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Enrichment of Resveratrol Content in Harvested Grape using Modulation of
Cell Metabolism with UV Treatment
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Abstract

This study was performed to investigate the enrichment of resveratrol content in harvested grapes using the modulation of
cell metabolism with ultra-violet (UV) iradiation. Resveratrol, a phytoalexin, is produced by stilbene synthase (STSY) from
malonyl-CoA and p-coumaroyl-CoA. Its biosynthesis has been reported to be induced by UV and other environmental factors.
Reverse transcriptase-polymerase chain reaction (RT-PCR) analysis showed that STSY Promeoter 1 in grapes was very highly
expressed by treatment with UV. Grapes were harvested and treated for post-harvest induction of STSY gene expression with
UV, and then their resveratrol content was analyzed. UV treatment for 5 minutes provided the best condition for the induction
of STSY gene expression. When harvested Gerbong and MBA grapes were treated with a prototype UV radiator, their
resveratrol content was enriched upto 5 times compared with untreated grapes. These results suggest that a post-harvest UV
treatment can be applied to enrich resveratrol content in grapes and add value to them.
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oML E A AF ek Fale] oA 1 la, 53] A1
21Fe] 17715 U = gEe] S8t th
e A% fFofsivhe AM S 2R 2 dHA 9l
= vk opg), H X=Fe] A77S B AHEA &
HAHA E=o gk #4lo] HekE nxH 1 itk X
o] 717}71%64)& ‘French Paradox'Z2 -4 3h, thE 2 A
7164 B4 gl 2mgkE S resveratrol, 3,5,4-trihydroxystil-
bene) 2 LA AThMeskin ef al 2002). dAHTES D 1

SAAIR! viniferin2 e 2 EA A FellA] Hdgh 7
ole] g JAIst= WoEZQ] phytoalexin 2 L #]
9)THLangcake & Pryce 1977).

1992'd, Siemann & Creasy(1992)°l 2J3| E=FolA] trans-
resveratrol©] TAF L, A =5 A7} WdEH A

(coronary heart disease, CHD)l| &3t APYES FET= o
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2 ¢l B (Maxwell et al 1994)7} Y& o], g ~HgES
oFe] el tigh @& AFA A} B3] Al
=7t 3] 2 Fu2HER] LDLE W54, ©]
2% Z¢ ~E2<] HDLS Z7HX71th= ¥ 3 (Fuhrman ef al
1995)2 Ho}, o] ofute Ful | 2|t A &S H A7)
71 &l Zog Heln, X% Falo] Fuld F2 Yeht
€ dzHgESe] 1 &g Adolgbar o dE i A thMax-
well et al 1994, Fuhrman et al 1995, Jang et al 1997). %3},
gl g EEo] AlER)E AAletal p53 BEE Sl AE
A} AHapoptosis) S =g =M ddadE Jehdcie 4
4371 H ¥ A cHChabo e al 1999, Clement et al 1998,
Huang et al 1999). 19| #|~HZtEE-L gde#] 283 A|
FRAF7](cell division cycle) ZE 28 o] &S B9
(Cheong et al 1999).

| 2| 2t E &2 shikimate pathwayS A A/dE p-couma-
royl CoA &+ E4}¢} malonyl CoA Al EAIZFE &l A}
3+ & A(stilbene synthase)ol] &3l FAAEH, 2 FU BT,
e, TE Femiy 1 421040} Beldel Ludsin
(Schoppner & Kindl 1984). ©o|& A& X220 TA0]A
v A5 A @Al 289 Abelol] AuA] 2w Ao mA,
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AU B E(pine seedling)oll il UV, 3] 244, 2F A
2ol oJsf dl=HgtEES] Aol fed Z3E Husta
) tH(Schoppner & Kindl 1984, Fliegmann et al 1992). &3t
HaHSHEE Fo dAste At Fejok A7) 4
7ol A ~E 2o ogk B - iz A4S a0
F 32 JTHCantos et al 2002, Cantos et al 2003).
1311,}’ RA=Lc) gx} EXQAF pAle] X 4} 7H}\];Go] Hgﬂ
(veraison)©| 5ol = d| =M ZEEL] gfo] 719 Hv]] 1/10
ofetz Hashs WS wolr] wel, A} A3 Al
= U o] & Flo g By 9ltiJeandet et
al 1991). =3, ¥% 428 F AA2Fo 2 Y23 913 X
2ol Hol UV F o AFom dmdERe 254 9
T= A9 gl AFolt} ]ﬂr\ﬂ—, 7]9] 73_?4 45} o]Z UV A

S Bo) AEAORI HRE oY FEY AE AA4E v
2AtHCho et al 2008).

wehd, B APE A1 R] Hohd A E2E
BArEp) Astel 8 F AL hAE e Fof o 2e
EZo gUE EANOR FEA)E PPS AL 0
A7l $4& £ 95 A7el A9 SAe wio
AE 24l 9% A4S DS W dznehe g 4T
Al W@ Aol thehbA] Bldha, ol F Luo
doetEg dF BeE A9 A9 Ao w7

sk Zolnk,

B el 200433} 2005300 =€
(Muscat Bailey A)2} A5 =5 A8}
2 XM 2|

# AFoA = Z}ﬂﬁ% e e Y R =
=9, WAL ol AR AIRE 24
N el Jhala) A% 2AsIL. A9
WALA| (Radiometer, model: VLX-3W, Cole-Parmer) =
Atk ALA A s ddstA s 8l 8 A X
= $o|2FH TElste] A& AT Table 12 X
o A Al zpefA el Al719F Al Alzhs UERd Zlolth
Table 1914 AA] UV A=E 2= FHo] i 2o

o F=g oju@k
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1) FHX} LAA £ 015 F4(Transient Analysis)
el A F A A AKSTSY)ol thek £ -84 2K pro-

seokAlo} ki frik

moter)®] 7]%5& ERIgt] g FAA AIA A
(transient expression assay)<, 3'd 72" A|(construct)
9l stsy promoterel] 21 &8 1-F7 20l GUS( S -gluuro-
nidase) & Eo|a FAl| YHF vl QAL {3 gxTo
2, o]F construct’} gl A1E-8 12} 25| (plasmid)$] pBI
101 =& pBI 1218 AFHE3FSItHLee & Pyee 2004). il 713l
(arab1dops1s)°ﬂ/\1—4 UA1A 2 -S 984 Agrobacterium-
7] SRS WS A881%ITHClough & Bent 1998). E&=
of| A ‘rrqu} RS AaiM = N FdA ARE Sk dAb
2% FH(particle bombardment assay)(Lee & Pyee 2004)&
Alzstdleon, 2% 35 A4 1 em7}t H 25 2ebA 4
S A Eal k8- vix] 9] MS(Murashige and Skoog) 2|24~ HlX](Du-
chefa, MS including vitamin, 30% sucrose, 0.8% agar pH 5.6~
5.8)cll AEAIA UAEA A F71(Bio-Rad Biolistic PDS-1000/
HE, Particle Delivery System)°ll %25} Th. 15 inch Hgol 3
FEE 42l chamber vacuuml 2 ZX A8 S 3 cmZE Tl
1,500 psi YA 42l Ho] F)h slE plasmid DNA
£ Bio-Rad2] WAl & 3 mg microcarrierS, DNA 5 g3} 50
1L CaCly(2.5 M), 20 ¢L spermidine(0.1 M) H7}ate] 4
SollA HAAZ F 22 70%, 100% IPLZER A2 5}
3L FHF 100% oANELIZol o AHgSTh AASAR T

715 A1831] stsy promoter-GUS 2 2T C.2 pBI 121°]

AXH

mE_

Al =] (transient)d 222 MS Z 4 vjR] oA o] EZT u)
& & Z2]3}8HEA (histochemical analysis)(Lee & Pyee 2004)
= AT

SIRRRto| oft

GUS &4 BAL Jefferson et al(1987)2] WHZ FA1SH
o] Fol itk MS 4 uiA|ellA] o] &1t ui kgt STSY promoter-
GUS7} Soi7t 24 ¥ g ew rold @ 25E UV
S 2033 Aesich. uv A2l 2 oHiAe] =4S 1 mM
5-bromo-4-chloro-3-indolyl 3-D-glucuronide(X-gluc)E > &3+
GUS £9(50 mM phosphate buffer(pH 7.4), 3 mM potassium

Table 1. Imadiation intensity and duration of UV treatment

Virtual UV Actual UV Treatment
UV band power intensity duration
W) (mW/cm?) (min)
C 40 0.356 1
(100~280 nm) 190 0.651 1
A 40 0.198 1
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ferricyanide, 3 mM potassium ferrocyanide)©ll 37 Coll Al 244
ZF WREAIATE B9 50%, 70%, 90% olek-&ol 72} 30%
A AT T onpR|Eto 2 70% o ghgo] Wold Mis ¢
3] AAsIL GUS S ATk

4. HPLC 24

2 A FE 1€ AoE 2= HaWHEE 3
HPLC &A1) o8 S3lstsiom, 294l Agd 2=
v w3tk 59 AR5 0.1 g 1 mLe] WEdaE-S 78}
o] 0.45 #m filtering(Millex HN 13 mm)3}o] diode-array UV
detectorE 7} HPLC(Agilent 1100 Series)ol] T4 3s}it) &
H2 reverse-phase C-18(5 m, 4.6x150 mm, Hewlett Packard)
< AH8SFTE HPLC 4 2712 o33 2t} Methanol/
waterS 81| 2 3] F5 THll(gradient) 271 314 1 mL/min
o] fFEEER 3581t AT ofm] Al FUF 20 1L
ol 3L, &€ gradient 712 15:85 H]-&ellA] 40:60 H|&
methanol/water 2 33 0™, | ~H|ZIEE peak-2 23504 =
HE Q) 3, FFEH 2 Sigma-Aldrich(St. Louis, MO,
USA)9] Bl2HZtEES FYste] At 42 34t
Fo g A

L o

F=t 247t A21A|(model CR-400, Konika Minolta, Japan)
9} Z-49=7(model PR-101, Atago, Japan)E Al-&3l] =
sttt A3 At thE2] Hunter A A| 2813 o] &-3fo] 4t

AE= V(AL + (Aa) + (AD)?

, QAT gl gz o] A HRS 7]}
gk A3 2K (color difference)E 2|V, A L2
3k 8] 2} A ge AR} aEla A b &

>
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Za 9l 13
1. SAHEIEE dEtd FHA 2 24
Fig. 1 22l A3 F A (stilbene synthase) -2 AHSTSY)
o et =2 -FHA A} (promoter)2], UVE} yeast extract, AICI;

A AL 28 ek XEo] HaMPEE 73t 741

o] A A=l ofgh YAIA W transient expression) &=
£ °§717dtH(arabidopsis)ol|A] FFo = gR1g AE Aol
t}. Fig. 12] (a)= STSY promoterol] E1-H-x}91 GUS(S-
glucuronidase) & £°| 3 pBI 1019] A9 (plasmid %=
= vector)oll Addte] A=A FAAY] T Al(construct) E
aglo =23k Aottt (b)= 1047 ARek of 71 B
o] AA]A WFE F(transgenic seedling)E 1553+ FFollA
mjdet AL l2TR o 1583 254 nme] UV A 2|79
ARE 179, 29N 1 mg F Tk 3] = 4-me-
thylumbelliferone(4MU)2] nmoleZ 4+t 1 4d H =&
H| &k A#jolt}. Fig. 19 Uehd vie} o] of 7|4t B0
A1 STSY promoter +-32ke] UV & 9|5 2p=5of o]gh &
FEE IRIT F Utk

Fig. 29141 STSY promoter 13} GUS2] 52} 743 Al
o3 Al Txolx Bd HEE sl UAA wE
(transient expression)< %3t STSY promoter 19] 7|5 &
oliR7] 9l vl o 2 AM8-E STSY promoter 1°] §l=
pBI 121 (CaMV 35S promoter:GUS)- (a)<} 2°] A% 2}y
2 T}gof| A GUS &8, = FEMS B O transient expre-
ssion assay©l] AH&H Zdo] AE-o AR F3F glo] A
2 71%ES el th STSY promoter 1:GUSE 7% 35
oo GUSE w3 gogxn 313 STSY promoter 1°]
in vivoo M= 715 381= cloned < 8R1gE 4= IRITE E8k STSY
promoter 1: GUSE 718-2] Zta]of|x] vt olje} & H-e
oM E GUS S B o= 3)|'F promotere]] €] gk 5ol
Al STSY Hdo] 7H5& 4 da= AlARl T3k

olgt IAIA T AE A= voprt I FEHdSHsta-

=

a = B
@ 3 5
=
a )
pBI101 w
GTCGAC TCTAGALTGAAA cmemmmmm s, ATGGCT |GGATCC CCGGGTGGTCAGTCCCTT | ATG TTACGT
Xbal BamH 1 GUS start codon
(b) UV 15min
£ 40000
2 o0
H T
- 0000 T & contral
R | uv 16min
E 20000
2 tsom T T
3 1o
2 s
= o
-B01 —-722 —801 —-B13 —408 —=308 —268 —200 -138 -7B v

stsy promoterl series

Fig. 1. Fluorometric assay of the GUS activity of the
STSY promoterl (STSY1P) in transgenic Arabidopsis.
(a) STSY1P::GUS fusion construct in pBI 101 vector. (b)
Fluorometric GUS activity from various length series of STSY
promoter] with UV treatment for 15 minutes at 254 nm. Verti-
cal bars indicate standard errors for the three replicates.
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(a) pBI 121 as a positive control

(c) STSY promoter 1/GUS - 20 min UV-treatment

Fig. 2. Histochemical analysis of STSY promoter 1 in
grapevine by transient expression.

ble transformation)& E3dle] &S /MAE TreEChH 874
stressol] W}l promoter?] activityZ7} o8 A Zabd = JEA]
£ A3 3slo] promoterE /o2 &4 3N (activation)AZ
A= AAE N 5= A 2 Aoz Ayztdn) tvl, of 7]
Aol A 2= 2] transient expression = A] UVl 23 4
oA I STk HolA] stth =, (a), (b)) 2] (o)Al
o] FEM band7} Ko} o X3HA B A &ttt o]= UV
2 fungal infection 52| 37 stress7} 7}l A%, STSY
transcript e §243] STt WEA Fagitte AT
ARE aHst, AdI F o1 Wi AlRE BRF
STSY promoter 19 €]3F GUS W= Z718ithl vA] 34
3] g2 7Fsel Ax o ARCdA (¢)7t (a), (b)ETH
g s Hole AlHS E2AeA X3 Aog ekt

8, Fig 304 B vke} Zol] B ATto| = T3 f
HAF &e17]&<9l RT-PCR(reverse transcription polymerase
chain reaction) 712 F3l4 STSY 2 A+2] promoterE =
A3t ol 717t (arabidopsis) FAHEAE B4 A2E v}
Bo g STSY F327F Uvel oJaiA fedrte AS &<l
s =, ko] ARellA AREEE stress 2312 o] 83k 4
CAlX Hesl= -5 2= ZHdellA] STSY transeript(STSY
ke A9l o] drb =5 =AE RT-PCR<
Ealx] gelsiaict. WA 718 =A] STSY transcripte] 43S
FrEShE UVe] 4 5%, 102, 302 5 AlEE e
- 4ToAlA 0AIZE, 24A17F, 4841ZFTHE incubationdte] STSY
transcript ¥ =5 RT-PCRSF 2=}, 7t U371, 4, 7, 10
H lane 2 2 7} STSY/gapdhe] band F3}7] ¥]|&-2 SLH
E5)ol Hlsfl 1~2uH(STSY/gapdhe] band #13}7] B]& H|aw)
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Fig. 3. Grapevine skin treated with UV.
(a) RT-PCR bands of each STSY transcript, and GAPDH (glyceral-
dehyde-3-phosphate dehydrogenase gene transcript) is an internal
or standardization control for experiment error, (b) Relative in-
tensity for RT-PCR of each STSY transcript.

7] 718t 5. GAPDHE glyceraldehyde-3-phosphate dehy-
drogenase 4] HMARERA ME Wolr] 3 L8 -
ZAALE]| 22 RT- PCRO|Y Northern blot AZ}follA W& th=
T EE BT dET 9Eds 5P, (a) Aol AlZ 3l
GAPDH®] band %18}71 & EdsH st &, ddZFS v
BlaLa}l sk AN (0] A%, STSY)2] z18h7] vlw= i %
=& vlashs bl 71Fe] ®rh Fig 39 (@9 (b)°lA UVE
5% Az2]3t & 48A]7F incubation® Z(a, bel 2zt WA
lane®} bar)e] 28] & STSY transcripte] o] 71 ol F7}
sk3iet.

2. XM HMzlof ot HAHZIEE 5F &1

Fig. 4%} Fig. 5= 217t A% XE9 MBA X =0 tafiA]
A9 A2 g atlE W el aHgtEEe] o] st
TE HolFE otk B Aol E 40 W 2 200 Wel A}
914 A(315~400 nm), 223 40 W 2 190 W] #9]A C
(100~280 nm)E AH&-ste] F35} o] Eeof A2faisl o
g awgERS] e vigs B8t aflolA] B vt
o} Zol, #8 F AF 229 A5 A ARlsh] A
gl =H2tEES] ko] 115 pg/gel et Ak A £
4.23~538 pg/gZtA S7VeIATE &, & 8ol E 24
Aol oJsf #l~wetEES] 2 3.68~4.6847HA] 7t
31965 on|gith MBA E5& A¥ %0 Hlg] 9zt o
Z7Vato] A4 A A Aol 124 pg/gol A A Ag] Fo
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(a) Resveratrol content (b) Enrichment ratio
Fig. 4. Enrichment of resveratrol in Gerbong grape by UV-A and UV-C imadiation.
8.00 6.00
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(a) Resveratrol content

(b) Enrichment ratio

Fig. 5. Enrichment of resveratrol in MBA grape by UV-A and UV-C imradiation.

5.85~6.47 pg/g7tA 713 A2 e, H g EFS]
SE7E472~5228 AHEERI fold 24 A3k A% 2
E9 MBA X% BT 5% fro]FEolA] 2 Al we
SE BT} fFofsHAl veErsith of2igt A= 2ol A2 A
Zto] B3} 1 minol] AR o= BF3}al Cantos et al
(2002, 2003)°] Hi1g 3~4uf SEZHT O 2 SF BHE
HolF= Aotk
EE 78 T AedE AEshe W
[

futelA] FoHME X5 QFEDS
o

2 AZE AX ABAE p-coumaroyl CoA g+ -2+2} malonyl
CoA Al BAREE A== Eol7] ulitdl &4 A
Az = Hgls B4 et g7 wEolth

Fig. 6914 B vk} o] Ay Xo] 2ol A A AE
o] zko] 30252 ZAH oM, ] Fol| = 28.90~31.75%
Heht kel A elel e Btela Aol Wt A9 gle
AL & 5 vk B=o 7= Al A7) Aol 15.70%(Brix)
7} A Wgiglo] 2R fAlE]e] Ao Ae] Fol = 15.53~
17.17%(Brix)®] W2 VEpsdth fAFSH, Fig. 72 MBA
Ero] AT g WiskE Hola gled), ARl XE A
AE®] 31 32.98¢] 79| WstE Holx] go} zle]M A &
of| & 31.67~33.42% YEPRtaL, B A2 ol 19.33%(Brix)
7} 28] Fol| = 18.60~20.03%(Brix) = FAIH Atk 5% 2]
FEolM oS B A9, A% IE9 MBA ¥E &
T AT gre] Hske folslA| 22 o= YEhith
o] &t A} Cho et al(2008)°] B7]ol] thafl At A A2l =
B3 veR A Aol Bk viek fARHA Ak d &
At o) Fdole 9IS A FA S B
o= Aotk FAH R, B7] 5 F FEA|oRd(antho-
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Fig. 6. Change in quality of Gerbong grape by UV-A and UV-C imradiation (not significant at 5% level).
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Fig. 7. Change in quality of MBA grape by UV-A and UV-C imradiation (not significant at 5% level).
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