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Abstract-Two brassinosteroids, (24S~24ethylbrassinone [ (22R,23R,24S)-2a,3a,22,23-tetrahydroxy-24-ethyl-% 
cholestan-6-one] and 24-epicastasterone [ (22R23R~4R)-2s3s223-tetrahydroxy-24_m 
have been identified from Hydrodictyon reticulatwn. Examination of the sterols of this alga has established that 24- 
ethylcholesterol is predominantly the 24a_epimer, but 24-methylchoksterol is a mixture of the 24a- and 24fiepimers. 
Thus, similarity with respect to the C-24 configuration was observed between the brassinosteroids and 4- 
demethylsterols. 

INTRODUCIION 

The possible occurrence of plant hormones in algae has 
been examined by many investigators. Physicochemical 
evidence has been obtained for the presence of IAA [ 1,2] 
and cytokinins [3] in some algae. NO solid evidence for 
the occurrence of GAS in algae has been obtained, but 
biological activities due to GAS have been found in the 
extracts of various algae [4,5]. Although ABA has not 
been found in algae, lunularic acid has been considered as 
the substitute [6]. Therefore, it is most likely that plant 
hormones will be important in growth and physiological 
phenomena of algae. 

Brassinosteroids, a new class of steroidal plant hor- 
mones, have been demonstrated to have strong growth- 
promoting activity and have been characterized from 
various higher plants ranging from angiosperms 
(monocots and dicots) to a gymnosperm [7]. However, no 
indication for the presence of brassinosteroids in algae has 
been reported. In this work, we investigated a freshwater 
green alga, Hydrodictyon reticulatum, for the presence of 
brassinosteroids. 

RESULTS AND DEXIJSSION 

A chloroform-soluble fraction obtained from 
H. reticulatum was partitioned between hexane and 80% 
methanol. Brassinosteroid activity was found in the 80% 
methanol fraction based on a rice-lamina inclination 
assay. This was separated into neutral and acidic fractions. 
Major biological activity was found in the neutral frac- 
tion, being estimated to be equivalent to 5 pg of brassi- 
nolide, whik the biological activity of the acidic fraction 
was about one-tenth that of the neutral fraction. The 
neutral fraction was purified on a silica gel column eluted 
step-wise with increasing amounts of methanol in chlo- 
roform. Eluates with 4 % and 5 ‘A methanol in chloroform 
were biologically active and, therefore, were combined, 

then subjected to Sephadex LH-20 chromatography using 
a methanol-chloroform mobile phase. The activity was 
found in the elution volume corresponding to that of 
typical brassinosteroids. Upon reversed-phase high- 
performance liquid chromatography (HPLC) [8], two 
fractions (A and B) of biological activity were separated as 
shown in Fig. 1. 

Fraction A was analysed by GC/MS after methane 
boronation [9]. The peak observed in the reconstructed 
ion current trace had the same R, as the bismethane- 
boronate of (22R,23R,24S)-2Qethylbrassinone (1) 
(Table 1) and gave a mass spectrum identical to the 
bismethaneboronate of 1. Major fragment ions were 
observedat m/z (ret int.): 526 [M]’ (24), 441(12), 358 (21), 
287 (12), 169 (100). Compound 1 and its configurational 
isomers (2-4) with respect to C-22, C-23 and C-24 [lo] 
were examined for their behaviour in TLC, GC (Table 1) 
and reversed-phase HPLC (Fig. l), confirming that the 
brassinosteroid in fraction A should be compound 1. 
Fraction B, with only weak activity, was also analysed by 
GC/MS after methaneboronation. The peak with R, of 
8.52 min exhibited a mass spectrum identical to that of the 
bismethaneboronate of castasterone (5). m/z (rel. int.): 5 12 
[M]’ (43), 497 (3), 441 (13), 358 (27), 287 (22), 155 (loo), 
but the R, was larger than that of the bismethaneboronate 
of 5 (Tabk 1). This fact indicates that the brassinosteroid 
in this fraction must be an epimer of castasterone. Precise 
comparison of its chromatographic (GC and HPLC) 
behaviour, with those of authentic epimers (5,6 and 7) led 
to the identification of compound B as (22R,23R,24R)- 
castasterone (6) (Fig. 1 and Tabk 1). The amounts of 1 
and 6 in H. reticulatum were estimated to be 4.0 and 
0.3 pg,/kg fr. wt, reqectively, based on GC-selected ion 
monitoring (SIM) of the active fraction obtained after 
Sephadex LH-20 chromatography. These values are ob- 
viously underestimates because of possibk losses during 
the sample purilication. 

The present work demonstrates for the first time that 
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Fig. 1. Distribution of biological activity determined by the rice-lamina inclination teat after reversed-phase HPLC 
of the partially purified extract from H. reticulamm. The arrows denote the elution positions ofauthentic specimens. 

Table 1. Chromatographic data of fractions A and B, and synthetic 
epimers of ethylbrassinone and castasterone 

Compound 

Fraction A 
(22R,23R,24S~Etbylbrassinone (1) 
(22R,23R,24R~Ethylbrassinone (2) 
(22$23&24S)-Ethylbrassinone (3) 
(22&23&24R~Ethylbrassinone (4) 

Fraction B 
(22R,23R,24S)-Castasterone (5) 
(22RJ3R,24R)-Castasterone (6) 
(22&23S,24R~Castasterone (7) 

TLC GC/MS 

Rf’ R, (min)t 

0.42 9.20 
0.42 9.20 
0.42 9.63 
0.52 9.12 
0.52 a.79 

0.43 8.52 
0.39 7.90 
0.43 8.50 
0.49 7.58 

*Silica gel HPTLC (Merck) was used with a 6:l mixture of 
chloroform-ethanol as solvent. TLC plates were sprayed with 70% 
sulphuric acid and then heated for visualization as bluish-purple spots 
under UV (365 mn). The detection limit was less than 0.01 pg. 

WC conditions are described in the Experimental. 

braaainosteroids occur in algae and also that a 24R-type 
brassinosteroid is present in plants. It, however, seemed 
unexpected that (22R,23R,24S)-24-ethylbrassinone (l), 
the major brassinosteroid in H. reticulatum, has a 24a- 
alkyl substituent (a is taken to mean the substituent 
pointing towards the observer [ 1 l] ), because alga1 sterols 
have generally been believed to have a 24/?-alkyl sub- 
stituent [12,13]. This question prompted us to analyse 
the sterols contained in H. reticulatam. 

The Qdemethylsterol fraction obtained from the 
hexane fraction was acetylated and then purified on a 
column of silica gel impregnated with silver nitrate, 
affording a mixture of cholesteryl acetate and its 24-alkyl 
homologues. This was subjected to reversed-phase HPLC 
with a methanol-hexane mobile phase, affording 
choksteryl acetate, 24-methykholesteryl acetate and 24- 
ethylcholesteryl acetate in a 3 1: 1: 68 ratio. The I H NMR 
spectrum (400 MHz) of the 24ethylcholesteryl acetate 
was identical to that of authentic sitosteryl acetate (24a- 
isomer) and also was in good agreement with the literature 
data [ll, 14-163. Thus the 24ethylchoksterol in 
H. reticulatum consisted predominantly of the 24a- 

isomer. The Hydrcdictyon 24-methykholesteryl acetate 
was found lo be a mixture of the 24u- and 24/%isomers 
from comparison of the ‘HNMR data with those 
reported in the literature [ll, 14-173. By comparing the 
intensities of the doublets for the C-26 and C-27 protons 
with those of the authentic 24a-methykholesteryl acetate, 
the mixture was estimated to be composed of co 80 % of 
the a-isomer and ca 20% of the /&isomer. 

Huneck [18] once reported that spinasterol is a major 
sterol component in H. reticularum, but his conclusion 
should be reconsidered in the light of our data. It is 
striking from phylogenetic and taxonomical aspects that 
the configuration at C-24 of the 24alkylsterol.s in 
H. reticulatum are quite analogous lo those reported for 
tracheophytes [ll, 14, l&17,19] rather than green algae 
[12,13,20]. As concerns other green algae, their 24- 
alkylsterols are known to have the 24@onfiguration 
although, in some casea, this assignment was tentative 
[21,22]. It is interesting that the 24/J-methylsterol iso- 
lated from Nitella jlexifis (Chalophyta) contains a small 
amount (IO-15 %) of 24a-isomer [23]. 

Since it was found that H. reticulatuna contains sterols 
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