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W) STt 2 5 30 X 2 2 R s 2 T 4 40 ) 4 T A
PIARL, WBRACHS A E i A S U5 SO, A B X ] 24
ORI EAE T, it — 20 a7 FAE 4 4 T
i o A P A9 £ AL ] 4R 6 B A 3

1 MRERE
1.1 #R5iRH

ANk E% (Vitis vinifera L. cv ‘Munage’)
SR A7 i sk ] T T A A R el R R A ik |
BUAE —B(TSS=16% ) K /NE —  TCHLAAR i |
JCH B A A 2 S, S B s 1 A b B 2 B
A S IR TR ST, R R T A

SO, br KM (=99.99% ) , #7885 12 & K 5F 5%
KEARAAHRE W B a M R
M o ), R e i A R AR 2E A T S AR, R
T B A AR IR E] R R R
AR A, RETOLE R R RARA
AR K, R T SO 2 R A BR S R AR
CLH 2R, LR A RAR, b5 A%
K. CBREEE A BN 0-2 B -L-2F KL, S
BARFTERBAER A RAE, DL 45
Mrafigh , RNA $& B0 & s i siadon &, KA
R A BRA A,
12 NUB5EF

UV-2000 AL 25030 G AL, HA B HEA R
73 1) 3 DELTA320 43 HT K, M4 i — 48 0] 240 4%
( B ) A R 7 SIM-F140ADL il vk HL, H A #
T HL 2% s DW-86L626 AR IR VKAE, ¥ & i /K KA
A7 BR 22 7] s D-78532 il B .0 ML, 78 [ Hettich
2L DYY-6D LKA, db st s — A48 SERI-
AL N Bt 1% &2 80, P Uvitec Firereader 2y
] ;LightCycler® 96 95 # PCR X, FHE X [T
45 ] ;OSE-MP25 TGear Plate ffl FL #5250 HL , K
HRAERHE A BRA A L
1.3 AEHZE
13,1 BRI A4 K 2 6 TR ol e B 5 R Il
B Be A Y e it K A fR AR Fh 7 S8
IR R R 2k L FE 22 C R IR OB S 7 4
hREFE T dJE A 5.0 mL &4 0.05%: 1% 80 1
T 28 oK B R UG e B R TR 1 #
WA W BN AR KA S 20 A AT b0k, FRR R

VR 0 3 B 2 B 1x10° A /mL #6475 225
1.3.2 FERAEE T KR R B AL S A i
B — R E A T, DL 200 pl/L B SO, B
FRANER 2 h MG 4, JCALBRAE R X IR A RS
BRI CE 24 h KR A SRR T (PR R RN )
AW TC R KB, P 75% RS 15
PR S T B R O 7E R A R AR A
JG (EAA 1.67 mm, R JE 3.00 mm), % 10 pL
R 55 T R 2 TR (R 1 10° 4~/mL) TR R 2
SRR A HCE TR R IR A P (22+1)CHE IR
ASKEBE 3 UROEAT , BRRE 700 AR, 1T RER
WORE 3 7 Wk BRI 520 BE AR Bl 2~10 mm [ 2R
PIFE S, PIREIR AT 5 FH R G R O B T80 CA
A7, LA s g A e d8 s

1.4 EFRNEFE

141 KRERNEEMNE KERSHEAKX
(H)it5E
2% (o)< B UL I 5
RER (%) T x100 (1)

Tl B R 5, B A BB ML 08 B 30 4 24
(R, R H GY—4 AU F o o SR S0 B B
N,

1.42  AIEHEEDEYIRIE A PR Lk R
20 Wi %, R PR-PAL-1 BU%C 08 B 0 5 |
FAHEL 3K,

143 AHERME S8 Loay" W Jr ik, %
Al g, FEALIEER 30 R 5L, AL S R R
T 4 °C,8 500 r/min &0 10 min, A 0.05 mol/L
() NaOH X i A B3 BR () 13 WA i e, e 3
W B ME

1.4.4  KIGHRMME  EEFREL, HiEs R
R I BEAR FEAT 5728 UL &, R BE B AR
T 1.67 mm W EERN R R, AR ik
.

Eﬁ%w&;%%%%%%xwo 2)
145 TR 28 GB 5009. 34-2016
(B ML EZERME &b & AR ) )i
WO S AA sl B 8.0 ¢ BN, B T AR
OB 250 mL K % R BERE E R B T di i
ATSC I 25 mL SERET W, SR I5 FEZ518
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A 10 mL R R W, 37 B 55 ZE AR T
MR 200 mL B, FEZE18 1 min, D578
TR 7K WA A TR B VS W e A s e, A
BV (0.005 mol/L) i 5E .
1.4.6 BifbEESEEONE  HS &2k ik
S FEF I L A B3, FEEA 0.5 mL
Zn (Ac), W 1.5 mL Ep A 25 mL =l
o 1.0 g AR VIR BIFEE A 2 mL 50 mmol/L
MR Eh 28 vh A W (0.1 mmol/L —- 2 iz U 2. 12 0.2
mmol/L HLIRIMLER ,pH 7) A = IS I AE T
HAIA 1 mL 1 mol/L HCI Ji3 3 5 , % i 5 v 30
min, B Ep &, A 0.2 mL 20 mmol/L. DPD Fi
30 mmol/L. FeCl; 1% 2] 22 W5 & Vi 15 min, 7% K
670 nm Kb 5 W GAH

H,S & i A .

H,S & & (nmol/L)=

¢ (H:8)x1000x (0.5+0.2+0.2)x0.001 3)

m
A e—H,S W, mol/Lym——HE i i i g,
147 CEMER S ENNE 2 Rahat 0
7 BEAT RS, B 1.0 g FE G KIB IS IR FR 43
BN 5900 & AR T TIE o 12 000 r/min &0 20
min, WO FIE O 1 mlL BB — W) 7P
560 nm Ab BEICROGAR , 1 e 2 W2 1 iy 2 B b
P = BR A ZEAZR AT AT R eI LT3
1.4.8 SiR.SAT OAS-TL i 1Ml  SiR i 712
8 Randewig %524 J7 v& SE 4700 22 | W& AT 2L 80y, HL
1.0 g FE S oKIEBEES A 5 mL 0.1 mol/L. Hepes—
NaOH (pH 7.8),7E 4 °C .14 000 r/min &> 10 min,
1 80 WL I35 WA 20 w100 mmol/L i 2 2% o
WA 400 pL S (25 mmol/L. Hepes—
NaOH .1 mmol/LL Na,SO;.5 mmol/L. OAS -HCI.10
mmol/l. DTT 30 mmol/l. NaHCO5.15 mmol/. Na,SO,.

5 mmol/L i Jit H 5& 5 K5 )15 min J5 A1 A 50 pL
20% TCA, MR & i, AR orah el 1
pwmol Cys & 1 U, BTE ML) Ulg R,

SAT 1 71 2 I E BRI 7 ik 047 00 5 |,
A E, B 1.0 g BSOS N 3 mL $2 1R
W (30 mmol/L Tris—HCl 1% 10 mmol/L DTT)¥K
WWFEE  7E 4 °C .14 000 r/min 250> 20 min, B 100
pL FVE WA 100 wL 20 i (4 mmol/L L—#2 %5
M2 .2 mmol/L. & Wt %f W A 0.5 mmol/L DTT.1
mmol/L. Na,S .50 mmol/L. K,HPO, -KH,PO, ,pH
7.5)25 CAF FHi 7% 10 min, fil 50 pl. 20% TCA
Lk Oy, W e R & e, DA B AR 1
pwmol Cys 24 1 U, BiEPELL Ulg R,

OAS-TL 1% 712 18 Liang S5P75 3 90470 % |
WA sl . B 1.0 g FES UK ES  iNA 1 mL 20
mmol/L. Tris—HCl KV BB , 7E 4 °C .13 000 1/min
B0 10 min, BUEE 50 pL A 1 mL SR (5
mmol/LL. OAS.5 mmol/l. Na,S.33.4 mmol/l. DTT,
100 mmol/L. Tris—HCl), 37 CH}?F 30 min, il &
o 2R i, DAREA AP AE R 1 wmol Cys 1 U,
filg i M A Ulg o
149 52 SiRI SATI SAT2 SATS Fil OAS-
TL Wy EE R B & o0 FF Al in A VR EUAIT B A
K, S B RNA 45 a0 & id B 5 14 25 BR IR A T
FRAE . RNA M3 K 20 B R 5 4% i SR FH B e SRk
MG AT R 5, A cDNA % — & & F-20
CH M o R qPCR A3 17 55 KA A X 2R3k 5, 95
CHIAEYE 30 5595 CAME 10, B AHEE, 105,72
CHEH 10 5,40 1 ;95 °C 105,59 C 605,97
C 15337 C 30s, BAFEMER 3K, R 2724
BB K 0 KBRS SO 1, T HURE i [A]
MR FRBEE 0 R, ITE BT L,
Actin FNZSHN

x1 TmERBAEEXSIWEFT

Table 1 Sulfite metabolism-related primer sequences
AR & AR Ew@il#(5°-3") By il (5°-3")
SiR1 GGGAAGAACACATAGATTGGAG AATAAACCACCATCACCCTG
SATI ATGATGTTCTGTGGCTGAA CTCTAATGGCTCTCCTGAC
SAT2 TGCCATGGGTCTCTCCAAGG ATTGGCTCCTTCTCCGCCTC
SATS ACGATCTATTCCTGGACACCTT AGACAATGCGAGAACGACAC
OAS-TL CTGGCATTGGGTTGGCATT CTCTGGTCCTGTGGTCTCATAA
Actin GATTCTGGTGATGGTGTGAGT GACAATTTCCCGTTCAGCAGT
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Fig.1 Effects of SO, treatment on postharvest physiological quality of fruit
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& 2 AP, SRS K R AR B H
BT, TESS 2~4 R S R R H B
35 25 (P<0.01) HG IR A = T b BRAl X iR
LAk B 20 (0 2 9 BsF 18] 43 530 R 55 2 R FNER 3 R 56
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Fig.2 Effects of SO, treatment on postharvest

morbidity of fruit

T A 45 KR B 5 5 Rk
FNIEAH (24.71 mg/lkg) , B Z ¥ 46 T B 5 1 X5 B8 41 Hip
4 d WHLRR & ARl TR, T AL 5
5~6 REW EFEHE, 46 Kik 2 & KIE (14.11
mg/kg)

FEF 3b ) B A S AR AL T
THG 18 T A b B 3 i T BB A, 7F 0~4
d R R B 2 5 AbEALEE 0 RAGifb &
X IR 2.77 i, T A AR BRES 2 R Bk B0
B, 00 100 Ach 320 1 T AR o A R T ke AR A 1
TR RS

A E AR T T RS B R i,
B LFEER TR (E 3¢), A 3
KAk BN WA, 65 017 22 5 B, B B iR B2 /N
556 KM iR & X B ALY 2.35 5 (P<0.01)
XTHRZA SRS 0~3 REM E %, MAESH 4~6 K2
M3 TR A 5 KA E R ME (0.4 nmol/g) .
2.4 SO, B RLTFERENRIGFHEXEFN
Y % M

SiR SAT Fl OAS-TL 2 W i g £ A Qi & 42
B FEEHCH, mIE da~c ATH, SXTREAAAL,
SiR \SAT F1 OAS-TL 91 J1 40 il #& & 1 4.33,1.02
fE5A1 1.37 £, AL FRAAAY SiR 16 7P A X) RE
1 SiR 16 S e AR LT 2208 TR (Kl 4a) . 5
0~2 RACFEFINT MR 2H T i 5 25 5%, %6 3~6 K ih
P 3 25 7 (P<0.01), b3 o SiR 3% J1 B
0.06 Ulg JH 8 0.26 Ulg, XFHRZH SiR 3% 1
0.08 Ulg -7+ 0.14 Ulg, 25 6 K Ab #2402 %) HE 41
i) 1.86 1.
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Fig.3 Effects of SO, treatment on the content

of postharvest sulfite related metabolites in fruit

i & 4b Al %1, BT AT AL BE A SAT 36 SR 51
— X R ARAS  FESS 3 R IR I A, 56
0 RN 2~4 KRB 25 22 5 (P<0.01) Ab P21
55 2 R B KA 2 X BT 1.31 £,

OAS-TL 1% 148 {6 258 LT JE T R fa 3
5 0~2 R E 25,5 3~6 KE2Z T B % (K
dc) o AR B B0 B (] 43 ) R 5 4 SR RERS
2 K, 554 KiF OAS-TL i J7 & X% B L 4 4.07 1%
(P<0.01) , %t BELH AR SR 2 K I BUPL s T a3,
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Fig.4 Effects of SO, treatment on activities of enzymes

related to sulfite metabolism in postharvest fruit

25 SO, AEMRLTHMEBENRPEXERR
oy =1 0p-A )

Bl Sa~e kWi R 5 A 185 1 AH DG JE R R 3k 6
Wb R VeSiRT A X R K B AE S 0~5 REFEE I
P8 IR BRI L TG T R E 2 KA
Xof 2% 35 b ik B f R N BT B9 39.18 1, B2
SRR 8 3~5 KA Rk o R X iR A

) 3.67,4.00 Fil 1.55 £i5 (P<0.01) , XF HE 20 D] Je & 2%
1 LT B HE 0~2 d AR 2k B G 1 A8 1k
ZIVHECEE R 3k B 5 R AE I T A4 50.39%
(K 5a),

VuSATI F PR AH X 2% 35 £ o ik 2 sl 37
T Ak e % (& 5b) ., P Ak BRG]0 B 3% 22
St WA G W R 2 2 5 A RS 3,4,6
KI5 T B 4H (P<0.01) , VoSATI HYAHXT 3635 5
R E 6 R B R KAE (5.78) , X REAL iy
VuSATI KA XS 2R3k 5 A B F+, JF Fn b #E4H
[FIFESS 6 K H B (A

WE Sc iR, VoSA T2 J& PR Y AR XF 2 3k & 4b
A FEZH B0 S T R ka4, X R4 i 1 Ak 3
., T T VoSAT2 BEH A, AbFRATG B4 Y
VuSA TS J&FAHXT ik i AR b 3 — e 2 5 (K
5d), AbFRZSE 3 R BLUEME /5 0,2,3,5 KT
TR TR R R R IR i kT B Y 2,82,
1.31,1.50 %1 5.21 £, XA 1~3 R &
Ak, TEES 4 KRBT PR T R S R 4 AR X2
e

VoOAS-TL AHXF 3R 35t 7 4T BUZH o S 9058 |
THE TR R (K Se), ALBRATEH 0~4 KB
LT VeOAS-TL #HX} 3R ik i (P<0.01), 55 4 K
R R RE R 1.46, KEG 2 NREEHEART X

MR 55 0 RATRLE VoOAS-TL FX #3452 %
WA 1.71 15,
3 iTtit

K T B 4 R i i 5 AR P R o
(1% 2 B T, 1 ) 24 7l Y A L AR SCE
AR SO, 5 75 b B ok 47 42 Bl I 4 7 7R J5 5
BIFFE SO, 8 45 M7 B R £ A Il 2 A2 X 42 v 1 2 >R I
X IR U B AR o AT 52 e BRI T A1 R SO,
Ak BN AHE IR T R I ], A AR R 512 A R AL
Joid B R SR R R ISR TR S R
PR 0 48] 2 PR A R BB B R A BN AR R SR
FRWy B AT R AR R, A A
HLIR 5% f i H: & W T 23 B, Bl 2R 52 32 b K
B A5 A B T R 20 i, S BOAT R SE R R
R R B 1d 58 2~4 K BLR R 1) L4 v g2
T RCE A IR
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Fig.5 Effects of SO, treatment on the expression levels of genes related to postharvest sulfite metabolism in fruit

Al Cys & 2 m TXHBAL, X 5 A7 A58 45 21
—F, ULBAAMIE SO, AbHH AT DL 4 2 5 S0 i
$90 1) S 2 A s A P A W 1 o ke i X K
B TA 1 HE 1 A

SiR 1 OAS-TL & 2k TCHLER 5% 1k 4 A7 HLaw
MR, A 45 0 B SiR M OAS-TL g 1%
PETESS 3 R2ZJa B K, X5 Cys &itAs
FeRa AR, 150 W1 78 I f 01 e 0% 1 1 b 3
T Cys 198 ik, DA 58 3R S0 IR 998 I B 2
Horf OAS-TL J2 WA 8 #h AR & 72 v i B Js — A~
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Enhanced glutathione metabolism is correlated with

Inhibitory Effect of Sulfur Dioxide on Gray Mold Disease of Postharvest Grape
by Regulating the Sulfite Metabolism Pathway

Wang Man', Wei Jia®?, Yilidana-Dilixiati', Zhang Zheng®?, Wu Bin**
(“College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumgqi 830052
“Institute of Agro—products Storage and Processing, Xinjiang Academy of Agricultural Sciences, Urumqi 830091
Xinjiang Key Laboratory of Processing and Preservation of Agricultural Products, Urumqi 830091)

Abstract The mechanism of sulfur dioxide (SO,) to inhibit gray mold disease of postharvest tablegrape by regulating
sulfite metabolism was investigated. The Munage grape (Vitis vinifera L.) was fumigated with 200 pl/L SO,, and then
inoculated with Botrytis cinerea. The parameters related to fruit quality during storage and the contents of sulfite metabo-
lites were determined. The change trends of enzyme activities, as well as the sulfite metabolism related genes were also
analyzed. The effects of exogenous SO, treatment on sulfite metabolism pathway of postharvest grapes, and the relation
between sulfite metabolism level and fruit resistance to Botrytis cinerea were discussed. The results showed that SO, fu-
migation could reduce the weight loss rate, maintain the hardness, delay the morbidity and the decrease of soluble
solids and titratable acid content, and induce the increase of sulfite content as well. The contents of sulfites, H,S and
Cys were significantly increased by exogenous SO,. The enzyme activities of SiR, SAT and OAS-TL were promoted and
the expression of VoSiRI VvSATI VvSAT2 VvSATS and VvOAS-TL were also induced. It was suggested that exogenous
SO, might enhance the disease resistance of postharvest grape to Botrytis cinerea by regulating the sulfite metabolism
pathway.

Keywords sulfur dioxide; grape; postharvest; sulfite metabolism; Botrytis cinerea



