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Abstract-Twenty sterols of the cultured zooxanthellae (dinoflagellate symbionts) originally derived from the 
Caribbean gorgonian coral Briareum nsbestinum were identified and found to include two new 4a-methyl sterols, 4a- 
methyl-24S-ethyl-5a-cholestan-3j?-ol and 4a-methyl-24S-ethyl-5a-cholest-8(14)-en-3~-ol. The assigned structures are 
based upon 36OMHz ‘H NMR and MS analysis of these compounds. The MS-configuration was confirmed 
by comparison with the 36OMHz ‘H NMR spectrum of the partially synthesized 4a-methyl-24R-ethyl-5a- 
cholestan-3B-01. 

INTRODUCTION 

Several groups are currently investigating various aspects 
of the chemistry of cultured, unicellular marine algae 
(phytoplankton). For instance, carotenoid pigments are 
being studied by Liaaen-Jensen and her group [ 11, and 
their results have already proved to be useful in algal 
taxonomy. Others are investigating algal species (mainly 
dinoflagellates) which are known to be primary producers 
of toxins [2,3 1, which are concentrated via the food-chain 
and which may cause disease or even death in humans 
who eat filter-feeding marine invertebrates. Our own 
interests in phytoplankton are based upon the need to 
define the primary sources of unusual as well as common 
sterols, which, via dietary accumulation, are concentrated 
and subsequently also modified by marine invertebrates. 

Two groups of algae, the diatoms (class 
Bacillariophyceae) and the dinoflagellates (class 
Dinophyceae) are important producers of dietary sterols 
due to their great abundance in most marine ecosystems 
[4,5]. Thus diatom and dinoflagellate sterols, unchanged 
or modified, should account for a high percentage of the 
sterols of a filter-feeding animal which does not synthesize 
its own sterols. 

The recent literature includes only one publication 
concerning the sterols produced by a marine diatom [6], 
but there are several papers on dinoflagellate sterols 
[7-151. 

RESULTS 

In this paper, we wish to report the isolation and 
structure determination of two new C&-sterols of MWs 
430 and 428, respectively, from a cultured dinoflagellate. 

$To whom correspondence should be. addressed. 

This dinoflagellate was isolated from the Caribbean 
gorgonian (phylum Cnidaria, class Anthozoa, order 
Gorgonaceae) Briareum asbestinum in which it was found 
to live in symbiosis. 

The CJO-sterols have three more carbon atoms than 
cholesterol; both new sterols are 4a-methyl sterols as 
deduced from the presence of a characteristic sextet (ddd) 
at 6 3.1 in the ‘H NMR spectra (CDC13). These spectra 
also displayed a methyl triplet which indicated the 
presence of an ethyl substituent. There is no precedent for 
ethyl substituents in the ring system of sterols. For 
biosynthetic reasons, we assumed that these substltuents 
were most likely located in the 24-position of the side 
chains. Indeed, the mass spectra of the two C&-sterols 
proved that only one of the three additional carbons was 
located in the skeleton. 

The mass spectrum of the sterol of MW 430 resembled 
that of 5a-cholestan-38-01, but two characteristic peaks 
were found at 14mp higher; at m/z 247 (M + - C-15, C- 
16, C-17 and side chain) [16] and m/z229 (247 - H,O), 
respectively. This is consistent with the presence of a 4a- 
methyl group. The ‘H NMR shifts of the C-18 and C-19 
angular methyl groups were very similar to those of 4a- 
methyl-5a-cholestan-3j?-ol, which indicated that the &,- 
sterols had the normal Sa,lb-androstane skeleton. 

The loss of the side chain associated with the peak 
[17-19]atm/z287(Cz,H,10)inthemassspectrumofthe 
sterol of MW 428 proved that the only unsaturation was 
in the ring system, and that two of the three extra carbons 
had to be attached to the side chain. The absence of 
olefinic protons in the ‘HNMR spectrum limited the 
possible positions of the double bond to the Asc9)- or 
A”(14)-position. The Zfircher values [20] for the C-19 and 
the C-18 methyl groups in 5a-cholest-8(9)-en-3/?-ol and 
5a-cholest-8( 14)-en-38-01 are 6 0.933 and 0.567, and 
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6 0.691 and 0.825, respectively. .A comparison of these 
Ziircher values with our experimental values (Table 1) 
indicates that the sterol of MW 428 has a As’14)-double 
bond. 

The remaining problem, the configuration at C-24, was 
solved by comparison of the 360 MHz ‘H NMR spectra of 
the partially synthesized 4a-methyl-24R-ethyl&- 
cholestan-3/I-ol with 1A derived from the B. asbestinum 
zooxanthellae and 1B isolated [15] from a GIenodinium 
species. As shown in Table 1, there is an almost perfect 
correlation of the chemical shifts for the synthesized 
compound and lB, thus leading to the opposite 249 
configuration (1A) for the sterol with MW 430. Even 
though the As(‘4)-double bond in 2A and 2B changes the 
chemical shifts for the C-18, C-19, C-21 and C-30 protons, 
sterol 2A can be assigned the same 24S-configuration 
since it has the same pattern of chemical shifts as 1A and 
3A. This leads to the structure 4a-methyl-24S-ethyl-5a- 
cholestr8(14ken-3j?-ol (2A) for the sterol with MW428. 
The 24S-assignment for 1A and 2A is supported by the 
fact that clionasterol(3A) was also isolated from the same 
dinoflagellate (Table 3). The saturated sterol lA, but not 
its A*(14)-unsaturated analog, was also found in the sterol 
mixture of the cultured zooxanthellae isolated from the 
Caribbean gorgonian MuriceopsisJlauida [21]. 

DISCUSSION 

Previously we reported [15] the isolation and partial 
elucidation of the structures of 4a-methyl sterols of MWs 
430 and 428 from the dinoflagellate Gienodinium sp. These 
sterols were tentatively identified as 4a-methyL24<ethyl- 
5a-cholestan-3/Lol (1A or 1B) and 4a-methyl-24l-ethyl- 
5a-cholest-8(14)-en-3/?-ol (2A or 2B). We could not use 
analogy to assign the configuration at C-24 in these 
sterols because 24<-ethyl-cholest-5-en-38-01 (3A or 3B) 
was not found in this alga. The new sterols reported in this 
paper and the above Glenodinium sterols are different by 
360MHz ‘HNMR (Table 1) which together with a 
comparison of the ‘HNMR spectra to the synthetic 
compound (1B) shows that the Glenodinium sterols have 
the 24R-configuration. 

As in the present case of the zooxanthellae of B. 
asbestinum (cf. Experimental), 4a-methyl sterols, rather 
than conventional 4-demethyl sterols, are usually the 
main components of the sterol mixtures produced by 
dinoflagellates [7-151. Because of the abundance of 
dinoflagellates in phytoplankton-at times even 
surpassing diatoms in numbers-one must wonder why 
so few 4a-methyl sterols have been isolated from animals 
which feed on phytoplankton. The reason could be that 
these animals, even those unable to synthesize their own 

Table 1. 360 MHz ‘H NMR data (CDCI,) of three sterols of the zooxanthellae of B. asbestinum (lA, 2A, 3A), of two Glenodinium 
sterols (lB, 2B), of a synthetic compound (lB), and of a reference compound (3B). (Shifts are 6 values; coupling constants in Hz) 

Structure 

Side chain Nucleus MW C18-H C19-H C21-H C26,27-H C29-H C30-H 

; +J?5 %, 
I r-4 

1B (natural) 

%, , 

r+ 
1B (synthetic) 

: 

“i”;c 

%, I 

r+ 

/ 
_= 

r_ ( . 

3A 

%, , 

r+ 3B* 

A0 430 0.646 (s) 0.823 (s) 

A0 430 0.645 (s) 0.821 (s) 

A0 430 0.646 (s) 0.822 (s) 

A8(14) 428 0.837 (s) 0.714 (s) 

Aa 428 0.838 (s) 0.714 (s) 

414 

414 

0.677 (s) 1.008 (s) 

0.676 (s) 1.008 (s) 

0.907 (d) 
J = 6.5 

0.902 (d) 
J = 6.5 

0.902 (d) 
J = 6.6 

0.939 (d) 
J = 6.5 

0.935 (d) 
J = 6.6 

0.924 (d) 
J = 6.5 

0.919 (d) 
J = 6.5 

0.808 (d) 
J = 7.1 

0.828 (d) 
J = 7.0 

0.810 (d) 
J = 7.7 

0.831 (d) 
J = 7.2 

0.811 (d) 
J = 7.7 

0.832 (d) 
J = 7.0 

0.811 (d) 
J = 6.6 

0.829 (d) 
J = 7.2 

0.815 (d) 
J = 7.7 

0.836 (d) 
J = 7.4 

0.809 (d) 
J = 7.0 

0.829 (d) 
J = 7.1 

0.813 (d) 
J = 7.5 

0.833 (d) 
J = 7.4 

0.851 (t) 0.947 (d) 
J = 7.4 J = 6.4 

0.841 (t) 0.946 (d) 
J = 7.5 J = 6.4 

0.841 (t) 0.946 (d) 
J = 7.5 J = 6.5 

0.857 (t) 0.989 (d) 
J = 7.4 J = 6.3 

0.846 (t) 0.989 (d) 
J = 7.7 J = 6.3 

0.853 (t) 
J = 7.3 

0.843 (t) 
J = 7.5 

- 

- 

*Reference spectrum (360 MHz) was kindly supplied by Dr. M. Rohmer. 
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side chain 
I 

side chain side chain 

Table 2. Composition* of the free 4wmethyl sterol fraction of the zooxanthellae from 8. asbestinum 

Structure 
Side chain Nucleus Name MW % RR,P 

A0 

A0 

Asl14) 

A&14) 

A&14) 

Dinosterol 

5Dehydrodinosterol 

402 

414 

416 

428 

430 

426 

400 

414 

428 

02. 

1.0 

15.5 

48.4 

14.6 

6.9 

0.5 

1.8 

11.1 

1.12 

1.27 

1.46 

1.56 

1.83 

1.61 

1.12 

1.46 

1.83 

*An average of three runs. 
tGas chromatographic conditions: 3 % SP-2250, 260”; standard cholesterol. 
$Not isolated, but identitkxi on the basis of its mass spectrum and its RR, on GC. In applicable cases the configuration at 

the double bond in the side chain and/or the cotiguration at C-24 was assigned using analogy. 
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Table 3. Composition* of the free 4-demethyl sterol fraction of the zooxanthellae from B. asbestinum 

Structure 
Side chain Nucleus Name MW % RR,t 

A0 Sa-Cholestan-3B-ol$ 388 2.1 1.00 

A0 24S-Methyl-Sa-cholestan-3/?-01% 402 1.4 1.29 

A0 4_Demethyldinosterol$ 414 0.6 1.37 

A0 

A5 

24S-Ethyl-Sa-cholestan-3fi-olS 416 0.7 1.61 

Cholest-5-en-3/3-ol 386 19.1 1.00 

A5 24S-Methylcholest-5-en-3/J-ol 400 16.1 1.29 

A5 4-Demethyl-5-dehydrodinosterol$ 412 3.7 1.37 

24S-Ethylcholest-5-en-3B-ol 414 5.1 1.61 

Cholesta-5,7-dien-3/?-ol 384 35.9 1.17 

A5 

AS,7 

AS,7 24S-Methylcholesta-5,7-dien-3/?-ol 398 14.1 1.52 

A’ Sa-Cholest-7-en-3fi-ol$ 386 1.2 1.16 

*An average of three runs. 
tGas chromatographic conditions: 3 % SP-2250,260”; standard cholesterol. 
$Not isolated, but identified on the basis of its mass spectrum and its RR, on CC. In applicable cases the configuration at 

the double bond in the side chain and/or the configuration at C-24 was assigned using analogy. 

sterols, have the ability to remove the 4-methyl group EXPERIMENTAL 

from dietary sterols. For a description of the instruments used, for details of the 
Although A8(14)- unsaturated sterols, such as 2A, are isolation and mass-culture of zooxanthellae. and for analytical 

rare, dinoflagellates are apparently a potential source of methods used to separate the sterol components, the reader is 
this type of sterol. In the dinoflagellates Amphidinium referred to another publication [21] in which, inter nlia, part of 
carterae and A. corpulenturn [12,15] they are the end our work on this dinoflagellate has been reported. In this 
products of sterol biosynthesis. previous publication [21] we did not give the abundances of all 
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the identified components, nor did we assign the configuration at 06840 and AM-04257 (to CD). Use of the NMR/MS center at 
the double bond and/or at the asymmetric centers in the side UCSD and of the Stanford 360 MHz NMR facility (NSF grant 
chain. For this reason detailed information on the sterol No. GP-23633 and NIH grant No. RR-0711) is gratefully 
composition of the zooxanthellae from B. ashestinum follows (see acknowledged. L.B. is grateful to the Blanceflor-Ludovisi 
Tables2and 3). ‘H NMR dataofsomecompoundslistedin these Foundation (Stockholm) for a fellowship, while on leave from the 
tables, viz. 4a,24S-dimethyl-5a-cholestan-3~-ol, 4a,24R- Faculty of Pharmacy, Uppsala University. Mr. James R. Lance 
dimethyl-5a-cholest-22-en-3~-ol (W. C. Dow ef ol.. unpublished isolated and mass-cultured the zooxanthellae, Dr. Lois Durham 
results) and 4demethyldinostero1, (N. W. Withers et al., recorded the 360 MHz ‘HNMR spectra and Annemarie 
unpublished results) have not yet been reported in the literature, Wegmann operated the Varian MAT 711 high resolution mass 
but they are known compounds. spectrometer coupled with a computer. 

4a-Methyl sterols are the dominant sterols of the zooxanthella 
of B. asbestinum. The ratio of 4a-methyl sterols to 4-demethyl 
(= regular) sterols is 88: 12. The 4u-methyl sterols were separated 
by reverse-phase HPLC [22] ; in the case of some components, e.g. 
2A, final purification by prep. GLC was necessary (3 % OV-25, 
265”). The first step in the isolation of the Cdemethyl sterols was 
AgNOs-Si gel TLC [23] of their acetates to give three fractions: 
thesterolswithasaturatedringsystem, thesterolswithonedouble 
bond in the ring, and the 5,7-dienes. Further work-up (reverse 
phase HPLC) of the first fraction (after saponification) was not 
practical because of its small size. 
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