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Abstract

Project Code: TRG4580040

Project Title: Biosynthesis of Terpenes in Croton stellatopilosus Ohba.
Investigators :  Juraithip Wungsintaweekul, Dr.rer.nat. Prince of Songkla University
Assoc.Prof. Wanchai De-Eknamkul, Ph.D. Chulalongkorn University

E-mail address : juraithi@pharmacy.psu.ac.th

Project Peroid : 2 years

Objective: To investigate on terpenoid biosynthesis in Crofon stellatopilosus Ohba. performed via
classical-mevalonate or deoxyxylulose phosphate pathways by feeding experiment of isotopic
glucoses and elucidating their labeling patterns by quantitative C-NMR spectroscopy.

Methodology: 1. Plant materials: ten shoots of Crofon stellatopilosus Ohba. were cut and immersed into
one of the following solutions. Solution | contained 1% (w/v) unlabeled glucose. Solution Il contained
0.95% (w/v) unlabeled glucose and 0.05% (w/v) [U-13C]-glucose (99% “c enrichment). Solution |l
contained 0.5% (w/v) unlabeled glucose and 0.5% (w/v) [1—13C]—g|ucose (99% “c enrichment). The
plant segments were incubated at 25+2 °C for 10 days. 2. Isolation of plaunotol and phytosterols:
Plaunotol and phytosterols were extracted from fed plants under reflux with methanol. The residue was
dissolved with aqueous ethanol and partitioned with n-hexane. Fraction of n-hexane was then purified
on silica gel chromatography. 3. NMR Spectroscopy: NMR spectra were recorded in CDCI, on a Varian
INOVA-500 spectrometer, operating at 500 MHz and 125 MHz for 'Hand "°C respectively.

Results, discussion and conclusion: Plaunotol is an acyclic diterpene alcohol, which is accumulated in
Plau-noi, Croton stellatopilosus (Euphorbiaceae). Feeding of [U-1BC]quoose and [1-13C]g|ucose into
cut shoots showed that the labels from glucose were incorporated into skeleton of plaunotol. The
incorporation  of [U—mC]qucose and [1—13C]glucose into plaunotol were analyzed by NMR
spectroscopy. Data from NMR analysis indicated that the four-isoprenoid moieties of the diterpene
showed identical labeling patterns. The labeling patterns were observed as predicted according to the
deoxyxylulose phosphate pathway. From this in vivo feeding experiments with [(u-"c] glucose and [1-
13C] glucose indicated that deoxyxylulose phosphate (mevalonate-independent) pathway is the
dominant metabolic route for plaunotol biosynthesis in Croton stellatopilosus Ohba. Phytosterols were
triterpenoid, which commonly found in plants as cell wall stabilizer. From the same condition of feeding
experiment, phytosterols were isolated and elucidated their labeling pattern. Phytosterols skeleton
showed no detectable "°C labeling. This suggested that phytosterols were biosynthesized before the
period of glucose feeding. The result of this study is useful data for further study in plaunotol
biosynthesis in depth to enzymology and molecular biology levels.

Keywords: Croton stellatopilosus, Euphorbiaceae, terpenoid biosynthesis, feeding experiment,

plaunotol
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HNLARTAAULAILITIEENI1 mevalonate pathway (g'ﬂ‘ﬁl 1, Bochar et al.1999) TntazEnainluianazes
acetyl CoA (1) auau 2 Tuana nall acetoacetyl CoA (2) tnaaulasl thiolase (a) AnTLENITs
Tuanazes acetyl CoA 9auBndiniu acetoacetyl CoA fimilu HMG-CoA (3) Insaulmsl HMG CoA
synthase (b) Aieun HMG CoA grisaadléiflu mevalonic acid (4) Tun1aziiil NADPH Tatiauled HVMG
CoA reductase (c) flaanniiu mevalonic acid \inUfjfi3en phosphorylation 16l mevalonic 5-
phosphate (5) War mevalonic acid 5-diphosphate (6) Imenaulayd mevalonate kinase (d) uaz
mevalonate 5-phosphate kinase (e) MINATAU gA¥iNel mevalonic acid 5-diphosphate \nAdfnzen
decarboxylation Waz dehydration Tt isopentenyl diphosphate (7, IPP) Imeeultsd mevalonate 5-
diphosphate decarboxylase (f) ua¥ IPP gn isomerized 1§iil dimethylallyl diphosphate (8, DMAPP) Ial
wulmad IPP isomerase (9) (Qureshi and Porter, 1981)
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Scenedesmus obliquus, Lemna gibba, Hordeum vulgare, Daucus carota , IARINIZIALNTRY Taxus
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gﬂﬁ 1 Classical mevalonate pathway
a, thiolase; b, HMG CoA synthase; ¢, HMG CoA reductase;
d, mevalonate kinase; e, mevalonate 5-phosphate kinase;
f, mevalonate 5-diposphate decaboxylase; g, IPP isomerase
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Deoxyxylulose phosphate pathway Lﬁm%ﬂu chloroplast (Lichtenthaler et al. 2000) ﬁ\umﬂugﬂ‘ﬁl 2 190
TadaAszsfluL  deoxyxylulose phosphate pathway Buannnnsidenfuszwing pyruvate (9) Way
glyceraldehyde 3-phosphate (10) Imﬂﬂﬁﬁ?m thiamin-diphosphate dependent decarboxylation 1%
intermediate ﬁéﬁﬁzyﬁfa 1-deoxy-D-xylulose 5-phosphate Tneiaulensd 1-deoxy-D-xylulose 5-phosphate
synthase (DXS, h)(Broers 1994, Schwarz 1994) @ﬁﬂ‘&uax‘uﬁm Skeletal rearrangement LLas reduction il
2C-methyl-D-erythritol 4-phosphate (13) GLuﬂW']:‘ﬁlfl NADPH uWaz 1-deoxy-D-xylulose 5-phosphate
reductoisomerase (IspC, 1) 139U{j73e (Takahashi et al. 1998) ﬁﬂ%“ﬂmmjﬂuiﬁﬁuwuLL@:mmmdﬁ
Fosmidomycin mmmﬁu&amm’qﬂﬁﬁ?mmm DXR 1§ (Kuzuyama et al. 1998) uaz Fosmidomycin
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wuAiFy, Usdn wasia 1E3nTadumsnziiila deoxyxylulose phosphate pathway (Lichtenthaler et al.

2000)
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gﬂﬁ 2 Deoxyxylulose phosphate pathway (Non-mevalonate pathway)
h, deoxyxylulose 5-phosphate synthase (DXS);

|, deoxyxylulose 5-phosphate reductoisomerase (DXR)

AaNT 2C-methyl-D-erythritol 4-phosphate aziiaUizaNnNgFN cytidylyl group a1n CTP,
phosphorylation AN 2-OH LAy cyclization il 2C-methyl-D-erythritol 2,4-cyclodiphosphate %\‘1
dunaresnssealJisendaeenlad 4-diphosphocytidyl 2C-methyl-D-erythritol synthase (IspD), 4-
diphosphocytidyl 2C-methyl-D-erythritol kinase (IspE) Was 2C-methyl-D-erythritol 2,4-cyclodiphosphate
synthase (IspF) AINANALU (Eisenreich et al. 2001)

flnensuAenfiuntsAneE recombinant protein 11 £. coli Tuianaa89 2C-methyl-D-erythritol 2,4-

cyclodiphosphate @;ﬂ;lﬁﬂ‘l:umqaﬁﬂ 1 TNL@Q@HLﬂu 1-hydroxy-2methyl-2-(E)-buteny! 4-diphosphate 1agl
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ABN1TNAADY
(Materials and Methods)

1. funldiasnldluntsnanas
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(herbarium) 4 NPT UNETINUALNATNNEANART AMSINATANART NUNINUNREAITAUATUNT FU
Wt |fRgaisneomeuen uaznialdndesaansss] mufifiseeiuaes Esser and Chayamarit
(2001) wazmTIA@NANEDE AoemAlla Thin layer chromatography (TLC pattern) R1N9NENIWT84

Vongchareonsathit and De-Eknamkul (1998)

2 /41901m531U plaunotol

A191M931U plaunotol ﬁ’%’m‘lhﬂlugﬂLLUUEWLLNuﬁ@Qﬁuﬁ%@d’] Kelnac® (Sankyo Ltd.) @13:1109
974 plaunotol l#a1nn1saiingns plaunotol @@ﬂ@ﬁﬂ'&’]?%“w‘] Tuwatga ”wai\umﬂsgm Kelnac® 1u1m 230
mg lsznaudiag 80 mg plaunotol Wae 150 mg corn oil NMTUEANANTNIFATFIU plaunotol 4wmalia column
chromatography LuAsaNs Silica gel G 60 211 5x13 cm (0.040-0.06 mm, 230-400 mesh, ASTM,
Scharlau Chemie S.A., Barcelona, Spain) &mFunnsuan 1.5 g Kelnac® dsiavinazany CHCl,:n-
propanol; 24:1 WLl fraction ﬁfl plaunotol Ine/l Thin layer chromatography nsrasaenIedle-lelefu ua
nsugnazldansiddnsnsiiuaeanamilndivasisoundotngu 1§ %recovery 299613 plaunotol

Usza1nd 86% @13 plaunotol uenliinlifigadiandnwailaainailn GC/MS, 'H-NMR waz “C-NMR

3 nsaesznlsuna plaunotol lululanias
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80°C 11 1.5 Flua neessiudng Thilaansadan 2 mi thlisswendalneld Speed vacuum AaZANEI&NT
#a1 50% ethanol 2 ml Wa 10% NaOH 0.4 mi el fuuaslsinnuseudt 70°C 1w 30 Wit antu
PnansavaNtNaraga n-hexane 3 ml 419U 3 A%S LY n-hexane insswelaneldAudusi 1
dry residue a18¥aN86aE n-hexane 500 Wi, centrifuge Mdansazanalaifusinatingiingeifanas Gas
chromatography
3.2 M5ALATIEIMNUF NN plaunotol AA8AE Gas chromatography
Fups1einFunnl Plaunotol #28 GC meldannzsielilil

Instrument model Hewlett Packard HP6850 Series GC System

Detector FID



Column HP1 Methylsiloxane size 30 m, 0.32 mm x 0.25 Um Fused silica
capillary
Column temperature
Gradient initial temp. = 235°C hold 1 min.
Gradient 235-270 °C, 15 °C/min
Final temp. = 270 °C hold 2.5 min

Total time = 5.83 min.

Injector temperature 300 °C

Oven temperature 300 °C

Helium carrier gas flow rate 20.0 ml/min
Hydrogen supply flow rate 30.0 ml/min
Air flow flow rate 400 ml/min
Sample size 1l

ARszviiinn plaunotol TnaltFELELUNIIWNIRTFILL99419 Plaunotol MILETENAINATS
N1M3574 plaunotol (T8 2) Twainazant n-hexane ANIdNTUIZNING 0.1-1.0 po/pl aFrudunsavlunms

g’]uiﬁﬁﬁ linear regression (Rz) = 0.9941

4. n19LLang19 plaunotol

yamﬂﬁwﬁaﬂﬁmumiﬂauﬁ'sﬂﬂ@lﬂamﬁ@ unlabeled, [U-"Cl- uaz [1-°C- anauussil 50°C
windszanm 12 Talus snasssaeds reflux 1 methanol 78 1% NaOH w1 Falus Mewdsainih
TWansazaneiduag 9NNt partiion §I8GIYNazaY n-hexane 15w n-hexane Wszwsuisnsldany
Gudn UNTW n-hexane LBNEN3 plaunotol IﬁU%Qﬂ§IﬂUI%LWﬂﬁﬂ column chromatography Lu¢38E L
ﬁﬁa Silica gel G 60 column LLa:ﬁﬁLﬂﬁau‘ﬁLflu CHCl;:n-propanol A& 24:1 720 fraction ﬁL‘flu
plaunotol msfinenle fanwauziuiiudindedon i ldAgaiianansaliianeilasseine uazgy
WUUB9ENINaaaan @asmaiia NMR Spectroscopy tW3suifisunuasiuenldansaaatasi

flaudruansazans 1% (w/v) unlabeled glucose meldanizdalnu

5. msueand1g Phytosterols

°f?‘u,(ﬂa‘m‘l’lil,l,f;lﬂE‘I’li phytosterols ¥i1U Silica gel Column chromatography %uﬂumﬂmﬂmma
\la9nmIuenans plaunotol Tagsaw fractions Miilu Phytosterols manasanUSauifisuiuasanas
3% I upndaunAaaNiuad Silica gel uazleiadandiiln CHCI,: Ethyl acetate 8a318% 9:1 My
WHIINENIPNTZAANANABANULT TIu fraction fuilu phytosterols laguSoufisunussunasgu B-
sitosterol laginafia TLC Silica gel 60 Fa, antwinanszmsuismeldanududn dhunanwdn
phytosterols GI8EIAZAURFNIZHING CHCl,: Methanol 8a38I% 7:3 §19naNT @28 Methanol Snass
wits waﬁvlﬁt,ﬂumiﬁﬁwﬁngmfﬁuﬁmn niwhasiueninlaélySienedlassais wazgtuuUuedaNT
fdaasn daomafin NMR Spectroscopy (W3suifisunuasiuonldnnssadiesilondioss

82818 1% (w/v) unlabeled glucose muldannizi@ednu



6. Feeding Experiment
6.1 ANENTZELIIRNLUNIZANEN NS U Feeding experiment
wengemldnteenisenavudeludtes 3-4 lu uTudouduin Feeding experiment Ing

BuAutlan 0.05% (wiv) [U-BC]-glucose 11 0.95% (w/v) unlabeled glucose Taadauduman 0, 10 uaz

1 a o

15 41 duigouni 25:2 °C neliuasigearamus 16 doluasiedu fudetansEaNuazaingns

o e

plaunotol auLEgns (1 4) Wranshlasaendneaifion "C-NMR nmagandindnyauaeafuen e
tuindaya® "C-NMR parameter wilauiunnisznng
6.2 tlausnsinaanlaldiniliatias 1ilm unlabeled, [U-"°Cl- uag [1-"°C)- glucoses

Frsandtasnlsznaudasluidntas 3-4 o (Aonwenafadseanne 10 cm) wavquluans

azaneseliil

Solution | 1%(w/v) unlabeled glucose

Solution Il 0.95% (w/v) unlabeled glucose + 0.05% (w/v) [U-13C] glucose (99% 13C-enrichment)
Solution 1lI 0.50% (w/v) unlabeled glucose + 0.50% (w/v) [1-130] glucose (99% 13C-enrichment)

Unngounni 252 °C neliuaangaaisamus 16 4alussiadu Insautatanmndudunan 10

s
=

T HufeteNETINLAZATIAANS plaunotol AULENS (T8 4) WansuanliuAmseigliuunnsFia

aansag °C NMR spectroscopy

7. Mmsaaszgluuunisiinaain °C- (Determination of °C labeling pattern)
'H uaz'°C-NMR spectra a%la one-dimensional Waz1ia two-dimensional (HMBC, HMQC)
31A312UR 500 MHz uay 125 MHz masnsi Taeta>as Varian INOVA-500 spectrometer
Ansedztuuunisinaann ("°C labeling pattern)(Goese et al. 1999, Fellermeier et al. 2001)

1e9897Maaesilan [1-°Cl- glucose wlrauiiauiuansideslusssuanf (Natural abundance material,

=K o

1.1%) Miunnnglfaniaznimasauneaii Tunndyoyin °C-signals LAz integrate §Ymynns 189S

1
o o dVLil

az carbon atom lasnifFeunsuiudnyainmlidanaisiieyusssuans Anldauenniuen Relative

'
o o

"°C abundance wasusiazaumbstesliananiiasfineainay dusudaeteiilausae [U-"C] glucose

o

wanslugil °C”C couplings integrate wsazdnyounod satellite AMuanIAATYYIUTDS satellite signal Lfi

A

fill total signal integral 2B4UAATAITLAU
Relative'°C abundance = 1

lg = "C-intensities of expected isotopomer in 13C—speotrum

13 . iy . .13
| = "C-intensities of natural abundance material in "C-spectrum



NANITNANRY
(Results)

1. putdanuasgnldlun1snaanag

Fundlfrdendidlunmenes danauiauaniiuten Smdnendans waziandgnlu
ulamaass asuayulnsanzindarans iunaneduasaaupTung (Rainan 2545) ANHOLN1EWENTEY
Frudfienuansieguil 5A nwnizsesluidugilla (obovate) uazflauuuialy daunansmsadnuniy
veslufrtiennelindesaanssrmiudidnenssiufe wu stellate-dendritic hairs 41uamn (gl
5B) safluliaueaures Esser and Chayamarit (2001) ﬁié’a’mmuﬁﬂﬁmzmqwqﬂwmmm’ YRIFIU

windes uazlidasudaves Croton Sublyratus Kurz. \lu Croton stellatopilosus Ohba.

HANSATIANIGAN LTI LEUALAINIR9gI1  plaunotol (Kelnac®) faemAlln  Thin  layer
chromatography Tnaiszanansainanlunldntiesdian 95% ethanol §98dF reflux Nigoungi 60°C 1w
a1 1 99119 N9e9 wazsvmsuianiglFANNFuAT tdnsaiananun e llazanafiag ethanol UsuNauén

Hae 111 spot LuLE Silica gel 60 F,, (Merck) iW3euiiauiuen Kelnac® i1l run 14 mobile phase:

254

chloroform: n-propanol 8mandaw 24:1 m3aausis TLC Aldnnals UV, ,, iodine vapor uazailseifiaaans

2547

azantl anisaldehyde/H,SO, ANE0UL spot 484419 plaunotol HANIANTTR lHFauash UV, uslikauansa

2547
iodine vapor 16 spot @sna uarliuauansa a1sazans anisaldehyde/H,SO, 18 spot @ing A R —~value
289417 plaunotol NAWINTL 0.38 (Vongchareonsathit and De-Eknamkul, 1998) naannn1sidseuiia
poeds TLC agulddnduilddesanguaimuianiivteuniiunlgniausindsmans 4419 plaunotol

azaneg Tesunlddeatazgninunldd@nsaaananimeses (3U9 4)

o . b
TLC-pattern 1a9ansanag n-hexane an’lu ' R, value= 0.38
wiénties (B, ©) whauiisuiuansuimsgy
plaunotol (A) ATIaALE anisaldehyde/H,SO, ’ :
origin

LY Silica gel 60 F, A B

10



N 5 nmuanssiuldnties A, anmuzniauen; B, Anwuzanalindesqanssail

(B.1, stomata; B.2-B.3, stellate-dendritic trichome)

2. Plaunotol Tusutilanias

Ogiso warAne 1Hsea1uans plaunotol wenldaindiuafuuaz luainfuldnties (Ogiso et al.
1978) Tmﬂ”lﬁmm'mqw%r’l,un'}?ﬁmiiﬂmuwwvlf?ﬁqm luussanigana Croton sp. H91enuindliiien C.
stellapilosus Ohba. (138 Croton sublyratus Kurz.) Lﬁﬂmq@LﬁﬂQLﬁqﬁuﬁﬁﬂwim:mumqs planotol Tneifisne
udnfnsazanluluddtlesdszanns 0.5-0.6 %(wiw dry weight) (Vongchareonsathit, 1998) Imeifi
wéntienfilgniisanindszansdus azihfianas plaunotol gege eenslsfadslidsaamuiaaiuns
mmuslusluﬁmﬂuﬁmmi\iﬁLLmnﬁmﬁ’u

leAnmngluuunisazanans plaunotol lwlundtiesfienyfuilszanns 6 deu Sauau 3 fu
anuamasasiugauayulng ansndaaans empasaiuluasdisuantenadmipufdiuo
10 lu Tuinauauazglsaesly ANt AN aeiananssieing @Inmeaed 18 3) waztin
ansaranldundessinnBunnlneia  Gas chromatography  lunismaaslipaausiaia  HP1
Methylsiloxane size 30 m, 0.32 mm x 0.25 Um Fused silica capillary RIadnAag Flame lonization

Detector (FID) ldgununisazmunivunluidinimeass Sisnzsimnifaanns plaunotol lnenfsauiiiay

11



mwxlmmgmmmma Plaunotol ﬁm”?‘mmnmaﬁmmﬁ;m plaunotol (°?Jj'a 2) Tufn1azane n-hexane AN

induszndng 0.1-1.0 pg/pl afradunsmannsguliien linear regression (R%) = 0.9941 (317 6)

area under curve

200

180

160

140

120

100

80

60

40

20

i [ 4
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
ny plaunotol
gﬂﬁ 6 Calibration curve of standard plaunotol
Plaunotol, R= 5.1 min.
ij *
120
100
80
60| A
40
i Ji
0 T 2 3 a 5 & min
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pA ]
120 ]
100
80

60|

40*_ B
|
20 S
P e B PR T ] L o S e RS TS B S| R S S T |
0 1 2 3 4 5 6 min

gﬂﬁ 7 GC-Chromatogram A. standard plaunotol, B. sample anludnsiesfnumian 4
AALFRENNsnE Gas chromatography tnaidansiulddeasaiuou 3 fu (Menglszann 6

wa) wazluusiazfneteiinseiaiueu 3 AN Anenue GC-Chromatogram 7ilduanslugLn 7 uazuanis

AmrziLiunn plaunotol luludndesdanunsouananalalumnnged 2

A15199 3 wanaLFuou plaunotol Iwululuiddaesumiasig

gl 171104 plaunotol, % (w/w) dry weight

Fu 1 Fufi 2 Fufi 3
1 0.93 0.81 0.85
2 1.48 1.13 0.69
3 1.69 1.08 0.93
4 1.69 1.22 0.67
5 1.34 1.47 0.57
6 1.15 0.98 0.31
7 1.37 1.01 nd.
8 1.13 1.22 nd.
9 1.1 1.26 nd.
10 0.82 0.88 nd

nd. = not determined

anuanisaaasazinlddiuunliiunisazanans plaunotol azliuagiusiumisaadly naape

° \ A =~ o A o \ X \ = oY i

plaunotol Az@zauuIn o AuuUlLN 3-4 wasliunltduanasiiomudaasluuinay adnelsfinueslld
91ENNLALANLMUNNNT4519477 plaunotol NFRANTUNINAYTAEIRanTRdIK lATeas LA Tiaa NN ANE
feeding experiment fifiasA1alsTudauNiN196519a17 wazliauaunInlunnasAuln NadlAsf

@13 plaunotol MnliAa1sanlsdNAadenTudulalunnstlauasinaainlelaindiades Iaan1meassil

13



azidendousantelitieenilunddenelszanny 34 T Mddusudewsesnisin  feeding

experiment {augUuLLNNIRARANTEIAN TN ARG N sie T

nsuenans  plaunotol  Nazanluluwdntdes vinldlesnisuanansiiumaia - column
chromatography msaailiassiudaeinaila TLC tnawfFauiauiuansuinsgiy 1hansuinsgau plaunotol

nuenlfthldigadiendnenilaematin GCMS, 'H-NMR uaz “C-NMR

Zde

a7 "H-NMR spectroscopy (CDCI,) uansdayeyusialil (gﬂ‘ﬁ' 8)

- '17{ O =160 ppm (6H, singlet) LL@:‘?/‘]I 0 =1.68 (6H, singlet) LAAIANHTULAAY vinyl methyl groups
AU 4 Ny

- '17{ O =2.06 ppm (12H, multiplet) LaAYANELZUDY allyl methylene groups A1UIU 6 ‘m;j

- ‘17{ O = 4.09 ppm (2H, singlet) WAz 4.11 (2H, doublet) LAPNANMIUZARY hydroxymethyl groups
AU 2 Uy

- ‘17{ 0 =51-54 ppm (4H, multiplet) LAAYANHTLETBY olefinic protons AU 4 protons

- 710 =7.3 ppm (2H, singlet) LARIANHUTDS 2 hydroxy protons (319 9)

8 'H-NMR spectroscopy U84 plaunotol AN Kelnac® (NMR 500 MHz model, Varian)

£al)
[l
=
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AN9797 3 meﬁfauﬂ@ “C-NMR uaz 'H-NMR 289417 plaunotol (18-hydroxygeranylgeraniol) ﬁ

uanan Kelnac® waumauiudayaniisneaulu Ogiso et al. 1978.

A15197 3 °C-NMR uaz 'H-NMR data 989419 plaunotol (18-hydroxygeranylgeraniol) (HMBC,

Heteronuclear multiple quantum multible bond correlation spectroscopy)

Position Chemical shift, Observed NMR "H-NMR, CCL,
CDCl,, ppm connectivity Ogiso et al., 1978
ppm
“c- "H- HMBC
1 58.9 4.11,d 2,3 3.97
(Jyy = 7.1 H2)

2 124.2 5.38, m 4 5.30

3 138.9

4 39.2 2.06, m 2,3,56 2.3-19
6,7

5 25.8 220, m

6 127.5 5.27, m 8,9 5.14

7 138.8

8 34.6 215 m 6,7,9 2.01
10

9 26.8

10 123.9 511, m 9,12 5.05

1" 131.3

12 39.6 2.06, m 11,20 1.95
13,15, 20

13 26.6 1.95 m

14 124.0 511, m 12,13 5.05

15 135.3

16 25.6 1.68, s 14,15 1.66

17 16.4 1.68, s 2,3 1.67

18 59.8 4.09, s 6,8 3.94

19 17.6 1.60, s 10, 11,12 1.58

20 15.8 1.60, s 14,15 1.58

15



gll‘?i 9 Tas9a519294 plaunotol (18-Hydroxygeranylgeraniol)

a1

abundance |
69
B000

&000

7000

93

2000 A
121
1000
0_‘Jl 1ﬂ' h-_.alh_ll.l_.u_l.‘u. - " T
0 60

T f T ety Tt
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 m/z

8_
nl

abundance 69
9000 |
8000
7000 4
6000
5000

81

4000

3000 |

2000

B

1000

i 121
ui,,‘Jjﬁ'r MLJ ll,u‘LvUqu—«Mm‘m T —

i T T T T T T T T
20 40 B0 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440 460 Mz

gﬂﬁ 10 Mass spectral data of plaunotol isolated from A; Kelnac® and B; plaunoi leaf

NAALATIEERANE GC/MS g'ﬂﬁ 9A LAAYAN mass fragmentation 71 m/z 41 (base peak), 69, 81, 93,

, \
= %

121, 227 AMNANFL T9ARAAFDITIL mass spectrum 2189417 plaunotol ANsee1ulu Ogiso et al., 1978
weN@13 plaunotol andauzedluildnties (an1meaes 4e 4) dnmnuzresdsuenlduues

wamindinaes Wmiin 32 mg (Aadu 0.32% (wiw) yield) Wathlifigadiananealfionds Ge/ms T

mass fragmentation WReUTUA1INIMIFIU plaunotol (U7 9B) mansifeuiiaudeyaain 'H-NMR

16



' v >
al

spectroscopy WiNaLTuALaLA1INIRSgIY plaunotol (f8 2)(3U7 8) AauiBnIsuanans plaunotol #l4

@ aa A ¥ Py o a ]
wisnmegulunisuanans plaunotol lpangnsiazninistleuansiinaainsely

A. Sample isolated from plaunoi leaf

B. Standard plaunotol

gﬂ‘?‘i 11 "H-NMR spectroscopy 2e9@157nuanidainluidniles (A)

\WiLguiuaNINIm§I1 Plaunotol (B)

3. Phytosterols lunuidaias

' '
o

Phytosterols tiluansnmaninnulsvalllunaduge tnadudeulsznevluduniiagad uay cell

= v Y v o Z// dl 1 o e‘d‘
membrane Wt nsuaNas phytosterols ansudantay TaatidunctupadufNauanans plaunotol
44 fraction no. 7-13 (56.4 mg) WINIRAIAAMATIA TLC LULKU silica gel 60 Fos, run 1 mobile phase:
chloroform: ethyl acetate 8791491 9:1 WFaLIAiEUTIANINIATFIY B-sitosterol NENAIAINNITATIAUNY

TLC faaidnsazang anisaldehyde/H,SO, 415n4x phytosterols Tinauaniilu spot #a9 A1 R-value 0.42

17



Fatiiagiin fraction no 7-13 NNULaNFARAEAE column chromatography limeadansdaunm 2.5 x 23
cm., Stationary phase Aa silica gel 60 (0.04-0.06 mm, Scharlau Chemie, Spain) Mobile phase R
chloroform: ethyl acetate; 9:1, flow rate 2 ml/min B994 fraction Al@sae TLC Lﬂ?‘il‘].ll,ﬁf;luﬁ/ﬂ_lmi‘u’]mﬁ’]u

B-sitosterol 394 fraction 7idl B-sitosterol (fraction no. 12-16) sziwauienelFANAUAY INIsANNANEN

v
o v

ATIANEANTHANTTIGNS chloroform LAY methanol 8M3M&91 7:3 faiald mnuan a19uanaae methanol

= A

pand liRaneuzsunangliindann Wminaesans 3 mg (Aadlu 0.03% (wiw) yield) duanilanga

wnaneailng GC/MS, 'H-NMR

abundance 43 "
9000
8000
7000+

60004

5000 55

4000 \ igs HO

S0 ergosterol

2000 400

1000

0 ,,,J,IJI

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 M/z

gﬂﬁ 12 Mass spectral data of phytosterols isolated from plaunoi leaf

A1N GC chromatogram wudiwangUidin@unntsznausasansngy steroid 3 afia ldud PB-
sitosterol, stigmasterol uag ergosterol HaAWIN %abundance WUANIUEAINEIN 64%, 23% WAz 14%
AINANAL AN Mass spectral data A1 molecular mass LU 414, 412 uay 400 %mwﬁuzﬁmiumqmm

a3 l4un B-sitosterol, stigmasterol uaz ergosterol AMNAAU (3171 12)

18



stigmasterol

gﬂﬁ 13 'H-NMR data of phytosterols isolated from plaunoi leaf (NMR 500 MHz model, Varian)

fansan "H-NMR (g7 13)

716=0723 ppm HuA1umieaas methylene protons Fafsnuunnnlulnseaing

7 8 = 3.48-3.55 ppm dryarauiidnenuily multiplet Faluiumisaes proton fumied 3 1e4
JGERYERN ﬁﬁl\‘i coupling il proton d19Ae 6 proton

7 & = 5.00-5.03 ppm a8 = 5.12-5.17 ppm &ayryiianEouiu douplet of douplet @4
LAASANLIUL olefinic proton Fusiied 22-23 184 stigmasterol ANNANAL

7 & = 5.34-5.35 ppm Aryrynidnssdi broad doublet SeudnssuMes olefinic proton
Frumiiedt 6 18alnsea¥1eieaes an 'HANMR agu16id1819 steroid fuanlfifuansuanszuing [3-sitosterol

uaz stigmasterol A13199 4 U&AS 'H- uaz °C-NMR data 194 [-sitosterol way stigmasterol

19



A19199 4 °C-NMR uaz 'H-NMR data 289417 sitosterol La stigmasterol

Position Chemical shift, sitosterol Chemical shift, stigmasterol
CDCl,, ppm CDCl,, ppm
c- "H- ’c- "H-

1 37.22 1a 1.05, m 37.22 1a 1.05, m
10 1.82, m 10 1.82, m

2 31.63 194, m 31.63 194, m

3 71.80 3.52, m 71.80 3.52, m

4 42.19 223, m 42.26 223, m

5 140.72 - 140.72 -

6 121.71 5.36,d (5.4 Hz) 121.71 5.32,d (5.4 Hz)

7 31.87 1.50, m 31.87 1.50, m

8 31.87 1.82,m 31.87 1.82,m
0.90, m 0.90, m

9 50.10 50.10

10 36.48 - 36.48 -

11 21.07 1.46, m 21.07 1.46, m

12 39.74 12a1.11, m 39.66 12a1.12, m
12b 1.96, m 12b 1.96, m

13 42.26 - 42.26 -

14 56.73 0.96, m 56.85 0.96, m

15 24.29 152 1.00, m 24.34 15a 1.00, m
15b 1.54, m 15b 1.54, m

16 28.22 162 1.21, m 28.91 16a 1.21, m
16b 1.83, m 16b 1.82, m

17 56.02 1.08, m 55.93 1.08, m

18 11.84 0.66, s 12.03 0.66, s

19 19.39 0.98,s 19.39 0.98,s

20 36.12 1.33, s 40.48 1.33,s

21 18.76 0.90 d (6.6 Hz) 21.07 0.90 d (6.6 Hz)

22 33.91 222 0.98, m 138.31 5.17 dd (14.9, 8.5 Hz)
22b 1.31, m

23 26.02 112, m 129.25 5.04 dd (15.2, 8.8 Hz)

24 45.81 0.91, m 51.22 0.91, m

25 29.11 1.62, m 31.87 1.62, m

26 19.80 0.81,d (6.8 Hz) 21.02 0.81,d (6.8 Hz)

27 19.01 0.79,d (6.8 Hz) 18.96 0.79,d (6.8 Hz)

28 23.04 121, m 25.39 121, m

29 11.97 0.81,t (6.6 Hz) 12.23 0.81,t(6.6 Hz)
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4. Anszazsiliunnzaalunsyii Feeding experiment

A8n1IMAaed feeding experiment ladaLLaIaIN3ENNINARRIT89 Goese et al., 1999

ansazaneildlunnsneasdd 3 ais Ae

'd’l'iaza’lﬂﬁ 1 1% (w/v) unlabeled glucose in distilled water

miazmﬂﬁ 2 0.05% (w/v) [U—13C]—glucose (99% "C-enrichment, Cambridge Isotope) Was
0.95% (w/v) unlabeled glucose in distilled water

miaxmﬂﬁ. 3 0.5% (wiv) [1—130]—g|ucose (99% *C-enrichment, Cambridge Isotope) Was
0.5% (w/v) unlabeled glucose in distilled water

anazidlunimases puauguunif 25°C nalFuamgeaisaieus parudutlszanns 1000

LUX 1#u@9111 16 F2lua waziin 8 falug

FenTudiuiuseanléesiilssneudaelunldien 3-4 10 Adauaasiiuegnatlszanas 10 om
imﬂumm:maﬁ' 1 uazanIazaned 2 atneaz 10 Fratne Tnevnlugninznanes iWiaanuny 10 §u
way 15 Ju (Tmﬂﬁﬁmﬂ%@uﬁmﬂﬁmﬂﬁu) WuffetaNmTeNug1saianey (Mwheaiude 3.1)
WAZLANANT plaunotol (MMdwAzAiude 3.2) W1ans plaunotol TAtAszsidiag "°C-NMR spectroscopy
n3vagANdNATyuTeIAITIeY (Lﬁfaﬂ’uﬁﬂﬁmﬂ@ "C-NMR parameter iwiauiuynilszng) Asuanslu

917 14

15 days feeding

b -~ * *”“uﬁ

140 1210 100 80 ] 40 20 ppm

non-feeding

—tdold S | | %

L o R e e e L e B e e o e e e e FA B o
140 120 100 80 60 40 20 ppm

e N R NN e e SRR & o T T T T T T
140 120 1aa 80 60 40 20 ppm

gﬂﬁ 14 “C-NMR spectroscopy wRaueuANdNae ”mm;ﬂummmiru'amwdw non-feeding,

10 days feeding wax 15 days feeding (NMR 500 MHz model, Varian)
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A19199 5 AAziAudnaesdyny naesafuaulu "C-NMR spectrum 189411 plaunotol Nuan1é
aneanldntiestlaudag 0.05% (ww) [U-""Cl-glucose {unan 10 51 uay 15 51 wFeuiauiuintlen
Bl 1% (wiw) unlabeled glucose (Iagdpmanudnaadyauauar ey mm (Hauiindaya “C-NMR

parameter WiHauiunisznis)

position Chemical 13C—Signal intensities Ratio
shift (mm) Labeled : unlabeled glucose
0, ppm. Unlabeled 10-days 15-days 10-days 15-days
glucose [U-"Cl- [U-"Cl- feeding feeding
glucose glucose
1 58.9 17 29 26 2.4 2.2
2 124.2 13 28 19 2.1 1.5
3 138.9 7 10 12 14 1.7
4 39.2 13 22 22 1.7 1.7
5 25.8 11 25 21 2.3 1.9
6 127.5 10 24 23 24 2.3
7 138.8 7 13 13 1.9 1.9
8 34.6 12 24 20 2.0 1.7
9 26.8 12 24 20 2.0 1.7
10 123.9 14 27 24 1.9 1.7
11 131.3 7 12 12 2.0 1.3
12 39.6 14 28 21 2.0 1.5
13 26.6 12 27 24 2.2 2.0
14 124.0 10 25 20 25 2.0
15 135.3 6 12 8 1.7 1.7
16 25.6 16 24 24 1.5 1.5
17 16.4 10 16 17 1.6 1.7
18 59.8 12 24 21 2.0 1.7
19 17.6 9 19 17 2.1 1.9
20 15.8 8 17 17 2.1 2.1

o dl 1 U o [ 2 U dl %
HANNINAABIAILAAIUANTI9N 5 wudnmnudndyn vaesanfuanaesaanldiaanilaudos
0.05% (w/w) [U-"Cl-glucose 10 41 uaz 15 41 111 2.0£0.30 uay 1.840.23 win A ua1sL Weeudy

ganlanteeilausae 1% (ww) unlabeled glucose anuan1ITNAceILaAdlFiudAaan 10 51 audu
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oA 0o o o ) . = Py A a P =
FLUCUNNUNIZAN A1UTLNITNT Feeding experiment LW@Imﬂﬂl‘ﬂNﬂ@W@zqmi’mﬂgﬂLL’LI‘LIﬂ’]‘é‘ﬁ]ﬁrilﬂ’]ﬂsLu

Tuanae3 plaunotol sinlil

6. gﬂl,mum‘a‘ﬁﬂ'amndlu‘l:maqa Plaunotol (Labeling pattern of plaunotol)

Uniformly labeled glucose
% ¥ ] ‘ﬂl U o/ 1 ] |
ganildntey thunisllewluaisazanaf 1-3 nquaz 10 Fivatng Unluaninznaasauiunal 10
u  heeauddesiiiunistlenasineain  NIWENAINAITNNTUENANT  plaunotol  ANNIIUTINGNTNA
AAzisag °C-NMR spectroscopy Han1mAaed faesn9d13 plaunotol Auanldainnistlausiag [U-
Cl-glucose \unan 10 51 1 lAimsnziidag quantitative °C-NMR spectroscopy

a

nglAaRAaAINATiIuNITIIUNIT glycolysis Aluansgund ugnsiedlunssnunisadng
Tuiana plaunotol ansazanefitlenlunnamaansiluansazaieszudne unlabeled glucose wag [U-°C]
glucose §m914au 1:20 Taanatguniasiugnsuanszning unlabeled- uaz [U-"Cl- fodulliana
plaunotol iLlsznaLdaeansNaNszing unlabeled- waz [U-°Cl- iedinsssidyoyins °C Aynyrnsiuans

'
a a o

Wudnwe ““C-satellite signal” naaAaiianig coupling seudne °C-"C fagfiariu A1 Coupling

13

constant 3z1319 °C-°C {A921INe 40-50 Hz wman1aveaaswuIldyuiuaaailu °C satellite

a

signal A1uaw 8 ga Atyry1ns (U7 15 uazgli 16) uaziiAn coupling constant Aauandlupsei 6 uaz

o

\HaAWInM incorporation rate 983 [U-""C] glucose WLANHANIWING 7-14% (3117 14)

anuan1amaaedilan  [U-"Cl-glucose lumaauldden uasaliviudnluanazes  [U-"C]
glucose lgnin 1 lwadGadaunsnziiaas plaunotol wu satellite signals figumie 1,2, 3, 5,6, 7, 9, 10,
11,13, 14, 15, 17, 18, 19 uaz 20 TulA39a519294 plaunotol (g‘]ﬁi 15) &T\iﬁu‘lﬁm@qmm plaunotol Usznay
Aagel isoprene unit AWK 4 Mg Tnelusiasulinseiag NNsafuEta “head-to-tail” Fathuanananlddn lu
uslazuiagl isoprene AN1IHARATN QU AUULN 1, 2 3, uAY 5 uananiilu NMR spectra faWLIAnya e
50 Yp9A AU 1 fauanenng coupling AUANSLAUALUUS 17 WU space Ay doublet
signal (g'ﬂ'ﬁ' 16) T luAN T t AUt 5 9 uay 13 7 coupling NUASLAUAILILY 18,

19 UAY 20 ANAAL Ananslunmaene (317 16)
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gﬂﬁ 15 L&R4 Labeling pattern 189413 plaunotol iatlausag 0.05% (w/w)[U-""Cl-glucose (uNLLaAS

AuMLan °C-"°C NagRiafi, Foiaauandrn % 4nyrynns NMR signal 784 °C-coupled satellite e

total signal)
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il | J|
I [ L O T
o A N AW »J!"\.m .,J's..\,,-ll H._..,IJ\.\..»AJ l'\m...-JL«

R R R R R R R T TPTrT T T T T T T L ! S
ppm 27.0 26.8 26.6 26,20 25.8 25.6 17.5 185 1.0

P
, r ‘"‘Tﬁ\l .
Y o ; —T

e A A ”“"""“JL“JJ\*’”‘W . L s MJLM

124.5 124.0 ppm

128.0 ppm 127.5 y Sll.l?. """" Blnl..! """" !.‘91.3‘ 59.2 59.0
7 11
s [_/J 18 19 .
Lar )
r j Figure 16

"C-NMR signals of plaunotol from

the experiment with [U-BC]qucose

: . —_—
ppm 139 135 132 ppm
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1 9 13 .
5 10 14 5 18
19 6
17 A =
Ilill[]lllllll!l[llll |||||||| frrrryrrrrrrrryproo
ppm  §9.2 59.0 27.0 26.8 26.6 zsl.n 25}.3 zsl.s

3‘]_]“7]' 16 Expanded view of 13C NMR signals of C-1, C-5, C-9 and C-13 of plaunotol

MA15199 6

wamaAn °C-"C coupling constant 189813 plaunotol NHNKN17tlaUAE 0.05% (wiw)[U-"Cl-glucose

position “c-"c coupling constant Corresponding

(Hz) carbon

1 47.4 2

2 47.4 1

3 41.9 17

5 43.7 6

6 43.7 5
45.6 18
43.7 10

10 43.7 9

11 42.3 19

13 43.7 14

14 43.7 13

15 42.3 20

17 41.9 3

18 45.6 7

19 42.3 1"

20 42.3 20
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Single labeled glucose
[y 13 { ' [ o '
lummanasilaudis [1- Clglucose faglugdmiazauiy unlabeled glucose ludamaan
11 TuszpzosuazannizasebuneludBnimaeses @3 plaunotol  Awsnldvianfigaiianansal
Aa @ Aa @ . . 13
Aenzdlasiaie uazgdunums@eamnluluans @2n quantitative C-NMR spectroscopy 1asnis
a a 9 A Y YRR A Y °
Wisusunuans plaunotol Auanldannsaaildtasfsnunsioudis unlabeled glucose Waz#naN
a @ o o 1 . o 13 ' °
Anneimaldanzi@eani  Wanmeiien integral VaISWQNG  C- VDILARZAITLAUNEIWIT
. 13 a ' o ° oA o a o
Relative  C-abundance IUSHUASLLARZAUQIH T AIUARIZABNGURINIESINK  wazfisuny

13 a [ 13 v a
natural abundance of ' C (1.1%) HAMINARBIIATIERFUWIM  C IWHAAILEAIIUATT 7

Table 7 Comparison of 13C—signals of Plaunotol from feeding experiments

with unlabeled glucose [S] and [1-130]glucose [C]

Carbon Chemical shift, 13C-Signal intensity (from integration C-11 = 1.00)
atom CHCI,, ppm Unlabeled [1-13C]glucose Relative
glucose "*C-abundance
1SC_
1 58.9 2.50 3.2 1.40
2 124.2 2.50 2.46 1.07
3 138.9 1.11 1.15 1.14
4 39.2 2.45 2.65 1.18
5 25.8 2.60 3.43 1.45
6 127.5 2.27 2.31 1.12
7 138.8 1.24 1.33 1.17
8 34.6 2.48 2.46 0.99
9 26.8 2.19 2.73 1.35
10 123.9 2.68 2.61 1.07
11 131.3 1.00 1.00 1.10
12 39.6 2.81 2.85 1.10
13 26.6 2.71 3.33 1.35
14 124.0 2.39 2.45 1.12
15 135.3 1.26 1.27 1.10
16 25.6 417 3.08 0.81
17 16.4 1.65 1.97 1.31
18 59.8 1.51 3.27 2.38
19 17.6 1.72 2.1 1.35
20 15.8 1.93 2.50 1.42
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NNWAMINaaaIlIsuey Relative 13C-abundance ¢RI plaunotol “?'ivlﬁmﬂmiﬁau
[1-13C] glucose WAz unlabeled glucose ‘W‘Ll’iﬂmaqa plaunotol FURLN 1,5,9, 13, 17, 18, 19 uaz
20 lawsin Relative "C-abundance Laﬁﬂagszmw 1.49+0.36 Tagumeidnuntisfinaaen Relative "C-
abundance Laﬁﬂag’sz%’m 1.08+0.09 (@1’13’1\‘1“71' 7, gﬂ‘ﬁ 17) R uniamsaaaanluuday

isoprene unit ﬂi’mgmia@mmﬂ W ANLRUS 1 Uae 5 1%1111,@?]61“11@\1 isoprene unit U84 plaunotol

OH

1.42 . 2.38 132

N N
0.81 1.10 1.10 1.17 .
- 1.12 1.10 1.07 0.99 1.12 1.18 1.07

g1l 17 gliuunnsineainaes "*c- uulassa¥1sves plaunotol
7. gﬂl,mum‘a‘ﬁﬂ'amndluimaqa Phytosterols (Labeling pattern of phytosterols)

Uniformly labeled glucose

ﬂﬁﬁﬂmumiammﬂlﬂuLaqa phytosterols ‘V‘hLﬁuLﬁmﬁ'umsﬁﬂmgﬂLmumiammnlu
luianazad plaunotol uENEIUAZANKANAWIAET phytosterols ﬁu‘%qﬂ‘ﬁf iuanfladinzilaseang
#18 'H- waz ""C-NMR spectroscopy s13fiugnledean 'H- uaz "C-NMR data @39110 phytosterols fiugn
nnludes waziUSouAsunusenu 289 De-Eknamkul and Potduang (2003)

A5 H-NMR  8nmmzwsd  spectrum  waed I dussnanszning  sitosterol  uaz
stigmasterol laga15aw1 O 5.04 (0.22 H, dd 15.2, 8.8 Hz) uaz O 5.16 (0.22 H, dd 15.2, 8.8 Hz) Uaa3

flasme H-22 uas H-23 1ad stigmasterol uazRansan O 5.36 (1.01 H, d, 5.4 Hz) uAIIFUQIM
H-6 U84 sitosterol Wae stigmasterol WadwimaaaIuaad H-6:H-22:H-23 1T 1.0:0.41:0.41 URAIDY
fINENITNINY  sitosterol:stigmasterol  Haaman  1.4:11.0 adwlifi@  andudeya GCMS w89

phytosterols Nuenledanluiddkaawuing ergosterol atjsn

a 13 ' { [
WANITWT  C-NMR spectroscopy NaNIN@A8BINLUIN ®13 phytosterols Ausnlaiduasnau
321179 sitosterol/ergosterol uae Stigmasterol luaasamlizanm 75:25 I@mmmimwﬂvlﬁmﬂﬁzytym
13, 4 € A a ¢ Ha o a
2899  C- ‘ﬂﬂi’mglu spectrum mﬂuummi'ﬂLLtlﬂmvlﬁ”lﬂ?Lﬂi’lz‘lﬁgﬂLLuuma\‘imi‘ﬂ@mﬂmﬂ FIULNAUA
13 [ { [y v o { o (Y
C-NMR Spectroscopy 3suiisunuansiiuenldnnuaaddstesfilondioansazany 1%  (wiv)

unlabeled glucose N1 oldmnzfeInu

417 phytosterols Akanldainnistlausiog 0.05% (wiv) [U-"Clglucose t@aanasiag unlabeled

o , A o = ey 13 \ A o
glucose dmadau 1:20 Wainldiimazidiae °C-NMR spectroscopy wanismaaasldwudnyoiundu
“carbon satellite signals” ﬁ@ﬁﬁ‘m’ﬂmm@ unlabeled- uaz [U-"°C] glucose ﬁLiﬁ@jnizufmmi glycolysis
doaifluluianatlguni gnisaisluanazes phytosterols Tuiana [U-C] glucose uanatngniagassag

¥ o 2 ¥ a A Ay ! & . X " a
unlabeled glucose udv agniasavmeanslguniluisandae denalif “incorporation rate” 18441350
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A NHAIAN TR lenanaznunsseiussudnatanaiiu °c-"C azlidnanan deinliling

Aryrunau carbon satellite signals

Single labeled glucose
midaanuasdeaainiuluanazes  phytosterols  ¥ildlasmalianzilasiasivesans
A (Y a a 13 v o v o a @
phytosterols Nusnldanmstlenarsdaaainshia [1- Cl-glucose lWnusaadias Jianehlassaing
a [ 13 a a o A
LL&:EULLUUﬂﬁ@mamﬂlﬂuLaqa @38 C-NMR spectroscopy lasmsiSeuiisunuans phytosterols 1
wonldansaaidaiasnenwnilowdle  unlabeled glucose uaziaNIaMNzimeldan1zideiny
° ' . 13 4 ° = o a a '
lasdwinaglugtves Relative ' C-abundance t a1suauazaayduniadsInmlSoufinyszwing
[y 13 a 13 '
nstanaly [1- Cl]-glucose LLag unlabeled glucose NANNTILATZH Relative '~ C-abundance laiwuaina
' ' ' 13 ' { [y & a S
uaAN@N§IzAINAT | C-abundance 3xnind phytosterols funldannisilounglasnisessiia G981
Dunsanluananglasliduitfiduanzivas phytosterol m 1IA wazgagvasis Nhaniau
a A i A . A =a A o a ' = Y . add
fIaaaan wianandntenienae luszezidausnsieaan Lidnsuaaseaniiemsaneduitm

FILATIZAVDY phytosterols
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Emsmfmms‘wmam

(Discussion)

o o«

= ada a a I~ a a o 1
m?ﬂn‘mqammLmﬁ:mmmafﬂqmqﬂum Inenistleuanshinaanlelalnliafas o Aumda

v ]
Y

finee) Mdluluiana antiuRnnugluuunisiinaainiidnglasea¥eredans intermediate fienaiin NMR

'
o aa

spectroscopy {UAsNANsANEARetNunirany AanRseauagling Bacher et al. 1999 Tnedinsne
TnseaF19vesansnileugiansenisAng AansannunszuaunauaUedTuiugu tun glycoslysis,

citric acid cycle, amino acid metabolism tusiu Antuigatiananeniaesansdfigluunaeduaeaiy

o

e lfvireld nsAunLAnTNdunziresmaeeias isoprene WUL deoxyxylulose phosphate lu

eubacteria, green algae, higher plants (Eisenreich et al. 1998, 2001) wanwiiallanandadansmziiau

o o o

WUU mevalonate pathway vinliinadassanuanlatunisdneindadanssiuunlnmilunadugedy

AEHNNIN

o

=2 add . o) ¥ Y v :j/ dsl o & d; adad
NsANENINTIdNAI T IataTnasuansula e Tuafail NQWQU?X@QﬂLW@ﬁﬂHWQﬂ‘HQ

= o e

Fumsnzvirasananestunnu ludud Andes IR ndadanrsfidusuulalunnsaframioagasues isoprene

U deoxyxylulose phosphate pathway 138 mevalonate pathway

TunnImmaaeainnistleuansiinaan unlabeled glucose, [1-'°C] glucose waz [U-"C] glucose 1%
fusaaldden (ldandunldriiesany 6 haw) uanans plaunotol uaz phytosterols Taaldmaila

column chromatography LL@:%Lmﬁ:ﬁgﬂLL‘LI‘i_Imiﬁmamnuuiwaqmﬁmmﬁw "C-NMR spectroscopy

N o -

13 plaunotol Aiuanlfarnnisileuansfinaainaila [U-"C] glucose wudnnglaainilawdnginaadaunsnzi
saaildder Tnadansandtyoruiiilu satellite signals 4712 8 ¢ IneRseAUAILMILEY IPP AU
1, 2, 3 uar 5 uanliiiudnanssssiunglaaldinsindngduaduiuliganszuounis glycolysis 16l

Tuanadgunidmiunisaieansmesy annisinuessuandlugn 18 [U-"C] glucose Lilaeiu

a o

NFEUAUNIg glycolysis anslguniaziidnenznisinaaindsuanaiudunuduns uazileanstgugias

a

o o

NANINNWINTIAUAIZIAULL deoxyxylulose phosphate UWAY WUL mevalonate AnwnuzgLluuLazdAnNM LY

)}

o o

wilauiuAe An1shineainfinnumds 1, 2, 3 uaz 5 Wuidanaldandyyyinees Sateliite °C- signals &

=)

£ 1
o

Aisiianaifiosaniunimaaedddideans [U-°C] glucose /9t unlabeled glucose lusmandan 1:20
dsenauiugniaeafeanslusssuand (metabolic pool) Tunanimaandiaiiaudae [1-°C] glucose
@19 plaunotol Auenldinunaiamet quantitative ""C-NMR spectroscopy w5y plaunotol fuen
I#annistlausag unlabeled glucose WU D4 ANFLRUANUMT 1, 5, 9, 13, 17, 18, 19 LAY 20 UAAIAN
fms1dau integral signal 5311914 [1-"°C] glucose waz unlabeled glucose f4 ANFLBUANKMULALATIL JAN
\AE 1.49+0.36 Lﬁfﬂ@mmzﬁ”mﬁuﬁ’mmgﬂLu_mﬂ']iﬁmmnslumiwﬂ@ﬂ isoprene WLANGWILAR 1 Az
Fauwmidi 5 Tnnshmeangan °C- N@mmmmmmﬂﬁmﬁugﬂLmumiﬁmmn?{ﬁmmmuﬁﬁ%q
&UATELLL deoxyxylulose phosphate Tummﬁ{gﬂLLuumiﬁmmnﬁﬁmwNﬂuﬁﬁ%zﬁ”\il,ﬂm:ﬁl,l,uu

mevalonate gtluuuifluAumied 2, 4 uaz 5 2eamiaetios isoprene (U7 18, 119197 8)
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HO

O
HO
HO OH
HO
/ Labeled glucose \
DXP MVA
OH
H_ A . /L -C0,
—> 07 “coon Z
o 0 ® (6] SCoA

Glyceraldehyde-3P Pyruvate Acetyl CoA

“ J

DXS l TPP, -CO,
0

1-Deoxy-D-

T
@} e
jas

Z
(¢} v xylulose 5P
: HO (6}
OH O® Mevalonic acid
DXR | NADPH
l 2ATP
H
.-“O 2C-Methyl-D- OH
> 0® erythritol 4P Mevalonate
H pyrophosphate
HO OH )
@®0~ 07 o
IspD
IspE l ATP
IspF -CO,
l IspG
IspH

Observed
OH
x x x x on A
OH
N X N X ol B

51l71 18 Predicted pattern labeling %84 IPP ua¥ DMAPP fig¥19a7n [U-""Cl-glucose (Wufiu@ung), [1-

13 | = aa - a
Cl-glucose (WNANNLAN) H1uADTIFUATZYLLL DXP waz MVA; stluuunisiinaaininiana plaunotol

Watlausas [U-13C]-g|ucose (A) ke Watlausasg [1-13C]-glucose(B)
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A19197 8 AN9eULARINIINsEartTesans lalaimlluluianasas IPP lu plaunotol

Unit Relative "°C-abundance

C-1 C-2 C-3 C-4 C-5
IPP 1 1.40 1.07 1.14 1.18 1.32
IPP 2 1.45 1.12 117 0.99 2.38
IPP 3 1.35 1.07 1.10 1.10 1.31
IPP 4 1.31 1.12 1.10 0.81 1.42

nsAngluuunisAnaainluluenaues phytosterols tiatlausiag unlabeled glucose, [1-°C]
glucose Uaz [U-"°C] glucose HAN1INAAEIATIA lNLAY Y URT A ULANGNgTEMd AN TN RARATN

wansneiu Mstlenaedunademanaduaaaiuiulsngnisaiinuly plaunotol wazimsmadnilsznis

!
° v =

y o de . o A
wienaidunazlunaninumaaas wwlsd pyruvate dehydrogenase Mnutinfiilasu pyruvate 1w

o

acetyl CoA 81ali active tiena (3U7 19) wazdnampnanNgaIanszauinTdunmeiiiaieluiena
1 a A 1 = o dJ A 1 A dl o

phytosterols fiauszeizilauansfinaain wseanananantanilae svoznauazdosangaesnaninanilen
- " y 2 o oam s & d X
Anaain a1aluldszazaasnisaieluana phytosterols tiuies aenalafin nsAnmluidaiEiamiviaes
wéntlas Wetlewsiae [1-°C] glucose H31evnuanluiana phytosterols A aNnUinTAIATIZITIIADS
uuy Tnefmendauszuang deoxyxylulose phosphate pathway Way mevalonate pathway Winfiu 1:1 (De-
Eknamkul and Potduang, 2003)

£
o o

Anadunsziaes plaunotol annsAnmAssil agullddn Tuana plaunotol lusiuildniias s

AFNHUANTIRAEULL  deoxyxylulose phosphate  (§U7 19)  Tuiadugan1985194191WATY

[ % 1

a @

Fumanzsiuuuiaziintuly plastid FagenAdasiLLALALAY AN plaunotol Miivlugilaes oil globule T
plastid 289luLLa" e (De-Eknamkul and Potduang 2003) La nsasaanLLew ol geranylgeraniol 18-
hydroxylase ﬁﬁ’mﬁ’]ﬁu\iﬂﬁﬁ?‘ﬂ’m’]imgﬂu geranylgeraniolliifli plaunotol Vi@‘gjslu membrane fraction
gasgnsainanluldnties fausasliifiuinatiadunmsiae plaunotol Tusudanilay FAntuly plastid

waziARARTad AT 2L deoxyxylulose phosphate pathway
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DXP pathway Mevalonate pathway

glycolysis

Glucose ------- » G-3-P, pyruvate 2 5 acetyl CoA ----» HMG CoA
\
G-3-P, pyruvate
mevalonate
DXP
MEP i
: \J
\J
IPP < PP
Y \/
PLASTID  plaunotol CYTOPLASM phytosterols

DXP = deoxy-D-xylulose 5-phosphate MEP = methyl-D-erythritol 4-phosphate
G-3-P = glyceraldehyde 3-phosphate IPP = isopentenyl pyrophosphate
PD = pyruvate dehydrogenase

57 19 uansnInnsnszateesastgunluaadig
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Abstract

Plaunotol is an acyclic diterpene alcohol, which is accumulated in Plaunoi,
Croton stellatopilosus Ohba.(Euphorbiaceae). Feeding of [U-">C] glucose and [1-"°C]
glucose into cut shoots showed that the labels from glucose were incorporated into
skeleton of plaunotol. The incorporation of [U-">C]glucose and [1-"C]glucose into
plaunotol were analyzed by NMR spectroscopy. Data from NMR analysis indicated that
the four-isoprenoid moieties of the diterpene showed identical labeling patterns. The
labeling patterns were observed as predicted according to the deoxyxylulose phosphate
pathway. From this in vivo feeding experiments with [U-">C] glucose and [1-"°C]
glucose indicated that the novel mevalonate-independent or deoxyxylulose phosphate
pathway is the dominant metabolic route for plaunotol biosynthesis in Croton
stellatopilosus Ohba.

Keywords: Croton stellatopilosus, Euphorbiaceae, terpenoid biosynthesis, feeding
experiment, plaunotol
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More than decade ago, the diterpenoids in the higher plants have been proposed
that their isoprene biosynthetic origins proceed via two distinct biosynthetic pathways,
which are mevaloate pathway and deoxyxylulose phosphate pathway or
methylerythritol phosphate pathway. Two pathways locate in different compartment
where sterol biosynthesis appears in cytoplasm and monoterpenes, diterpenes and
tetraterpenes biosynthesis appears in the plastids'. It, however, is more complexed in
higher plants due to the inter-change of intermediates, isopentenyl diphosphate and
farnesyl diphosphate, between compartments that occurs as described by “Cross-Talk
Theory™. This discovery was the starting point for re-investigating of isoprenoid
biosynthesis in higher plants.

Various labeled precursors such as acetate and glucose were studied in
Scenedesmus obliquus, Lemna gibba, Hordeum vulgare, Daucus carota and cell
cultures of Taxus chinensis and Mentha x piperita’. These results showed that green
algae and plants possess two biosynthetic routes. Evidence for this hypothesis was the
incorporation of 1-deoxy-D-xylulose into isoprenoid side chain into Ginkgo biloba and
into ferruginol of Salvia milthiorrhiza®. Subsequent studies in different research groups
confirmed the incorporation of isotope-labeled 1-deoxy-D-xylulose into terpenoids in
green cell culture of Catharanthus roseus, in the plants Populus nigra, Chelidonium
majus, Salix viminalis, Lemna gibba, Liriodendron tulipifera *.
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Plaunotol, an antiulcer agent, is a diterpenoid compound that is accumulated in
Croton stellatopilosus Ohba. (Euphorbiaceae). It is formed from the hydroxylation at
position 18 of geranylgeraniol catalyzed by geranylgeraniol 18-hydroxylase’. Recently,
the biosynthesis of phytosterols in green callus culture of C. stellatopilosus has been
reported. The IPP building block of phytosterols (B-sitosterol and stigmasterol)
proceeds via mixed origin of both pathways®. However, the artificial culture could not
determine the real biosynthetic in the plants. In addition, the biosynthesis of the
pharmacologically compound, plaunotol has not been reported. Therefore, the [U-"C]
glucose and [1-"*C]glucose were fed into cut shoot of C. stellatopilosus to reveal the
origin of the isoprene unit of diterpenoid. In this paper, we describe the origin of the
carbon skeleton of plaunotol by feeding experiments with '*C-labeled glucoses and
analyzed by NMR spectroscopy.

The biosynthetic study on feeding experiment into cut shoot of Crofon
stellatopilosus with [U-"C] glucose and [1-"°C] glucose was investigated following
previously established method” '°. Plaunotol (1, Fig. 1A) was then isolated by silica gel
column chromatography®. The structures of unlabeled and labeled products were
analyzed by 'H and >C NMR spectroscopy’. 'H and *C NMR spectra of isolated
compound was identical as described previously'.

In the experiment with [U-">C] glucose, the labeled precursor was diluted 20-
fold with natural abundance glucose. "C-NMR spectra showed that the [U-">C] glucose
was metabolized into the plaunotol biosynthesis. The carbon blocks from the proffered
glucose could be detected via *C"*C coupling satellites accounting for approximately 7-
14% of the central signal intensity of some carbon atoms with the coupling constants
between 40-50 Hz of their adjacent carbons (Fig. 1B). In addition, *C-NMR signals at
C-1, C-5, C-9 and C-13 coupled through space to C-17, C-18, C-19 and C-20,
respectively were observed (Fig. 2). The data indicated that a molecule of plaunotol
comprised of 4 isoprene units, which were attached together with head-to-tail
connection. In the plaunotol sample from the experiment with the proffered [1-"°C]
glucose comparison to unlabeled glucose. '>*C NMR spectra of the labeled plaunotol and
of the unlabeled plaunotol were recorded under identical condition. Absolute "*C-
enrichment of each position of labeled species was calculated as described previously'?.
The results showed that 8 carbon atoms of plaunotol acquired *C-enrichment with an
average “C-abundance of 1.49+0.36% '*C, whereas the others position had "C-
enrichment with an average '*C-abundance of 1.08+0.09% "*C (Fig. 1C). Those 8
carbon atoms were 1, 5, 9, 13, 17, 18, 19, 20 which correspond to the carbon atoms 1
and 5 of IPP (Table 1).

On the basis of glycolysis metabolism, labeling patterns of intermediates can be
predicted for IPP and DMAPP formed via the deoxyxylulose phosphate (DXP) and the
mevalonate (MVA) pathways as shown in Fig. 3. The incorporation rate of isotopically
labeled glucoses can be assumed by the experiment of [U-""C]glucose. However, the
resulted isotopomers could not distinguish between two pathways. With [1-"*C]glucose
as a carbon source, enrichments at C-1 and C-5 of IPP are expected from the
deoxyxylulose phosphate pathway whereas the enrichments at C-2, C-4 and C-5 of IPP
from the mevalonate pathway (Fig. 3). From our data, the labeling patterns of plaunotol
is in agreement with the deoxyxylulose phosphate pathway prediction and is clearly
distinct from the labeling pattern predicted via mevalonate. From this study, concluded
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that the deoxyxylulose phosphate pathway is the dominant metabolic route for plaunotol
biosynthesis in C. stellatopilosus Ohba.

It has been reported that in C. stellatopilosus, plaunotol was biosynthesized from
the molecule of geranylgeraniol by hydroxylation at position 18 and storage in the leaf
chloroplast as oil globule®". The geranylgeraniol diphosphate was derived from three
molecules of IPP with one molecule of DMAPP to give a C20 compound, a precursor
of diterpenes. IPP and DMAPP, however, can be derived from 2 distinct biosynthetic
pathways, DXP and MVA, which are compartmentalized in plastid and cytoplasm,
respectively. The evidence of C. stellatopilosus geranylgeraniol diphosphate synthase
contains the putative chloroplast targeting sequence confirmed that enzymes involved in
plaunotol biosynthesis located in the plastids’®. To confirm the plaunotol biosynthesis
metabolized via the deoxyxylulose phosphate pathway, the feeding of intermediates
such as deoxyxylulose into plant can be suggested. Genes and enzymes involved this
pathway should be studied in detail in order to understanding of regulation of plaunotol
biosynthesis in this plant.

Acknowledgment: This work was supported by grants from the Thailand Research

Fund (TRF)(grant no.TRG4580040) and the National Center for genetic engineering
and biotechnology (BIOTEC).
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1, Plaunotol

Figure 1

(A) the structure of plaunotol; (B) *C-labeling patterns of plaunotol obtained from [U-
BClglucose feeding experiment, bold lines indicate '*C-labeled with adjacent C
atoms; (B) "’C-labeling patterns of plaunotol obtained from [1-"°C]glucose feeding
experiment, filled circles indicate '*C-enrichment (>1.30% "*C).
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Figure 2
Expanded view of °C NMR signals of C-1, C-5, C-9 and C-13 of plaunotol
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Figure 3

Proposed labeling pattern for IPP and DMAPP from the experiment with [U-""C]
glucose (bold line) and [1-"*C]glucose (filled circle); Predicted via the deoxyxylulose
phosphate pathway (DXP) and via the mevalonate pathway (MVA).
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Table 1 Absolute *C-enrichment of labeled plaunotol

Unit Absolute °C-enrichment
(%)
C-1 C-2 C-3 C-4 C-5
IPP 1 1.40 1.07 1.14 1.18 1.32
IPP 2 1.45 1.12 1.17 0.99 2.38
IPP 3 1.35 1.07 1.10 1.10 1.31
IPP 4 1.31 1.12 1.10 0.81 1.42
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segments were incubated at 2542 °C under controlled photoperoid of 16 hr/day for
10 days. Small sections of the stems were cut with a razor blade every 24 hr. The
optimal time of feeding was investigated with [U-"C]glucose within 10 days
comparison to 15 days. The isolated plaunotol was analyzed by quantitative *C-
NMR spectroscopy. “C-signal of 10-days feeding was higher than *C-signal of 15-
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developed with chloroform: n-propanol; 24:1. Fractions were analyzed using TLC
on silica gel 60 F,s4 (Merck) using chloroform: n-propanol; 24:1 as a mobile phase
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