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                          Summary

 Endogenous  gibberellins (GAs) wcTe  cxtracted  from inflorescence of  Ornithogalum thyrsoides

and  identified by using  combined  gas 
'
 chromatography  f mass  spectromctry  (GCIMS). Three  13-

hydroxylated GAs,  GA-y,  GAuo  and  GAs/{ , and  thirteen 13' non  hydroxylated GAs,  GAi  
,
 GA7  

,

GAt,, , GA]2 , GAis,  GAz  , GA2b,  GA,L , GAs:  , GAw･  , GA] w. , 1, 2-didehydro GAt] (which is a
noyel  GA,  and  has been assigned  as  GAiLv ), and  GA]2c -isolactone were  detectcd. Thc presence
of  these GAs  suggesls  that both thc earTy-  13 'hydroxylation GA  biosynthesis pathway and  the
early  l3 non-hydToxylated  GA  biosynthesis pathway were  eperating  in the infioresccncc of

Ornithogalum. The  prescnce of  GA7  , GAg  and  GAi2o suggests  that  GA]z/, could  be considercd  as  a

metabolic  intermediatc in the conversion  ef  GAy  into GAT  in O. thyrsoides.
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              Introduction

 Ornititogalum is a  bulbous geophyte and  flowers late
in the spring  or  summer,  depending on  the species.

Recently, O. dubium seedlings  were  introduced in

European countries  as  cut flowers and  in thc USA  as  pot
plants. A  new  hybrid of  O, thyrsoides  that produces
white  flowers is now  cultivated  in Japan, USA,  and

other  countries  eithcr as cut flow'ers or pc)t plants.

 Bulbs  become dormant during the dry scason  (Du
Pleissis and  Duncan, 1989) and  exhibit  periodicity in
devclopment as  described by Rccs (1985). Seed germi-
nalion,  dermancy breaking, and  flowering in many

plants arc affccted  by  exogcnous  gibberellins (GAs),
particularly, GA/t and  GA,.T.  . In O. thyrsoides hybrid
GA/i combined  with  cytekinin  promoted flowering

(Hisamatsu and  Roh, unpublished  data). The changes  in
GA:i (equivalent by bioassay) lcvels in response  to

cxternal  temperaturcs in various  parts of  O. arabicum

bulbs could  not  cxpLain  the physiologica] effect ef

tempcrature treatment (Halcvy et al., 1971). Therc  fore, it

is neccssary  Lo analyze  and  investigate the  pathways of
thc endogenous  GAs, This information ceuld  be applied
to control  growth and  flowering during bulb stagc  and

forcing. We  repeTt  hcrc the results of  GA  analysis  from
the inflorescence ef  O. thyrsoides lising cembincd  gas
chromatography  f mass  spcctrometry  (GCfMS),

Reccivcd/ Januar.s, 20, 1999, Aceeptcd/ N{arch 31,]999.
'To

 whom  corr'espondence  should  be addressed,

          Materials and  Methods

 Inflorescences of  O. tityrsoides hybrids (100 g frcsh
mass  in tetal) werc  harvested when  the first two  to thrce

fiorcts opened  from thc plants grown in a greenhou$e at
18 

CC

 116 
"C

 (day/night) at the Floral and  Nursery Plants
Rcseurch Unit, Bcltsville, MD.  Sampies wcrc  lyophi-

lizcd and  GAs  were  cxtracted  to get an  acetic  cthy]

acetate-soluble  (AE) [raction at the Flowering  Physi-

ology  Laboratery, Japan. The AE  fraction was  then

purified by using  ODS-HPLC  and  N(CH:s)2-HPLC
according  to the methods  descTibcd prcviously (Ko-
shieka  et al., 1996). The GA-like  activity on  each

chromatographic  step  was  analyzed  by  a rice microdrop

bioassay (Nishijima ct  al., 1992). GAs  in fractions afLer

Lhe final N(CH/D2  HPLC  showing  biorogical activity

were  derivatizcd to GA  methylesters  (GA- Mes) or GA
methy]estcrtrimcthylsily]esters  (GA-MeTMSis) with

ethereal  diazomcthane and  N-methyl  N-(trimeth-

ylsilyl)trifluoroacetamide, and  finally subjected  to

GC/MS  (HP 5989B  MS-  system  equipped  with  HP  5890
GC-system) with  a capillary  column  DB-1  (O,25 mm

i.d. × 30m,  O.25 ttm film thickness) attachcd  to a

retention  gap column  (e.25 mm  i.d. x  5m)  according

the methods  described by  Hisamatsu et al. (1998).

          Results and  Discussion

 Seven apparently  biologically activc  pcaks (by the
rice microdrop  bioassay) showing  GA  activity  from a

Develosil ODS-HPLC  column  were  subsequently

purified on  Nucleosil N(CH[i)2-HPLC  beforc GC!MS
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Fig. 1. PossibLe

   thyrsoides.biosynthetic

 pathway foT endogenous  gibberellins jdentified in the iniloresecnce

GAs  in the  parenthesis aTe  possibly prcsent, but were  not  detected in the infloresccnce,ef

 Ornitlzogalttm

analysis,  Using a full scan  mode  on  mass  spectrometry

and  based on  the combined  information, including

HPLC  retention  times, Koyats' retcnlion  index values

(KR[; Kovats, 1958) and  mass  spectra  comparcd  with

those of  authentic  protio GAs  or  17,17-didcuterated

GAs, fifteen GAs: GA,t, GA7,  GAg,  GAi2, GA],-,,

GAIg, GA2u , GA2.  GA2s , GAs1 , GAs3 , GA61 , GA]12,

GAiis and  1,2-didehydro  GAg  were  identified. Of
these, 1,2 -didehydro GAy  is a novel  GA  that was  fiTst
identificd in peach immature seeds  and  has been  as-

signed  as  GAizo (Nakayama et al., presented at  the 16th

IPGSA  meeting,  Chiba, 1998, unpublished  data). The

isolactone form of  GAe2o was  identified as  well.  As

GAizo does not easily  isomcrize during extraction  and

purification proccduTes, GAi2o-isolactone was

determined as a natural  componcnt  in O. thyrsoides.  The

occurrence  of  GAi2,  GAis, GAgt, GA"  and  GA,i
indicates the operation  of  the early-13-non  hydroxy-
lation pathway (Fig. 1). Both GAT  (12 didehydro-3

B-hydroxy GA,.) and  GA,2, (1, 2-didehydro GAg),
identified as endogenous  GAs  in O. thyrsoides, also  lack

a 13-hydroxyl  in their structures. Because GA3  (1,2-
didehydro 3S-hydroxy  GA2o) is considered  to be

biosynthesized from 6As  (2, 3-didehydro GA2o) in
higher plants and  MacMillan et al. (1997) had found that
in Marah  macrocarpus,  GA7  was  formcd  from applied

2, 3-didehydro 6Ag  
,
 it has bcen hypc)thesised that this

GA  is the biosynthetic precursor of  GA7  in higher

plants. HoweveT, 2,3-didchydro GAg,  has not  yet been

shown  to be endegenous  in any  higher plants, however.

Having identified GA,2o (1,2-didehydro GAp.)  in O.

thyrsoides, we  now  suggest  that GAi2o may  wcll  be the

natural  precursor of  GA7  (Fig.1), GA7 is an  active

endogenous  GA  in several  higher plants and  in many

bioassay systems  and  has thc characteristlc  structure  of

C-  GA  carrying  a 3B-hydroxyl. It can  theTefere bc
assumed  to be intTinsica]ly biologically active, joining
GAi  

,
 GA3  and  GA.i which  have a  3 B 

-hydroxyi
 in their

structures,

 Introduction of  u  3B  
-hydroxyl

 into Cm  GAs  seems

to be the final stage  in the bios}snthesis ef  active  GAs
such  as GAi  (3 B 

-hydroxy
 GA2a), GA:s(1,2 didehydro

-3B-hydroxy
 GA2o), GA,  (3 t3 -hydrexy  GAg)  and

GA7  (1,2-didehydro-3B-hydroxy GAg)  in higher

plants in all biosynthesis pathways. It has been indicatcd
that GAs  (2,3 didehydro GAL,,)) is metabolized  to GA:i

(1,2-didchydro-3S hydToxy GA,,)  in the eurly  13
hydroxylation pathway  uccompanied  with  a rearrange-

ment  of  2,3-double bond to the 1,2- location on  Prunus
armeniaca  (Bettini et al,, 1987), R  persica (Koshioka et

al., 1988), Zea mays  (Fujioka et al., 1990), Marah

macrocat:pus  (Albone et al., 1990; MacMillan et  al.,

1997), Phaseolus vulgaris  (Kobayashi et  al,, 1991)  and

Oryza sativa  (Kobayashi ct  al., 1991). Thus  so  far, the
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occurrcncc 　of 　C20　GAs　carrying 　a　1，2−d〔｝uhlc 　bond　has
not 　been　suggcstcd 　as 　natural 　compounds ．　lt　is　therefore
concluded 　that　GA7 　 might 　be　biosynthesjzed　frc）m 　GAg
through　GA120

，
an 　 jntermcdiate　metabolite 　in　O，　 thyr−

soides ．

　We 　 also　 identlfied　 GAs 　 carrying 　 a　 l3 −hydroxy1

（GAIg ，
GA21

）
and 　GA53 ），

　which 　suggests 　the　presencc
of　thc　early − 13−hydroxylation　pathway　that　leads　to　the
synthcsis 　of　GA1 ．However，　the　prescnce　of　GAI　 was

not 　confirmed 　in　O 厂nithogalum 　inflorescence．　The　idcn−

【ificatjon　or　GAI12　and 　GA
］］5　also　indicated　the 〔，ccur −

rence 　of　an　cnzyme 「or　12−hydroxylation　of　C2
｛］
GAs 　ln

the　infloTesccnce　of 　O ，　thyrsoides ．
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摘

　オ ー
ニ ソ ガ ラ ム シ ル ソ イデ ス （Ornithogaium　thyrsoides ）

の 花穂 か ら 内生 ジ ベ レ リン （GA ）を抽 出 し，　 GCfMS を用 い

て 同 定 した ．そ の 結果，13 位水酸化 ジ ベ レ リ ン と し て ，

GAIg ，GA2c ．　 GAs3 の 3 種 を，13位非水酸 化 ジ ベ レ リ ン と

し て ，GA1 ，　 GA
了，　 GAg ，　 GAt2 ，　 GAls ，　 GA21 ，　 CJA2．｛，

CtAt，1，　 GAE
］，　 GA1

［：a，　 G，A
］Tt．，1，2　 didehydro　GAg お よ ひ

要

そ の isolactone体 の 13種 を検 出 した．こ の 中 で，1，2dide −

hydτo　GAg は 最近 GA
］z。 と 命名 さ れ た 新規 ジ ベ レ リ ン と同

．一
の もの で あ っ た．こ れ らの ジベ レ リ ン の 存在 は，オー一

ニ ソ

ガ ラム 花穂中に お い て 初期 13位水酸化経路 と 13位非水酸化

経路 の 両方が機能 して い る こ と．GAi2 。 が GAg か ら GA
了

へ

の 生 合成の 中間体 と して 存在す る こ とを 示唆 して い る．

N 工工
一Eleotronio 　Library 　


