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D &1 L7zo LiAID4 (5g) % Bi/K THF (130ml)
WZED» LEEI%, 11g/20mITHE @ geranic acid
ZWM P LZBHMA, KPP TA4hr BE¥EL, 2D
BERT3hr #I¥FE L 720 TLC THEW 2R L.
T4 MTHBE BiAKL. MLz, B
1% [1,1°H,]- geraniol 3 X O [1,1-°H,]-nerol 28 7E
LTWwWbZE%ZGC-MSTHERE L 720 TD. 4
B HPLCIZ & 9 [1,1-°H,]- geraniol Z 458 L, BV
AR FEERIZ 720

WD &R a7 A ORZE (RPME) 2 HEH
DV E I, 8~ 10T OV X T IVITH Wz,
1.95mM @ [1,1-°H,]-geraniol # Hll 2 72 0.6mg/
ml Tween80 % & & K & (200ml) % & 8 L,
YT NE24hrRiE Lo 3 bu—vE L
T, [1,1°H,]-geraniol % B2 L 72K i % H
WV, [ARRICIRIE L 720 £D%, WEDOHRZ 14K
THEHR, BEEZ LW Th LR AREEP THIE
L7z oy ¥ —10g% NERiE#E L | C
methyl decanoate 0.2mg%* @&y T F VT — T
WV (50ml) T Ly Bk, GC-MS4)
Hricfit L7z

GC-MS &MFIZ LT oM ) TH 5,

GC-MS Z£1E © Agilent Technologies 7890A -5975C
HT N HP-5MS, 30m x 0.25mm (ID.) x
0.25um (film thickness)

Ttk 1.0ml/ min

EALNRE @ 250C

A 7 VIRIEEE  230C
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St 50C (2min hold), 5C /min (180C
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10mM NaCl, ImM EDTA, 5mM mercaptoethanol,
Complete protease inhibitor # 7 7 V) 5ml % il
ATACTHREYFA X, O HER, LiEZH
MEmE Lz, o378 llEL, 30ug ¥ v
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IS IZPLT O & 91247 - 720 KRG (23T,
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7T = — VUK R RER TR E
1mM geraniol BX U1 mM NADP # & 50mM
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A TS S &7z,
7T = =T e F OV E
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&t 50mM Tris-HCl 2¥ v 7 7 (pH 7.0) (41
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Geranyl acetate esterase 114 :
1mM geranyl acetate % % & 50mM Tris-HCI
Ny 77 (pH 7.0) \CHIEER 2 2 THUS S872,
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WX EEREZTS MR EZRIIIRT, TOEMK
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TR, 1B TEKEIXRVENRT
[1-*H]- geraniol 3 X O [1-*H]-citronellol & #
& N 720 4F 12, citronellol i D W T E, €D 1T &
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GeDH DEEZFWF v+ 272 )E—- 3>

v a v AREDSIER L7z EST 7 — % N— (2
K LT, ORI THEES NI GedT ONFHERY) |
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RNA Z ¥ G %88 & L CTHw, RACEEIZ X
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RERONZWHD, Ay 73 FrOFHEICE
DERVPBOLNGZVEDLEL L, BfEDL A,
GeDH Fi# a1 (ZoGeDH) B X 1" DBRIk#{n T
(ZoDBRI1, ZoDBR2) 78 &R E L TH LN TWw 5,
INSOBIETHOHRBHEIIBVTY vy FE
% kA 720 ZoGeDHIZ D\ T, His tag ¥ v /7%
ZEE LT, WEEmSICHS Z EATEDN
ZoDBRI1, ZoDBR2 \Z2\W T, % ¥ 2387 38
MRT& 72500, Wt T 52 LATE T, Bl
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Kinetics/ N9 A—4—

50mM Gly-NaOH Buffer (pH9.5)
20 min &t (protein: 0.3ug)

340nmTHIE

Substrate Km (uM) Kcat(s") Keat/Km
Geranio | 60.9 _ 5.4 . 0.089
Nerol | 926 _ 46 _ 0.05
|NADP 1424 5 0.035

Z;#pH: 9.5-10.0
B - 23-30°C

B 6 ZoGeDHEZRDFvSIHUE—I 3

#IEE L L CHiIESE NADP Z N3 % & citral
(geranial +neral) 23#H S L 7zo — 4. NADP
AT F 7213 NADAFAE T Tl citral £ 5%
BRON Loz RERREMLEZMERELLZE S
A, ZoGeDH 1. geraniol B & U nerol 12 %} L
TEEFASFOHEEZR L, ThDAIZE
cinnamylalcohol 7 2 b iEME 2 /R L. LB SR
PEHFEFVBRLS BN LRG0T TOMER
& A4 = bNTVH S HEEE Nz GeDH DL
HEFKTH 7% F72. geraniol, nerol 35 & OF
NADPIZ 3 % KmfH X Z & 61uM, 93uM,
142uMTd 1)\ Kcat/Km &, 0.09, 0.05, 0.035 T
o7z,

F720 ¥ a Ty TRWAROEA N BT 5 citral
G & ZoGeDHDFEBLIZ D W T L 72, 3,
B ETH. I, HRZE BRIZowT
total RNA B X W citral Z3li L. 547 247 - 726
Citral IMED AL L FTERLEIIBVWTLEZE
NTHBH, INLDEMIZE TS ZoGeDH D
BEHMPALNTZ, LELBH, TV YT =
YRS CERMT 2 ETH T ZoGeDH D S8 BLIL
INE Do Tzs BIZBW TR, citral R EFEFEET,
ZoGeDHDFEH B IZIE A EALN L o720 Th

5 DFERD S, ZoGeDH 338 citral A2 AHEE
WhHBHIENELETE, LrL, HlEIIon
Tld, citral % WIZd 0 b 55 ZoGeDHD
BHIINED o7z THIEBEL K, REDIRR
TH o 72IREET citral 2348 L. MREDLH, %
LT AT ZoGeDH 3 HBL L %2 2 5 b
DD, FTTITHER L7z citral 2873 - &P EHE S
NTWENRLTHAI) LEZ LN, #H, v a
T OMREIGKRALRIRBTINHEIN (B ay
). BRI X ) R CHIC b S 2 &A%
WwW(Ohvawh), ZLT, 0RyavFoli)
DH T a LY citral L WEMIZH B DN 5
Il D ZoGeDH D3EBIEF DA R 6. A I
citral LA HE A, ZoGeDH DIEBN %L 72 b
E R citral A2KASIEE D, ZE TITAERL
7z citral 2SR FHAENICER T 20 EZ S
Moo G, Wk OREREY 72 522 B) D ZE RN
OVNTHRRTVELVEEZ TV,

4. FEH

AWFFETIX, ¥ a v PREIIBIT A citral ZH
Lo & L 72 geraniol BHLEL 73 D AH B A, 25812
DOWT, bR, 5 TFAEYFN 2 S5
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Rz, FDOFER, geraniol Z Hs & L. geranyl
acetate, citral. citronellol [ {2 3 \» T PN 7E 74 %
FOWEDLYIZEVEILTHI LGN D, 2D
PR % A 3 T & 720 ¥IZ geraniol, citral [ Tld,
geraniol dehydrogenase 2SB85-5 % 2 & 355 »
0. ZOFMEEEFOHEBIIHI) L 72,

I

A% BT T HI2H720 . BELRFEMK %
W0 F L7z (0) il LAas - &XbiRBE s
JUOHBRBOFERIOLIDEHPL LITFTEST. B
MDA DTHREZBITY W LT T,
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Generation of acylic monoterpenoids responsible
for pleasant aroma in ginger rhizome

Yoko Iijima
Department of Nutrition and life science, Kanagawa Institute of Technology

The characteristics of fresh ginger rhizome is pleasant citrus aroma with its pungent
flavor. Although volatiles (or essential oil) of ginger rhizome include various monoterpenes,
sesquiterpenes and phenyl propanoids, the key compounds contributing to ginger aroma are
occupied by some monoterpenoids and eugenol. In these compounds, geraniol derivatives,
such as citral, geranyl acetate and citronellol, are quantitatively and qualitatively
responsible for fresh citrus and floral aroma of ginger. Furthermore, their composition is
changeable and different by cultivars, storage of rhizome and harvest place. However, it
is unclear how their compositional balance is regulated in ginger rhizome. In this study,
we confirmed enzymatic inter-conversion of geraniol derivatives by isotope incorporation
experiment and crude enzymatic assay. Furthermore, we isolated and characterized a cDNA
encoding geraniol dehydrogenase (ZoGeDH), which catalyzed NADP-dependent redox
reaction between geraniol and citral.

At first we synthesized D,-geraniol to use for the experiment. The detected m/z
values representing these labeled compounds shifted to +2 as comparing with endogenous
compounds. In the case of citral, dehydrogenation of D,-geraniol gave +1 shift of m/
z value from endogenous citral. In all geraniol derivatives in ginger rhizome, D-labeled
compounds were detected, indicating that these are biosynthesized from geraniol by
continuous reactions. In particular, in geraniol and citronellol, D;-labeled compounds were
also detected. This suggests that both of oxidation and reduction occurs between alcohol
and aldehyde. Furthermore, our data suggested that double bond reduction from geraniol
to citronellol is done by two routes, direct reduction or via reduction of citral. Crude
enzyme extract was prepared from young ginger rhizome. Enzymatic assays for geraniol
acetyltransferase (GeAT), geranylacetate hydrolase (GeAcH) and geraniol dehydrogenase
(GeDH) were performed using appropriate substrates. GeDH catalyzed geraniol oxidation
to produce citral under reaction with NADP. Furthermore, it was suggested that the relation
between geraniol and geranyl acetate is dependent on the activities of GeAT and GeAcH.

Next, we screened responsible genes involved in these metabolic reaction, using
opened EST databases for ginger. After full length cDNA of each candidate was obtained,
we induced protein from each cDNA and analyzed their enzymatic characteristics. Among
them, we isolated and confirmed geraniol dehydrogenase (ZoGeDH) responsible for the
reaction between geraniol and citral. Comparative quantitative real-time PCR analysis and
citral content analysis in ginger plant tissues, indicated that the expression of ZoGeDH is
correlated with the content of citral.



