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Summary

Endogenous gibberellins (GAs) were extracted from inflorescence of Ornithogalum thyrsoides
and identified by using combined gas - chromatography / mass spectrometry (GC/MS). Three 13-
hydroxylated GAs, GA,g, GAy and GA;;, and thirteen 13- non- hydroxylated GAs, GA,, GA;,
GAg, GAyz, GAy5, GAyy, GAzs, GAs, GAg, GA 1z, GAj 15, 1, 2-didehydro GAg (which is a

novel GA, and has been assigned as GA |y ), and GA 4

~isolactone were detected. The presence

of these GAs suggests that both the early - 13- hydroxylation GA biosynthesis pathway and the
early - 13- non-hydroxylated GA biosynthesis pathway were operating in the inflorescence of
Ornithogalum. The presence of GA7, GAy and GA 4, suggests that GA |, could be considered as a
metabolic intermediate in the conversion of GAy into GA; in O. thyrsoides.
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Introduction

Ornithogalum 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 the USA as pot
plants. A new hybrid of O. thyrsoides that produces
white flowers is now cultivated in Japan, USA, and
other countries either as cut flowers or pot plants.

Bulbs become dormant during the dry season (Du
Pleissis and Duncan, 1989) and exhibit periodicity in
development as described by Rees (1985). Seed germi-
nation, dormancy breaking, and flowering in many
plants are affected by exogenous gibberellins (GAs),
particularly, GA; and GA,, . In O. thyrsoides hybrid
GAj combined with cytokinin promoted flowering
(Hisamatsu and Roh, unpublished data). The changes in
GAj; (equivalent by bioassay) levels in response to
external temperatures in various parts of O. arabicum
bulbs could not explain the physiological effect of
temperature treatment (Halevy et al., 1971). Therefore, it
is necessary to analyze and investigate the pathways of
the endogenous GAs. This information could be applied
to control growth and flowering during bulb stage and
forcing. We report here the results of GA analysis from
the inflorescence of O. thyrsoides using combined gas
chromatography / mass spectrometry (GC/MS).
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gibberellin, Ornithogalum thyrsoides.

Materials and Methods

Inflorescences of O. thyrsoides hybrids (100 g fresh
mass in total) were harvested when the first two to three
florets opened from the plants grown in a greenhouse at
18 °C /16 °C (day/night) at the Floral and Nursery Plants
Research Unit, Beltsville, MD. Samples were lyophi-
lized and GAs were extracted to get an acetic ethyl
acetate- soluble (AE) fraction at the Flowering Physi-
ology Laboratory, Japan. The AE fraction was then
purified by using ODS-HPLC and N(CH,),-HPLC
according to the methods described previously (Ko-
shioka et al.,, 1996). The GA-like activity on each
chromatographic step was analyzed by a rice microdrop
bioassay (Nishijima et al., 1992). GAs in fractions after
the final N(CHj;),- HPLC showing biological activity
were derivatized to GA methylesters (GA-Mes) or GA
methylestertrimethylsilylesters (GA-MeTMSis) with
ethereal diazomethane 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 (0.25 mm
id. x 30m, 025 um film thickness) attached to a
retention gap column (0.25 mm i.d. » 5m) according
the methods described by Hisamatsu et al. (1998).

Results and Discussion

Seven apparently biologically active peaks (by the
rice microdrop bioassay) showing GA activity from a
Develosit ODS-HPLC column were subsequently
purified on Nucleosil N(CHjy),-HPLC before GC/MS
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Fig. 1. Possible biosynthetic pathway for endogenous gibberellins identified in the inflorescence of Ornithogalum

thyrsoides. GAs in the parenthesis are possibly present, but were not detected in the inflorescence.

analysis. Using a full scan mode on mass spectrometry
and based on the combined information, including
HPLC retention times, Kovats’ retention index values
(KRI; Kovats, 1958) and mass spectra compared with
those of authentic protio GAs or 17,17-dideuterated
GAs, fifteen GAs: GA;, GA;, GAy, GA;,, GAj;,
GA19 ’ GAZO > GAZ/I > GA25 > GASI > GASB > GA6[ ’ GA112 >
GA,; and 1,2-didehydro GA, were identified. Of
these, 1,2-didehydro GAg is a novel GA that was first
identified in peach immature seeds and has been as-
signed as GA|,, (Nakayama et al., presented at the 16th
IPGSA meeting, Chiba, 1998, unpublished data). The
isolactone form of GA,,, was identified as well. As
GA,,, does not easily isomerize during extraction and
purification  procedures, = GAy, -isolactone  was
determined as a natural component in O. thyrsoides. The
occurrence of GA,y,, GA;5, GAy, GAy and GA,
indicates the operation of the early-13-non-hydroxy-
lation pathway (Fig. 1). Both GA; (1,2-didehydro-3
B -hydroxy GAy) and GA,y, (1, 2-didehydro GAy),
identified as endogenous GAs in O. thyrsoides, also lack
a 13-hydroxyl in their structures. Because GAy (1,2~
didehydro- 3 8 -hydroxy GA,,) is considered to be
biosynthesized from GAj (2, 3-didehydro GAy,) in
higher plants and MacMillan et al. (1997) had found that
in Marah macrocarpus, GA, was formed from applied
2, 3-didehydro GAy, it has been hypothesised that this

GA is the biosynthetic precursor of GA; in higher
plants. However, 2,3-didehydro GAy, has not yet been
shown to be endogenous in any higher plants, however.
Having identified GA,,, (1,2-didehydro GAg) in O.
thyrsoides, we now suggest that GA,, may well be the
natural precursor of GA,; (Fig. 1). GA; is an active
endogenous GA in several higher plants and in many
bioassay systems and has the characteristic structure of
C,y GA carrying a 3 8 -hydroxyl. It can therefore be
assumed to be intrinsically biologically active, joining
GA,, GA4 and GA, which have a 3 § - hydroxyl in their
structures.

Introduction of a 3 8 -hydroxyl into C;g GAs seems
to be the final stage in the biosynthesis of active GAs
such as GA, (3 8 ~hydroxy GAy,), GA4(1,2- didehydro
-3 3 -hydroxy GAy), GA, (38 hydroxy GAgy) and
GA; (1,2-didehydro-3 3 -hydroxy GAg) in higher
plants in all biosynthesis pathways. It has been indicated
that GA; (2,3 didehydro GA,,) is metabolized to GAy
(1,2-didehydro-3 3 -hydroxy GA,) in the early-13-
hydroxylation pathway accompanied with a rearrange-
ment of 2,3-double bond to the 1,2-location on Prunus
armeniaca (Bottini et al., 1987), P. persica (Koshioka et
al., 1988), Zea mays (Fujioka et al., 1990), Marah
macrocarpus (Albone et al., 1990; MacMillan et al,,
1997), Phaseolus vulgaris (Kobayashi et al., 1991) and
Oryza sativa (Kobayashi et al., 1991). Thus so far, the
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occurrence of C,; GAs carrying a 1,2-double bond has
not been suggested as natural compounds. It is therefore
concluded that GA; might be biosynthesized from GAq
through GA |y, an intermediate metabolite in O. thyr-
soides.

We also identified GAs carrying a 13-hydroxyl
(GAy, GA,, and GAg4y), which suggests the presence
of the early - 13- hydroxylation pathway that leads to the
synthesis of GA,. However, the presence of GA, was
not confirmed in Ornithogalum inflorescence. The iden-
tification of GA,;, and GA,,; also indicated the occur-
rence of an enzyme for 12-hydroxylation of C,;, GAs in
the inflorescence of O. thyrsoides.
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A== HF L) A F X (Ornithogalum thyrsoides)
DIEHM S NE XL Y v (GA) £HiH L, GC/MS % Hu
THEELL. zo#E, 1B3fKkEBLoXLVY v ELT,
GAg, GAy, GA., @ 3%4, 13M3EKEREO XL Y o &
LT, GA,, GA;, GAg, GA,,, GA;;, GA,, GA,;,
GAs, GAq, GA,;, GA,5, 1,2 didehydro GAq ¥ Lt
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Z @ isolactone A 13fE4A &L L1z, ZodT, 1,2 dide-
hydro GAg 33t GA;p E@MB I NTHFHH IRV Y v EFH
“DLDTHo7. THHEDIYRLY VOBEER, A—=v
77 LAEREHIC 3 U0 T 13 MK ER LB & 13 R0k ER1L
BEOTMAIREREL T B2 &, GAp b8 GAg H 5 GA, ~
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