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Abstract Brassinosteroids play an important role in
growth and development of plants. They have been
reported universally in all the plants. The present
study deals with the presence of these compounds in
immature tea seeds. Five brassinosteroids, i.e.
6-deoxo-28-norcathasterone, 6-deoxo-28-norteaster-
one, 3-dehydro-6-deoxo-28-norteasterone, 6-deoxo-
28-nortyphasterol and 6-deoxo-28-norcastasterone
have been isolated and identified by GC-MS. The
identified brassinosteroids and their derivatives are
active constituents of late C-6 oxidation pathway,
thereby suggesting the biosynthesis of brassinoster-
oids in tea seeds by late C-6 oxidation pathway.
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Introduction

Brassinosteroids (BRs) are recently explored group of
phytohormones in plants. They are obligatory plant
constituents with the highest concentrations being
found in the reproductive organs and in growing
tissues (Zullo and Adam 2002; Clouse 2003; Gupta
et al. 2004). They show promising results on growth
promotion, increase in the success of germination
(Clouse 1997), shortening the period of vegetative
growth, increase in the size and quality of fruits,
increased resistance to unfavourable environmental
factors, stress and disease (Altmann 1999), increased
crop yields, improvements in fruit quality, enhance-
ment of photosynthetic capacity and translocation of
products, hormonal balance and stimulation in elon-
gation (Cerana et al. 1983; Abe et al. 1984).
Brassinosteroids-induced changes in growth and
development are the result of cascade of biochemical
reactions, which can be initiated via direct action on
the genome or by an extra-genetic route (Clouse

@ Springer



Plant Growth Regul (2007) 53:1-5

2003; Mussig and Altmann 2003; Li and Chory
1999).

The potential applications of brassinosteroids in
agriculture are based on their ability to increase crop
yields (Kharipach et al. 2000). They have been
reported to protect the crops against stressful condi-
tions, such as high salinity, drought or insufficient
nutrients (Krishna 2003; Prusakova et al. 1996). Seed
plants are important in crop improvement pro-
grammes due to their high degree of heterogeneity
and better adjustability to adverse conditions. In case
of tea, the popular method of propagation is through
vegetative means, but overall genetic improvement
requires propagation through seeds. In spite of the
availability of good number of superior clones during
last 25 years, the tea industry in India is still relying
on use of seeds for replanting. The objectives of tea-
breeding programmes involve selection of outstand-
ing superior plants for multiplication and propagation
through breeding techniques. Tea seeds being recal-
citrant are highly sensitive to desiccation and low
temperature. It makes their storage and transplanta-
tion practically very difficult. Plant growth regulators
play a very important role in seed development.
Although endogenous plant growth regulators like
auxins, gibberellins and cytokinins have been impli-
cated to play a role in the seed development, the role
of brassinosteroids in this process is not yet known.
Keeping this in mind, the present work was planned
to explore the role of brassinosteroids during tea seed
development.

Materials and methods

The seeds of Camellia sinensis (O) Kuntze var.
chinery commonly known as green tea were taken as
study material. The seeds (diam.4.2 + 0.2 mm) were
collected from the farms of IHBT Palampur in the
month of March—April when seed setting just started.

Fresh seeds of tea (250 g) were homogenized in
methanol in the ratio 3:1. After keeping the homog-
enate overnight at 4°C it was fine filtered and residue
obtained after filtration was re-extracted with meth-
anol. The combined extract was centrifuged for
30 min at 10,000 rpm at 5°C. The supernatant was
concentrated in vacuum at 35°C and partitioned
between water and chloroform. The chloroform phase
was dried over sodium sulphate, filtered off and
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concentrated in vacuum at 5°C under reduced
pressure. The residue was again partitioned with
n-hexane and 80% methanol. The combined methan-
olic fraction was concentrated in vacuum and puri-
fied. Following the method of Takatsuto et al. (1983)
radish hypocotyl bioassay was performed after each
column chromatographic separation (silica and
sephadex LH-20 columns). Three-day-old seedlings
were transferred into test solutions and kept in dark
for 24 h at 25-27°C. The increase in length of
hypocotyls was measured after 24 h and compared as
percent increase over control.

The concentrated methanolic fraction was chro-
matographed on a silica gel column. Various frac-
tions were collected by elution with methanol in
chloroform (0, 5, 7, 10, 25, 50, 100%) and assayed for
their biological activity. The biologically active
fraction was again chromatographed on another silica
gel column using 10, 25, 50 and 100% methanol in
chloroform. Biological activity of the fractions was
again performed. The biologically active fraction was
further chromatographed on a sephadex LH-20
column using methanol:chloroform (4:1) as eluent
and 20 fractions of 10 ml each were collected. The
activity of all the fractions was determined. The
biologically active fractions were pooled, concen-
trated and subjected to HPLC for purification. The
samples were fractioned by reverse phase (RP) HPLC
(Kartion system, 450) using RP18 column
(250 x 8 mm i.d.) with a flow rate of 2 ml min~ .
The mobile phase used was pure acetonitrile for the
first 5 min and 80% acetonitrile for the next 25 min.
The solvent was degassed before use. Seventy
fractions of 2 ml each were collected.

Boronation of active fractions was carried out
using methaneboronic acid and dry pyridine (100 pg
and 60 pl respectively), 20 pl of this mixture was
added to active fractions. These were heated to 80°C
for 25-30 min. Further, trimethyl] silylation of meth-
ane borons was conducted by reacting with N-methyl-
N-trimethylsilyl-triflouroacetamide (MSTFA). TMSi
derivatives were prepared by using MSFTA-pyridine
(1:4) at 70 C for 30 min. 3 pl of this solution was
injected into a GC-MS. The standard 24-epibrassin-
olide was also derivatized and subjected to GC-MS.

GC-MS was carried out on JMSAX 505 W
instrument (Jeol, Toyko, Japan) fitted with DB-5
column (0.25 mm i.d X 0.25 pm film thickness) The
carrier gas was He at a flow rate of 1 ml min~", the
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injection port temperature was 280°C and sample was
introduced by splitless injection. The column oven
temperature was programmed at 170°C for 1.5 min,
before being elevated at 280°C at 37°C min ' and
then 300°C at 1.5°C min™ .

Results and discussion

The seeds after extraction with methanol, hexane and
chloroform were subjected to purification. The bras-
sinosteroids were purified over columns. The meth-
anolic extract obtained after extraction when passed
through silica gel-I column, revealed biological activ-
ity in 10% methanol fraction. In further purification
over silica gel-2 column, the fraction eluted with 10%
methanol in chloroform exhibited maximum biologi-
cal activity. The fractions were then purified by
sephadex LH-20 column and ODS-HPLC. Various
biologically active fractions (14, 21-22, 30-32, 35-38,
40, 52, 69-70) (Fig. 1) were then derivatized and
analysed by GC-MS. The mass spectra of the seed
sample obtained by GC-MS were compared with the
mass spectra of known standards of castasterone,
6-deoxocathasterone, 6-deoxoteasterone, 6-deoxo-3-
dehydroteasterone, 6-deoxotyphasterol and 6-deoxo-
castasterone. In the present study Table 1 shows the
identified compounds along with their retention times
and m/z values. The compounds identified are castas-
terone, derivatives of 6-deoxo-28-norcathasterone,
6-deoxo-28-norteasterone, 3-dehydro-6-deoxo-28-nor-
teasterone, 6-deoxo-28-nortyphasterol and 6-deoxo-
28-norcastasterone. The reported brassinosteroids
belong to C,; group of brassinosteroids and all are

intermediates of late C-6 oxidation pathway occurring
in plants for the synthesis of brassinolide (Kim et al.
2005).

The biosynthetic pathway of brassinolide suggests
that campesterol undergoes reduction at 5, 6 double
bond to form campestanol. Campestanol by two
alternate pathways, an early or a late C-6 oxidation
pathways gives rise to castasterone (CS). Castaster-
one is converted to brassinolide via Baeyer-Villiger
type oxidation. Castasterone has to be bioactive
brassinosteroid that controls the overall growth of
Arabidopsis and tomato plants (Kim et al. 2005;
Nomura et al. 2005). This pathway has also been well
described in Catharanthus roseus (Fujioka et al.
2000) cell culture, though few other species have
also been confirmed for occurrence of intermedi-
ates. 6-Deoxocastasterone was reported in tomato
(Lycopersicon esculentum), pea (Pisum sativum),
Arabidopsis (Bishop et al. 1999; Koka et al. 2000;
Nomura et al. 2001) and some other plant species.
6-Deoxotyphasterol and 3-dehydro-6-deoxoteaster-
one were identified as putative precursors of
6-deoxocastasterol in the pollens of Cupressus
arizonica (Griffiths et al. 1995). Precursor of 28-
nor-deoxocastasterone was also found in tomato
(Yokota et al. 2001). Nomura et al. (2001) reported
that late C6-oxidation pathway, from campesterol to
6-deoxocathasterone, 6-deoxocastasterone and finally
to castasterone is universally controlled in all dicot
plant species. Further, the wide spread occurrence of
intermediates of biosynthetic pathway in some other
plants, like tobacco, rice, tomato and lily pollens
indicate that this pathway is more prevalent in
number of plant species.
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Table 1 Identification of Brassinosteroids in immature seeds of Camellia sinensis (O) Kuntze var. chinery

Compounds Rt Ion (relative peak height)

6-Deoxo-28-norcathasterone 4.625 533{M*} (1.2), 477 (1.2), 458 (2.2), 387 (1), 368 (4),
345 (2), 255 (5), 173(100)

6-Deoxo-28-norteasterone 7.342 516 {M*} (100), 501 (50), 459 (12), 426 (50), 411 (35),
305 (21), 285 (10), 257 (17), 230 (25), 215 (50)

3-Dehydro-6-deoxo- 7.583 442 {M*} (100), 427 (10), 246 (15), 231 (85), 217 (10),

28-norteasterone 163 (10), 141 (12)

6-Deoxo-28-nortyphasterol 7.842 516{M+} (75), 501 (12), 426 (90), 411 (82), 305 (16),
285 (10), 257 (10), 230 (22), 215 (65)

6-Deoxo-28-norcastasterone 8.625 484{M*} (95), 469 (20), 288 (17), 273 (75), 141 (10)

Castasterone 10.780 512{M*} (32), 399 (8), 358 (22), 327 (7), 287 (28), 155 (100)

The presence of intermediates of late C-6 oxida-
tion pathway in tea seeds also suggests the synthesis
of brassinosteroids through this pathway. It is quite
possible that these pathways are regulated in a
species or in tissue-dependent manner and also that
they are environmentally regulated. As tea seeds are
recalcitrant, brassinosteroids might play a crucial role
in viability of seeds. The study initiated in this
direction opens a new area of research in tea seeds
management programmes.
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