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CEENLT Y BEEINSEHZENFRETHHILa JH LTz, —J5, NaCl OFERHHUN TIEZED RIS R HEN
ROOINIZT8 | B ATIL T RO A~OHEARN 2 A F1EL L TTEL TORWEHIWTL 72, P5SCS 7'mE—4—%H]
W BT oA ToT A R PSCS] 7 e — 2 — T AR RSB A R 2 EN D o7,
LU EOFERMNE . P5CS OG- IHBUTIE AN ASEME 7 e — 2 —|ZHIES L TBY, 7 RYBHIHH AR 2R A RS
nbHe P5CS OFBINEMHALII, TOFERT v EAINT L& T, 4% AR THROIVZAmRET Ry
HEEA~IEH T 572012, BL -~V CHAN AA G 7LD DOITREARN AR B RG22, ZIDO3EHINC
FOTRY R FICEENST B B2 NAICHRET TN TEIUR, B ERIEFET AL BEE I D73 oh DO Lk
595,

1. AEE/ E D AJFEHIFES> THY, HARATHEINDLTA D)
HATIE, BICEHTRYOFEEEDEANATOITE B B RUMNBERNTAEESILTWAEDIE—FNCH
D, B 20 TRADTRYBINHESN TS, 2055 Jilif/eV RILZH 5,
(BRI 25% D7 Ry A RZ S 2E 11 Tho (& TA L BEEIZHOWONDT RU AL FRIL, Vitis vinifera |2
MOKPEBTI) , WA POIE, ARO BT RUIEEWE B T27RUTHY, XY VRR B/ )T — R~
THAHLIMESNTEY, TV T ~OBIHENTEAE L /= y=ar ol 79 ARA XY TR Oa—ay
BOTHEIMLTWD, — . BARTIIVAVEEEDI T AFE T AVIRLTFVRE DU A L Bl E CTIE I
THRY, F£l 8 TXalyMLOUALPEFESIL TS, SN TWD, ZRHDOT7 Ry Ml B A THIEREES LT
IWBLRIXT A DA BEEE L THRIDI, ERIK 2 o B0, IERAICH A A BEE L el dH 8 LTl
2y ML OTA U EEEEL TS (ERUTHAN) , LinL,  EREEH 7R RENRNE CTEESNTCODEESE
FOLZA, FHFETA L OFEIOK S B ITIME R 2720, 20720, BARDOTA L AEPEITEEEFATICEY.,

85



TA L DB %% CEIRRA e e, LinL, HART
BESNDUA L DHERLmE N LoD, RER
B 7 RO 3528 LN EE ThH-
Teo ZOXIRBE FAEZT  ITFEIZB W TEEEH 7R 0
BB ANDT AL AT — 13RI 2L | [E
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TR N T, R, A TE, BTEE,
BAROFEIE/ S OMATITERICHY, TRVFIEFE .V
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NGVl G =L VAN VA QN = S RVAIQNE 7/ < R YA
TR EBRFAD T EN D, ZNHDAENL THEDE
B, EERSORE~O AN &, BNGORFEOmE A
BRRETE B KIE T (AR 1998), £/o, AL THO
B DTS HIEDENDIEA B ECRIT ORI 2
ZHZHEEFEOITWD (I 1997) , ZHHDOHE D
SEHET UL, TR OREE HIEOE NIV T RU#HIC
BT SNDERIMRERL K P AR A IR E DB AR
AZFENRAEL, FERELTREAN ADLDIZEOT Ry
REOMBEIZENECHEMLETED, FHE, AVAUIC
MHEROFVEAT 535 3-><ﬂ/7a7°b/\ﬂ‘r*7‘/ww>7‘$“
VREICBTHIEMEBII R RREICLVE(L
(Kobayashi et al. 2010) VIR ?*ﬁ“fﬁfﬁxl\[/x%ﬁﬁﬂﬁ‘
HIEWZIVZEDOEREEZEIMNTAZENAIEETHD
(Kobayashi et al. 2011), ZOXH 2, REREFET A D
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DB TH B,
AAFFE Ty = 7 O EKE BRI AR AR T RO
Ta) GRS RIE TR B RREL AR RIRE T

DU‘/@EJ‘Z%%%MHT% LICKWEEY A0 MBI
W 7= B R AR R T DL TH D, 7l 3y

0 0

NH;

=) s I
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@ product m NH

P5CS, delta-1-pyrroline-5-carboxylate synthetase; PSCD, 1-pyrroline-5-carboxylate

L-glutamine

Fig. 1. Proline metabolism in plant.
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ENTEDLHT 2T RUEANE D A TR T 5720125
i3 5HLDTHD, Fig. 1 (TR, fEHO 7T 1)
X 3 8 B 12 3 v T, delta-1-pyrroline-5-carboxylate
synthase (P5CS) 17" 0V B DF —[EH Th D, AL
L AEA LTz A XA FCld PSCS B s 1R B &)
L, el EAEINT 5 (EPS 1997), AWFFET
AN ZZARLIZZ RYIZEBT5 P5CS Bin 38
BRI R BOEERFL, AN R SEMET
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2. IRA&E
2.1 #EME

WAL R FT A R gE 2 & — RERAR 1 LA
ZEERPRIC THERES B L CWA T R RS M 2 vz,
A R—2" B5 (GB) i AE: #IC 3 H RS L7 B A
ZAE LTz, Al 2 —pE B B TR S T
Bl /U (R 25 45) I BERER L 7= 805 (2013 4 8 A
14 HIZERED &, [FEZ—RICHREF S QD e 2 D
A NVRRBIOI AR =T =T (O T b B
34 AL 7,

2. 2 AL RALE
2. 2.1 EEHRADIERANLRLE

GB 5 #1C 3 A MIREOEF R L7552 M 30 mL 125
KIRFEA 4 mM 1272559 NaClLZTRINL, 1, 4, 10 FEfH,
AR 2B AR LT, av ha— L U TR D RS2 4
faz v,

2. 2.2 YIEADIBAMN RLE

BEMDDEINE LT BEAUIFEL L | AR A ALEREAT
7z, YIEEIX, 16 day / 8 night DS T, 26°CT1 HIK
HRLT=1% ., AR YES1F T C 200 mM NaCl 731 1,
4,10 BERFRL ., AN RE AR LI, 22 hr—/L e LT
IR O)3EA V2,

2.2. 3 BHEZTRIADIEAS RUNE

RL—Y VIO X 7 R U (L LR R BLOH R
VFH =T 4 =8) O LEITHE AR AL AT 5T,
NRL—Y U (/LR R:2013 4£ 7 H 23 H, H-ULKe
V= 4=32:2013 4F 8 H 2 H) I AT Z a2 emdi% .,
13 1 kg HT-VOHIREE D 100 mg HDHV T 500 mg 1272
HIDNT NaCl TEi A Bz, 2w ha—r e T,
IRALER DSR2 7 ROk 2 2, % VR R TIEL 7 A
23 HDUNHEH O 8 A 23 HET, FEidbBBLZ 1 #HiH
BEIC,RETTA2 H.30H.8 H6 H,23 HIZHY
TV Uy oIV T — T 4= T H T 5 9
A 19 BICRFEEY TV T LT,

R Z DT VR RIZBAL T, NaCl AR OB i HcAf
ARG S L7z, RL—Y U HICAST2T A 23 B8 A 2
H.9 H. 19 HIZ, 100 mM &2\ % 500 mM NaCl {&ii %
TRUK 1 Rdb7-0 100 mL #iAi Lz, 2 ha—/L O gkt
7 RURHIZI3KRERBA LI, 8 H 23 HITRFEL LT
NP R
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2. 3 RNA B S UEETFREAEN

HY TNV EIRIRE SR T TR LT, 7 RUIE M,
RUT = )= VIR E DIHEN 32\ N2 | Fruit-mate for
RNA Purification (TaKaRa) (Z XD R LER A2 1T 57274 |
NucleoSpin RNA Plant (TaKaRa) 7 ®2 k21— /L ZHE> T
RNA ZfhHL7-, Primer Script RT reagent Kit with gDNA
Eraser (Perfect Real Time) (TaKaRa) D7 bz — L2
V>, RNA 7°5 cDNA & &L 7z,

P5CS(P5CSI F XU P5CS2) BAn 1 DR BURHT I,
SYBR Premix Ex Taq (Tli RNaseH Plus) (TaKaRa) D71
R — UGN VT V2 A2 RT-PCR (2R FESLT, fi
AT RN AN AR A TSN E I 57260
WAN A~ —J— L LT, V vinifera acyl-CoA-binding
protein (Takato e al. 2013, LA'F, ACBP LI&FE) Ein 1%
Tz, WEEEHEL L C V. vinifera B-7 7 F B in 1 D%
BLEDHYT LA 25 RT-PCR (CXDBIE LT, PRI HED
BRIV TNV OELTIHEL | F 8 s DOFEH
B2HAHMETERL, AR THEH LT 7/~ — 0D
FERHNILL T OB ThH 5,

P5CS1-forward primer:

5’-ATCAGGTGCTGTTGGCCTTG-3’

P5CSI-reverse primer:

5’-GATGGTAAGGCGTGTGCAGC-3’

P5CS2-forward primer:

5’-CAGAAGTTTATGGGAGCGAAGAG-3’

P5CS2-reverse primer:

5’-TGAAGGTGGAGAGGGTGGA-3’

ACBP-forward primer:

5’-GTGCCGGTTTTGCCTTC-3’

ACBP-reverse primer:

5’-TCCTCACTCTCCAACTCCCTCT-3’

B-actin-forward primer:

5’-CAAGAGCTGGAAACTGCAAAGA-3’

[-actin -reverse primer:

5’-AATGAGAGATGGCTGGAAGAGG-3’
2.4 TN EDRE

BH TNV EIRIRE TR T TR T2, TR 0.1%
HCl 2L IRFIL 7214, 50°C. WEATC 4 REMHIFRE L 72,
mO%, BB 045 pm SV YT v 2 — L, i
R, FHCBILCTIE, 0.45 pm SV 27 4L —(T
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X EZ Chrome Elite (Scientific Software) % H L 7=,
2.5 P5CS 7RnE—4—7vtA

v/« /7 — v (V. vinifera cv. Pinot Noir) D HE/N 5
DNeasy Plant Mini Kit(TaKaRa) %\ C%" /.. DNA %
HL7=, PSCSI BE Y P5CS2 7 mt—X —fHI A IR
T5HTTA~— (S KU Hind T HDHNE Xba 1 OFHR
BESE A NI &2 VTS /A DNA b7 st —4—
REIA R L7, BIES -7 v — 4 —fEikiE pBII21

T IAIRD Hind 1 BE N Xba | Y AMITA7—a L,

TS =T e A ORAGERAT S — 2512, 77
12377 U7 I (Agrobacterium tumefaciens LBA4404 1K) %
MWCIPE A~ 2 — %233k il BY-2 il (31
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BN EVED, 90% T 2N A T2, K ET 15 2
EL7%, TN RROBRE MilaZBEE LTz, -7V
n=4"—+t (GUS) YL ak A M anL | 37°C O
TC 1 BERESE T, GUS Yt i3l A B FRE, 100%
TH)—/VEIRINL 5 SR LT=% . BY-2 Mo
VA F BTG BRI,

3. IRHER
3. 1 EBHBICHTHIEAN RAEHETTD P5CS M
H|LEHETO) U EDEIL
AN A2 S L 7 RS M Tl LB D k4%
Hifm L el L AN A~ — B —1& {5 ACBP D3 Bl &
DHEEMUTZ (Fig. 2A)  ZO#RERIT, ARFFE Tl AL
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Fig. 2. P5CS expression and proline accumulation in grape cultured cells treated with NaCl. (A) ACBP expression. (B)

P5CS1 expression. (C) P5CS?2 expression. (D) Proline accumulation. Bars indicate means + standard deviations of three

independent experiments.
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T LB RE LT, TR DRSS ) WERE AT LTk F
7 K 7 iz 1% P5CSI ( GenBank
XM 002282319 ) & P5CS2 ( GenBank accession no.
XM_002273220) D250 P5CS i&in+MFAETHIEMN
SN 5T, HEARL AL Z 4 B E L 7= 5528
\Z31F D P5CST HELEIT, BB ORI & L
1.6 fFRREEHNL 7= (Fig. 2B), [RIERIZ, P5SCS2 #BlED
MEALE ORI S L L 1.4 [5FEE &</~ 7= (Fig.
20), AN AELZ i 7B filalc s 57 el v &
DZAL% Fig. 2D IR LT, AR ZALEEDS 4 BRI 1S
Za B INLLAD 10 B o7 al) o idas ba
— VLUK 1.2 5 Tho T,
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Fig. 3. P5CS expression and proline accumulation in detached grape leaves treated with NaCl. (A) ACBP expression. (B)

P5CS1 expression. (C) P5CS?2 expression. (D) Proline accumulation. Bars indicate means + standard deviations of three

independent experiments.



PLEDFERIE, 7RI AN A2 AR 5L

\ZR0 | B a L [ERE . P5CS BT OFBL &ML,

ZHUTEWNT el E T A2 ERALNE ST,
3.3 HIEZTRIOBICHEITHIEANREHTTD
P5CS ORBREBHELTOVEDEL

38 1 kg 720 500 mg 127255912 NaCl IFiH % -1
(ZALBRU T $AHE 2 D /LR ROBETIL, L) 3 [H]
%3 8 A 13 HE T ACBP DIEHEDRINMBZRD I,
ZDOFBEITELLIO T RO 1.6 £512Z LT (Fig.
4A), —J7, 13 1 kg H729 100 mg (27255912 NaCl &
%%EJti%c:w;%u:ﬁsifﬁz@“/ww“%@%mi\ ACBP
DOFBIFENINTRH LT, W2 NaCl LTI ACBP D
BT, UJ:@#\%%#E\ +3E 1 kg H72Y 500

mg (27255912 NaClHR IR & T AL 52 Lz kD, gk
2 7 RO OBEITH AN ARARTSNDZ LDV RENTZ,
L722357C, BLFOFERTIE 500 mg/kg (27255512 NaCl
Wil % T HIZAFR L 7= 8k 2 D2 VR 2% IO TG
L7z,

EIZIITD PSCSI HELEDHENINIL, AN RLEEA
FELCTHD 1 %D 7 H 30 BIZREH B (Fig. 4B>
— 5 ANV AR LD PSCS2 DFEHLED IR
DHAVT, WIZHBL EITEA LT (Fig. 4C), HEIZBITD
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Fig. 4. P5CS expression and proline accumulation in grape leaves of potted grapevine treated with NaCl. (A) ACBP

expression. (B) P5CSI expression. (C) P5CS2 expression. (D) Proline accumulation. Bars indicate means =+ standard

deviations of three independent experiments.



13 1 kg H729 500 mg (27255912 NaCl ik % -4
(ZAVBRU 72 8R0E 2 D VR R FETIE, NaCl LB

1 E[E%O 7 H 30 BBINER O 8 H 23 HET ACBP
DOFRBLEOIEINARD B (Fig. 5SA), — 5, 13 1 kg
H71-0 100 mg (2725 1H1Z NaCl A% 8 LFE L 7- 8%
FEZ DT VR RFETIL, BELFRRIC ACBP OB
IMIFBD B2 >T2, LLEDOFERIG, 13 1 kg 5720
500 mg (27255912 NaCl ik & U4~ 52 212 10 | 44
2T RO R FEITHIEAN AR ARTSIDZEDRHB)
Llpolz, LTehi> T L FOERTIE 500 mgkg (2725
EIIZ NaCl &% B ALER LTk 2 o v LR 1%
WTRRRLTZ,

RIFEITEBIT D P5CSTREBLEIT, AN ZF A fii LT
5 1 %O 7 A 30 BIZEINLLED, INEH D 8 A
23 HIZIT AP O T R B ~K) 2.3 (OB EZ R
L7 (Fig. 5B), P5CS2 DHBLES F/o AR AU
1 %D 7 A 30 BSEINUAGD  INFEH O 8 A 23

I D7 RO BHZ A~ 4.3 [FORBLEIZEL
7= (Fig. 5C), £3 CRIP) ho7 vl &3, AN 2%
FMELTH5 2 %D 8 A 6 HobEINLAAS , ILHEH T
HDH8 H 23 HIZITUE O T RO BHI I~ 1.2 5D~
n) A EFE LT (Fig. 5D), [FIERIC, 158 1 kg H720 500
mg (2725 891T NaCl ¥z AL L T2k 2 DT
ALY =T = I RFT | IR SRR D
ROBHTHEA 11 RO 7o) BNERLEZN, fiats b
DA BEZIIELN203-7 (data not shown) .

R Z DT VR RICBIL Tl NaCl VA 0O BE i A
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Fig. 5. P5CS expression and proline accumulation in grape berries of potted grapevine treated with NaCl. (A) ACBP

expression. (B) P5CS! expression. (C) P5CS2 expression. (D) Proline accumulation. Bars indicate means =+ standard

deviations of three independent experiments.



3. 4 P5CS1 7OE—A—IXBERN RGEHERT
P5CS1 7' E—4—(X P5CSI DBRtA=aR L0 10 bp |

DD, EBIT B 1,974 bp OfElZ P5CS2 7 E—
2 —XBAGEa R 9 bp R b _EIED 1,185 bp DFE
%7 v A HEAL 7 (Fig. 6A), CaMV35S 7 iE—4
— AL % PR SR LB C RIS H 72 pBII21 R —(C
LT aE— A —aiiES Y W R N X — A
L7 (Fig. 6A) , ZIO DT EERIL AR Y 57— %2 S 3& il
i BY-2 |28 AL, P5CS 70t —X— D AR R SEME
ZhEB 7= (Fig. 6B), ¥4 BY-2 TIL, AN 2DH
EZBDL T A VI F U AARLEILRO BN T,
—7J5, CaMV35S 7' ut—&—TCHiliElEns GUS Eix 1
Z AN LT- BY-2 ISR TIE, AR A& AR L72<
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T — S —EIRRARL, BLE T O T AR
RLN AN 2 A58, B LI L T, 1%
DONTIRWF AR B LT, B/ 71 Image J & V- H
GIRAT ORGSR AN ZAAFFIZED P5CSI 7RE—4—
T BRI T IELER DK 5 b DAL VT F AR NIL
HLTODZENHLNE ST (Fig. 6B), ZOFEEMND,
P5CS1 7’0 —X—|THAN AIGENE A THIEDVR
XN, —F . P5SCS2 7T —X— BRI, H A
FAPARMIILTORVIREETH, 2 EO A VAT
BHEEEALTEY (Fig. 6B) , AN ALV T O
FIEAE OREIMLRD L)Y, HEALER O L & Fhlk LT
ZOEITO TN TH-T2, ZOFEFEIS, ARFZE AL
72 P5CS2 7'mE—4—fHillE 7 mE—& — L L COIEME
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Fig. 6. P5CS promoter assay. (A) Construction of plant expression vectors for expressing P5CS promoter-driven GUS gene.
(B) GUS expression by P5CS promoter in tobacco BY-2 cells treated with NaCl. WT, wild type.
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AWFFETITEAN ZAAMICED T RUIZB W T ml
B RREHAL SN AT LZ G T 272010, B,
YI3E $kME 2 TR L3 DT Ry B A B LT, #
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Quality Control of Japanese Wines by Salt-Regulated Proline Synthesis

Shunji Suzuki

The Institute of Enology and Viticulture, University of Yamanashi

Summary

A large proportion of proline in grape berries remains in wine, since wine yeasts can’t assimilate proline
in grape berries. Proline in wines seems to contribute to wine quality. In general, plants maintain their
homeostasis by accumulating proline in the plant cells under environmental stresses. In the present study,
we investigated the molecular mechanism of proline synthesis in wine grapes under salinity stress. Grape
cultured cells, detached leaves and potted grapevines were treated with sodium chloride to load salinity stress.
Proline concentration in the grape samples under salinity stress was higher than that of non-treated samples.
The expression of delta-1-pyrroline-5-carboxylate synthase (P5CS) genes P5CSI and P5CS2, which are key
enzymes of proline synthesis in plants, was upregulated in the grape samples under salinity stress. It was
surprising that single soil application of sodium chloride (500 mg/kg of soil) to potted grapevines at véraison
accumulated more proline content in grape berries as compared with control grapevines. In contrast, foliar
application of 100 mM sodium chloride solution to potted grapevines from véraison to end of ripening
induced leaf withering and early defoliation. Promoter assay demonstrated that P5CS/ promoter is
regulated by sodium chloride. Taken together, we concluded that grape cells accumulate proline by
upregulation of P5SCS transcription through salt-regulated promoter under salinity stress. The present
results may provide the best information to us for improvement of cultural practices in vineyards to control

proline content in grape berries.
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