: PDCI; g: PDC2; h: ADH. **%-% p<0.01,
ERBEFE;, £ 0.01<p<0.05, £2F2F; ns &T p>0.05,

EFAEE.

MDH f#7E T ANFRIGMEE, EARRhEm s
HEMEH, KRR, ORLRAhRRE R Mt
FIRE A I P AR 00 T e, SO, b FE4H
MDH F35/K TR T CK, 58 60 d AHX b B ik,
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N 0.55+0.02; CK 41l MDH FiE/KF 256 FTH 5 K
s, 530 d ik FIER A, N 1.63, b SO, AbERZHAH
X FRILE T 46.01%. L-FERIR G E S MDH FRi:/KF
AR EA—. 5= (TCA) G405
MDH 255 & A B AR JE R ST, ek, S0,
WbIRAH cyeMDH FRIEKTFRELT CK (p<0.01),
55 30 d HXT RIS AR, A 1.42, HE CK 411K 52.82%.
RS mtMDH (AR R & 2 ETHES, 560 d,
CK 5 SO, &b metMDH X 1K 573718 2.46.2.39;
40~50 d, SO, AFEH mMDH MM L EREE ST
CK 41 (0.01<p<0.05), 1 SO, AbHEZH £k A P 32 PR
TRMK, SNEEECRR. M4k NADP-ME i
PERZ BRI, 55 10 d. 60 d, SO, 4bH
“H NADP-ME [PAHXfRIA R REMLT CK (p<0.01),
439 b CK 21 35.48%. 57.14%; 20~40d, SO, Ab#E
H NADP-ME [FAHXIRIZEREH & T CK (p<0.01),
% 30 d NADP-ME [PAHX ik &2 CK 1) 1.54 f5. A
LR, NADP-ME Fik/KFHIiem5 SO, 1k
EVERIEERIBE /1A ), SO, MBI AEHE ik
WIERR S BN R, RENBERRS 22 N
%, 5530 d CK 41 NADP-ME 32 /K- ml fig
RN LSRR & 2N R 1R

SO, 4b32H LDH AR ik 5 2 FEIR- T - PR
s CK 4 LDH [FAHX ik & 2T E-BE Tt Rt
#, 560 disFH A 1.85; 1E 10, 40, 50, 60d,
SO, 4b¥2H LDH HIZRIEAK-FRELT CKs 2530 d,
SO, #b¥2H LDH WIFE/K - RE i m (p<0.01), 2
CK [ 1.57 fi5, (@25 i i AR AL R 9 FLIR
SEATR A O ERRIRY) (IR &&=k
I, A1 AR M 5T P9 RS SRR & 1

PDC fE— ARG, &EERERRmI M LAk
SEALIER, R A AR IR BIE 2R « Mg™ RN R 1 SR R T
Sofify, FEARBNIA TR IE A Mg® 2 5 MMER T
PIBRERTT 26 2 CO,P%, PDC J2: IR & % .1
FIREERG. PDCI 255 BAE RIS, 1R
MR SO, AbFELL PDCI [IAHN RIA R B E T CK
(p<0.01), %30 dikE|HAME 5.59+0.03, & CK 1]
1.62 %, SEEHMT N IR & =R, Foh O,
(IR D A Lo 9SSR BR M) B . SO, ALBRZH PDC2
F ADH HIAERRIA & B EKT CKs yE i CK 41
PDC2 HIFHX RIEEIEAREFKT, 1 SO, A
PDC2 [FAHX A& 2 P&, 5 60 d IAF|HKE
0.41, Lt CK 41K 50.00%; 220+ 30 d PDC2 (A%}
KikBLEEFEEER (p>0.05), W 10d, CK 4
ADH [P Fik Bk 5 KM 1.39, b SO, AbER4H
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32.37%; %5 50, 60d, ADH [FIFEXIFRiAET B EMZE
5 (p>0.05). TR RGIRES, SERBRACHIHIE
(R IE ARG AR TE 6 2] SLSL I 78 R v R ARIE .

3 g

SO, REMEYERF ARSI AT RSB ATR . L-PUA
MERFFTERR & &, IR L3RR & =k .
60 d, SO, MFRLARSAEATR. L-HuIh M Eg Aty
B HIHE CK 405 0.13 mg/g. 0.34 mg/100g. 0.02
mg/g; L-SFRIEH CK 4K 0.64 mg/g. I} 72 Ak
BRIV S04, R EBH SO, RelE 5 ARG i 4K 5
SCLHBE IO B A, 7RIk AT BT dn s B R
Fik; PCA SrHr R SO, i3 foMA 1 3 FEER AT AH ¢
RRE I F LR, 4 qRT-PCR WiF, FREBAHHHE
DRI PRI AR AT 12k 55 % S 2 It o R R PR R AR A
BB BA U L-ERE SRS MDH FikKTH)
A —3; SO, Wit 1 meMDH. LDH .
NADP-ME. PDCI, Fii MDH. cytMDH. PDC2.
ADH [AIFHXS FIA SR 1 % S sl Y S R 5 = 6 R
B, (EREARGSE A LSERIRII A, TRRERSL
R IFIIRIREHIE, A SO, TER SR G A NIRRT 77
MR IR S5
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