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In the course of investigations on brassinosteroid (BS) biosynthetic and metabolic pathways
in plants, an approach using HPLC/APCI-MS analysis of underivatized BS for their identifica-
tion in plant material has been developed. Its application to root-callus suspension cultures
of Arabidopsis thaliana led to the first identification of 3-epibrassinolide as natural
brassinosteroid.
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The occurrence of brassinosteroids in plants is usually studied by means of
gas chromatography/mass spectrometry (GC/MS) of their volatile cyclic
methylboronates using selected ion monitoring® (SIM). However, only com-
pounds bearing vicinal hydroxy groups are detectable by this technique.
Brassinosteroids with single hydroxy groups in the side chain or ring A,
such as cathasterone, teasterone and typhasterol, require trimethylsilyl-
ation instead of, or in addition to, boronation. Conformational rigidity of
vicinal axial/equatorial hydroxy groups in ring A may also hinder complete
boronate ring closure, thereby reducing analytical sensitivity. It was, there-
fore, desirable to develop microanalytical techniques that did not require
derivatization to identify such special brassinosteroids. Owing to the rather
polar character of brassinosteroids, direct GC/MS is not useful for this
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purpose. Gamoh and collaborators introduced reverse-phase liquid chroma-
tography/mass spectrometry (LC/MS) as alternative method, which can be
successfully applied to the detection of naphthaleneboronate derivatives of
brassinosteroids?. In the present investigation, LC/MS coupling was used
for the detection of underivatized brassinosteroids. Using this approach,
3-epibrassinolide (1) was identified as a natural product in plants for the
first time.

OH

HO.

HO 3-Epibrassinolide (1)

RESULTS AND DISCUSSION

Initially, experiments on LC/MS of cyclic brassinosteroid boronates were
carried out. Samples of authentic standards (brassinolide and [26-?H,;]3-
epibrassinolide®) were derivatized with phenylboronic acid. The phenyl-
boronates were subjected to LC/MS under isocratic chromatographic condi-
tions on a reverse-phase column using acetonitrile-water (90 : 10) as an
eluent. Atmospheric pressure chemical ionization (APCI*) was used for
LC/MS-SIM detection. Monoboronate derivatives were found exclusively
with retention times 12.6 min for 22,23-phenylboronate of [26-2H,]3-
epibrassinolide and 14.4 min for brassinolide. The boronates of brassinolide
and [26-2H;]3-epibrassinolide gave protonated molecular species ([M + H]")
but, in addition, brassinolide gave an acetonitrile adduct ion (M + CH;CN + H]* =
m/z 608), which was chosen for SIM analysis. Injection of 15 ng
brassinolide phenylboronate led to a SIM spectrum with signal-to-noise ra-
tio 22 : 1 (monitoring m/z 608); for the same amount of [26-?H,]3-epi-
brassinolide phenylboronate, this ratio was 7 : 1 (monitoring [M + H]* =
m/z 570). Detection of monoboronates can be rationalized by hydrolysis of
the initially formed bisboronate derivatives under aqueous conditions of
HPLC analysis and is in accord with the corresponding data on the instabil-
ity of bisboronates®. In contrast, 22,23-monoboronates have been observed
to be remarkably stable, even in slightly acidic medium and hence
phenylboronates are suitable derivatives in LC/MS analysis of some
brassinosteroids. However, the different properties and reactivities for
derivatization of individual brassinosteroids as well as variable hydrolytic
stability are limiting factors in general use of this approach.
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Therefore, we examined the application of LC/MS-SIM method to analyze
underivatized brassinosteroids. Appropriate reverse-phase HPLC conditions
for separation of brassinolide and 3-epibrassinolide (1) were established (see
Experimental). As with the phenylboronates, APCI* was used for ionization.
Detection limits were determined to be 12 ng for brassinolide and
[26-2H,]3-epibrassinolide. During LC/MS analysis, the signal of standard
brassinolide was detected at an average retention time of 14.3 min as the
protonated molecular species (m/z 481 [M + H]*) and molecular ion adducts
(m/z 522 [M + CH,CN + H]* and 544 [M + CH,CN + Nal*). [26-?H;]3-Epi-
brassinolide was found at an average retention time of 11.7 min with m/z
547 [M + CH4CN + Na]* under the above conditions. Solvent adduct forma-
tion is commonly observed with APCI, and is well documented®®, Owing to
the ability of the procedure to detect such low concentrations, it was ap-
plied to the analysis of endogenous brassinosteroids in plant tissue extracts.

Root-callus suspension cultures of Arabidopsis thaliana’, which have been
employed very recently to monitor 33-brassinosteroid dehydrogenase activ-
ity8, were used as the plant system in phytochemical studies on brassino-
steroids. The extract from Arabidopsis cultures was treated as described in
the Experimental, subjected to TLC on silica gel, and further separated
twice by reverse-phase HPLC using acetonitrile-water as a mobile phase.
Since brassinosteroids lack a suitable chromophore, the matrix material was
visualized in UV light at 254 nm and TLC zones of brassinosteroids were
scraped off according to the Rg values of standards determined on separate
TLC plates. UV trace of HPLC (205 nm) was used to detect the peaks of ma-
trix compounds coeluting with brassinsteroids. Thus, brassinosteroids were
monitored indirectly, and HPLC fractions were collected corresponding to
retention times of brassinosteroid standards detected at 205 nm. The frac-
tions thus obtained were subjected to LC/MS with on-line UV detection
(205 nm). Mass spectra were recorded in the SIM mode searching for
pseudomolecular ion and its clusters, which were determined in prelimi-
nary LC/MS experiments using standard samples. Using this approach, frac-
tions of root-callus suspension cultures of A. thaliana signals corresponding
to brassinolide were detected at average retention time 14.5 min (m/z 481
[M + H]*; m/z 522 [M + CH;CN + H]*). Based on comparison of signal inten-
sity in obtained spectrum and spectra of standard brassinolide, the esti-
mated concentration was 4 ng per g of fresh weight. An additional signal at
11.9 min in the same SIM experiment (m/z 522 [M + CH;CN + H]*) and an-
other signal (Fig. 1) found by SIM (m/z 544 [M + CH;CN + Na]*) was as-
signed to 3-epibrassinolide (1) on the basis of the retention time 11.96 min,
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which was determined before in separate experiments using [26-°H;]3-epi-
brassinolide (11.7 min; m/z 547 [M + CH;CN + Na]*). Replications con-
firmed the occurrence of endogenous 3-epibrassinolide in A. thaliana.

Brassinolide and 3-epibrassinolide (1) were identified in root-callus sus-
pension cultures of Arabidopsis thaliana. The identification of 3-epi-
brassinolide represents the first isolation of the natural product from a
plant, whereas brassinolide and other brassinosteroids have been already
detected in Arabidopsis®!!. A related brassinosteroid, 3,24-bisepibrassinolide,
different from 3-epibrassinolide in the configuration of C-24, has hitherto
been found as a metabolite in plants only after feeding 24-epibrassinolide
to Ornithopus sativus'?.

EXPERIMENTAL

HPLC. A Merck-Hitachi LiChrograph HPLC system (L-6200A gradient pump, UV-VIS de-
tector L-4250) with Merck Nucleosil C18 (10 pm; 10 x 250 mm) and Waters Symmetry
Shield™ (5 pm; 4.6 x 250 mm) reverse-phase columns were used.

LC/MS. Atmospheric-pressure-chemical-ionization (APCI) mass spectra were recorded in
the positive ion mode on a Micromass Quattro Il tandem quadrupole mass spectrometer (co-
rona voltage 3.5 kV, cone voltage 30 V). An HP1100 HPLC system, equipped with a variable
wavelength detector, was fitted to the mass spectrometer. A Waters Symmetry Shield™ reverse-
phase column (5 pm; 4.6 x 250 mm) was used at the flow rate 0.5 ml min~; injection vol-
ume: 35 pl of fractions from plant extracts, 10 pl of standard samples.

Brassinosteroids and labelled standards. [26-2H3]3-Epibrassinolide was synthesized as de-
scribed®. Brassinolide was purchased from CIDtech Research Inc., Mississauga (ON), Canada.

Derivatization. Phenylboronate derivatives were prepared from brassinolide and
[26-2H3]3-epibrassinolide (each 320 pg, 0.667 pmol). The brassinosteroid was added to a so-
lution of phenylboronic acid (240 pg, 1.995 umol) in pyridine-acetonitrile (32 pl; 2 : 98 v/v)
and heated to 70 °C for 20 min. Volumes of 10 ul of these solutions were injected to LC/MS.

11.96

min

Fic. 1
Detection of 3-epibrassinolide (1) (RT 11.96, m/z 544 [M + CH;CN + Na]") in root-callus suspen-
sion cultures of Arabidopsis thaliana by means of HPLC/APCI-MS-SIM
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Plant material and culture conditions. Sterile seeds of Arabidopsis thaliana cv. C24 were ger-
minated on auxin- and cytokinin-free B5 medium'® containing sucrose (20 g I'Y) at 23 °C on
a rotary shaker at 90 rpm. After growing for two weeks, the roots were separated from the
seedlings, minced under sterile conditions, and placed into RM 28 medium’ (100 ml) in
250-ml Erlenmeyer flasks. The cultures were maintained for three weeks under the same
conditions, with weekly replacement of the nutrient medium. During that time, root-callus
suspension cultures developed which were used for further investigations.

Extraction and separation. The root-callus material of Arabidopsis thaliana was harvested by
suction filtration, disrupted with an Ultra-Turrax grinder at room temperature in MeOH (3 x
60 ml). The combined extracts were evaporated, taken up with water, and extracted with
CHCI; (3 x 60 ml). The residue remaining after evaporation of the CHCI; extract was parti-
tioned between hexane (60 ml) and 80% aqueous MeOH (60 ml). The crude material (ap-
proximately 50 mg) remaining after evaporation of aqueous MeOH was subjected to TLC
(Merck silica gel 60F,g,, 20 x 20 cm, 0.5 mm layer thickness; CHCI;-MeOH 88 : 12). The
TLC zone corresponding to standards (brassinolide and [26-2H3]3-epibrassinolide) was
scraped off and eluted with CHCI;-MeOH 50 : 50. Brassinosteroid standards were chromato-
graphed on separate TLC plates to avoid contamination of extracts. The material remaining
after elution (approximately 5 mg) was further purified twice by reverse-phase HPLC. Initial
separation was carried out on a Merck Nucleosil C18 column (10 pm, 250 x 10 mm,
CH,CN-H,0 50 : 50 under isocratic conditions, flow rate 2 ml min™, UV 205 nm). Reten-
tion times of standards: [26-2H3]3-epibrassinolide 15.0 min, brassinolide 18.7 min. The
13-21 min fraction was collected and rechromatographed on Waters Symmetry Shield™ re-
verse-phase column (5 pm, 4.6 x 250 mm, CH;CN-H,O 50 : 50 under isocratic conditions,
flow rate 0.5 ml min~t, UV 205 nm). Retention times of standards: [26-2H3]3-epibrassinolide
11.2 min and brassinolide 13.4 min. The 10-15 min fraction was collected and further sub-
jected to LC/MS analysis using the same Waters Symmetry Shield™ reverse-phase column.
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