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ABSTRACT: The sterol composition of two Zoanthus species
has been analysed and compared with literature data. The new
marine sterol zoanthosterol (4e-methyl-Ba-ergosta-24(28)-en-34-
ol) has been obtained from Z. sociatus. Biological implications
are discussed.
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INTRODUCTION

The increased interest in marine sterols has led to the identification,
during the last 15 years, of a number of new structures obtained prin-
cipally from Molluses, Echinoderms, Poriferas and Coelenterates mostly
of the class Anthozoa, i.e. Octocorallia and Hexacorallia (15). Whilst
Octocorals (soft corals and sea fans) have been intensively investigated
yvielding more than 40 new sterols (15), little attention has been payed,
in comparison, to sterols from Hexacorals (hermatypic corals, sea ane-
mones and zoanthids) (8). This is not surprising for corals and sea
anemones for which a generous part of the wet weight is inorganic
matter (corals) or water (some sea anemones). In contrast, zoanthids
yvield large proportions of extractable organic material. Even so, zoanthid
sterols have been much less studied than the coral or sea anemone
ones (8). The rather confused biological systematics of Zoanthids, at
species level, is probably responsible, in part, for this situation (10, 19).
Indeed, after CARLGREN (7), “everyone examining the Zoantharia
has learnt how difficult it 1s to determine the members of this group
of Anthozoans”.

* Presented at the Seminar on Bioactive Natural Products, Sio Paulo, 20-22 May, 1881. Previous paper
in this series, see reference 12.

#a Taboratérios Silva Araijo Roussel S.A. — Unidade de Pesquisne — Rua do Rocha, 156 —
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The order Zoanthidea is composed of three families and eleven
genera for a total of about 260-270 different species (see Table 1).
The family Zoanthidae is the m=in one and is restricted to tropical seas
(10). From the 39 species recorded for the West Indies and for the
Atlantic coast of South America, 29 belong to the family Zoanthidae;
among them, 10 are of the genus Zoanthus and 13 (or 18*) of the genus
Palythoa. This comparative study will be restricted to species of the
family Zoanthidae.

The present work deals with the sterol composition of two Brazilian
zoanthids of the genus Zoanthus. In the second paper of this series we
will consider the genus Palythoa. Comparison with literature data and
biological implications are discussed.

TABLE 1
The order ZOANTHIDEA after HERBERTS and WALSH (10, 19)
Genus known West Indies
FAMILY species South America
Isaurus Gray 5.“‘H 1
e R Spenopus Steenstrup 1 0
Zoanthus Lamarck b9 » B4% 10
Palythoa Lamouroux 093 13
Gemmarie Duch. & Mich. 10 b
Protopalythoa Verrill
Epizoanthidae Epizoanthus Gray 53 21% 4
Thoracactis Gravier 1 0
Gerardia Bertholani 1 0
Parazoanthidae  [Isozoanthus Carlgren 14 15 9% 0
Parazoanthus Haddon &
Shackleton 25 6

MATERIAL AND METHODS

Equipment: melting points were determined on a BUCHI SMP-20
apparatus and are uncorrected. Optical rotations were measured on a
PERKIN-ELMER 241 polarimeter at 25.° in CHC1l,. Low resolution
mass spectra were determined on a MICROMASS MMI12F instrument.
IR spectra were recorded in CHC1; solutions with a PERKIN-ELMER
735B spectrophotometer. GC analysis were performed on a VARIAN
2440 apparatus equipped with a FID. system and on a 3% OV-17 on
VARAPORT 30 column (7'x1/8”) operating in isotherm mode at 285.°.
Retention times are expressed relatively to cholesterol. Column chroma-
tographies were carried out on E. MERCK Kieselgel 60 (70-230 mesh).
Analytical and preparative thin layer chromatographies (tle) were car-
ried out on E. MERCK Kieselgel 60 254 ready-to-use plates, the

* It iz unecertain whether the genera Gemmaria and Protopalythoa are different from one another and
whether they should be included into the genus Palythea (19).
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chromatograms being revealed by spraying a 3% ethanolic solution of
phosphomolybdic acid followed by heating at 150.°

Animals: fresh polyps of Zoanthus sociatus (Ellis, 1767) (Hexa-
corallia, Zoanthidea) and of an unidentified Zoanthus species were
collected, on rocky bottom, along the coast of the state of Rio de Janeiro.
They were preserved in 70% EtOH until work up. Data about the

collection appear in Table 2.

TABLE 2
The Zoanthus collection
Animal Loeal Date Depth Yield %
extract
Zoanthus sp Ilha Grande 15-03-80 1 —2m 18.3
Z, sociatus Cabo Frio 29-05-80 0 —1m 10.5

Zoanthus sp: as sterile colonies
Z. sociatus:  as sterile or hermaphrodite colonies

Extraction: the aqueous ethanol in which the animals were pre-
served was filtered off, and the animals extracted several times with
ethanol until a colorless extract was obtained. The polyps were then
extracted with methylene chloride. The organic extracts were combined
and evaporated under reduced pressure. Water was eliminated by azeo-
tropic distillation with benzene. The extract was then triturated in
methylene chloride to eliminate inorganic matter. Evaporation of the
solvent afforded a methylene chloride residue from which the sterol

fraction was isolated.
Obtention of the sterol mixtures — Isolation of the sterols:

a) The obtention, from Zoanthus sociatus, of the free monohydroxy
sterol mixture and the separation of the sterols as their acetyl derivatives
have been described earlier (12). The physico-chemica] data of compounds
7-1, 7Z-2 and Z-3 (see figure 1.2) have been reported for the acetyl

derivatives in cited reference.
b) Identical techniques have been used in the case of the uniden-

tified Zoanthus species.

MS of the sterol mixture from Zoanthus sp: molecular ion at m/e
— 414 (2, C23H500) — 400 (7, CasHyiO) — 398 (42, CosHyO) — 386
(28, C.;H,30) and 384 (8, C-7H,,0) ; characteristic fragment ions at m/e
— 399 (18, 414 — CHj3), 396 (1, 414 — H.0), 385 (4, 400 — CH,),
383 (6, 398 — CH;), 382 (2.5, 400 — H.0), 381 (2, 414 — CH,, H.0),
380 (4, 398 — H,0), 371 (8, 386 — CH;), 369 (4, 383 — CH;), 368
(11, 386 — H.0), 367 (2, 400 — CH,, H.0), 365 (4, 398 — CH,, H.0),
355 (3.5), 353 (8, 386 — CH,, H.0), 351 (1, 384 — CH,; H.0), 336
(7), 314 (18, 398 — CeHi, i.e. Mac Lafferty rearrangement from a
A2428) double bond), 300 (28), 299 (7, 314 — CH3), 296 (2, 314 — H;0),
275 (13), 273 (17), 271 (30), OEER (A2 SN2 1 BI( 22 ) e
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The GC trace is described in the text (Figure 1.b. and Table 3).

From 41 mg of the steryl acetate mixture of Zoanthus sp (obtained
in the usual conditions), we isolated as desecribed earlier (12), five
fractions: S-1 (2 mg), a mixture of S-1/S-2 and S-3 (10 mg), S-4
(15 mg), S-5 (4 mg) and S-6 (5 mg).

S-1 (as the acetate) : RRT = 1.00, 83% pure by GC, co-chroma-
tographs with an authentic sample of acetyl-cholesterol; MS : M-*—
60 = 368, 353 (368 — CH;),...

S-1 / 8-2 / S-8 (as the acetates) : RRT = 1.00 / 1.25 and 1.46
respectively, relative proportions of 73 / 17 and 10% ; S-1 co-chroma-
tographs with acetyl-cholesterol and S-2 with an authentic sample of
(245) -24-methylcholesterol (IV with the methyl B8 oriented). MS of
the mixture : M;*— 60 = 368 (S-1), Mot— 60 = 382 (S-2) and
Mz*— 60 = 396 (S-3).

S-4 (as the acetate) : RRT = 1.12, over 949% pure, co-chromato-
graphs with an authentic sample of brassicasteryl acetate ; m.p. :
150.56-152.0° (lit. 1529 ref 9); [a]p = —55.9° (¢ = 1.12 in CHC1,;)
(lit. —62.2°, ref. 9) ;: MS : M:*— 60 = 380 (32, C30H,;:0. — AcOH),
365 (6, 380 — CH,), 337 (6, 380 — CzH;), 296 (2), 282 (5), 267 (3),
255 (37, 380 — side chain), 253 (8, 380 — side chain 4+ 2H), 239 (3),
228 (6), 213 (10, 380 — side chain and 42) : IR : 1720, 1255. 1035
and 980 em™.

S-5 (as the acetate) : RRT = 0.96, over 96% pure, co-chromato-
graphs with and authentic sample of 22(E)-22-dehydrocholesteryl ace-
tﬂtE; MS : M-+— 60 = 366 {17, ngH.sz —_ ﬁEDH}, S0l {25, 366 —
CH;), 323 (1, 366 — CzH;), (295 (1), 255 (15, 366 — side chain),
263 (2.5, 366 — side chain 4 2H), 228 (2), 213 (4, 866 — side chain
and 42).

TABLE 3
GC analysis of free sterol mixtures from some Zoanthus spp
RRT
SAMPLE 0.66 0.96¢ 1.00 1.12 1.26 1.27 1.39 1.46 1.64 | C (28)
Z. 8oc. t -— 3 —- — 87 8 — t BT
Y —r. "-_,.,_..._...-'
Z. sp = 34 51 14 — 1 — 65
Z. pag.* —- - 19 41 30 10 —— - - 81
Z, prot, ** —- — - -— — 100 — - - 100
Z. goc. (Al)§ — t 35 — — —- - -— — - t

Z. soc. = Z, sociatus; Z. pac. = Z. pacificus; Z. prot. = Z. proteus; (Al) = alga

* after GUPTA & SCHEUER Steroids 12:343 (1969)
** after BERGMANN et al. J. Org. Chem, 16:1337 (1951)
§ after KOKKE et al. Tet. Letters 3601 (1979)
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S-6 (as the acetate) : RRT = 1.27, over 99% pure, co-chromato-
graphs with an authentic sample of chalinasteryl acetate ; MS : M-*—
60 — 380 (27, C30H40. — AcOH), 365 (8, 380 — CHj), 296 (15, 380
— (C¢Hy», i.e. Mac Lafferty rearrangement of a A% double bond),
281 (296 — CH,), 272 (2), 259 (5), 2565 (6, 380 — side chain), 253
(9, 380 — side chain 4 2H), 228 (5), 213 (10) ; IR : 1720, 1640, 1260

and 895 ecm™.
RESULTS

The GC traces of the sterol mixtures from the two Zoanthus species
are compared in Figure 1 with the one reported for Zoanthus confertus
(now named Z. pacificus Walsh & Bowers 1971 (20) ). Calculated data
appear in Table 3, where retention times are relative to cholesterol and
where compositions (%) are deduced from the area of the GC peaks.

The three major sterols produced by Z. sociatus were isolated and
identified as cholesterol (Z-1, I), chalinasterol (or 24-methylenecholeste-
rol, Z-2, V) and zoanthosterol (4«-methyl-5a-ergosta-24(28)-en-33-ol,
7-3, XI) by gas chromatographic, physico-chemical and spectroscopic

data (12).

GC analysis of the sterol mixture obtained from the unidentified
Zoanthus species (Fig. 1.b.) showed it to be more complex than that
of Z. sociatus. The MS of the sterol fraction displayed at least five
molecular ions at m/e = 414, 400, 398, 386 and 384. The characteristic
fragment ion at m/e = 314 was indicative of the presence of a sterol
with an exomethylene group at C-24 (Mac Lafferty rearrangement of
a A28 double bond) (9). Separation of the sterols, as their acetates,
by argentic silica gel column chromatography, afforded four steryl
acetates over 92% pure (by GC) and a mixture of three steryl acetates.
The retention times relative to cholesteryl acetate were : 1.00 (S-1,
2 mg), 1.00-1.25-1.46 (S-1, S-2 and S-3, 10 mg), 1.12 (S-4, 15 mg),
0.96 (S-5, 4 mg) and 1.27 (5-6, 5 mg).

9.7 was identified as cholesteryl acetate with which it co-chromato-
graphs in GC, on the basis of its retention time (GC) and of its MS

identical with that of an authentic sample.

S.2 and S-3 were tentatively identified as 24f-methyl and 24&-ethyl-
cholesteryl acetates by their RRT identical with published data obtained
in similar operating conditions (14). The MS of the mixture 5-1/5-2/8-3
showed fragmentations (M-+ — 60) at m/e = 368 (i.e. parent sterol
C..-H,;0), 382 (i.e. parent sterol C.,sH<O) and 396 (i.e. parent sterol
C.yH:,0) which were in perfect agreement with our assumption. The
absence of molecular ions strongly suggested a 38-OAc-A® moiety (17).
That the extra-carbon(s) of S-2 and S-3 were located in the side chain
came from their MS showing fragment ions corresponding to the tetra-
cyclic nucleus at the same m/e ratios as in cholesteryl acetate. In addition,
9.9 eco-chromatographed with an authentic sample of 22,23-dihydrobrassi-
casteryl acetate (IV with the methyl B8 oriented), suggesting the extra-
_carbon of S-2 to be located at C-24, the biogenetic favoured position.
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.a. Z. sociatus .b. Zoanthus sp l.c. Z. pacificus™

Fig. 1 — GC traces of aterol mixtures from Zoanthus spp *.

* after GUPTA ¢ SCHEUER (8): reconstructed; im the original paper the zoanthid is named Z, esom-
fertus
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i¢. 2 — Sterol structures: Distribution of stercls in Zoanthus spp. 1 = Z. sociatus; 2 = Zoanthus sp;
Fig. 2 8 = Z. pacificus; 4 = Z. proteus; 5 = symbiotic alga of Z. socialus.
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Fig. 3 — Sterols of Zoanthus sp, biosynthetic pathway
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S-4 was identical with brassicastery]l acetate (9) by m.p., [«]pn, IR,
MS and GC (RRT and co-injection with an authentic sample).

S-5 was found identical with 22(E)-22-dehydrocholesteryl acetate
by MS and GC (RRT and co-injection with an authentic sample).

S-¢ was identified with chalinasteryl acetate (24-methylenecholes-
teryl acetate) by MS, IR and GC (RRT and co-injection with an authentic

sample).
DISCUSSION

Although our knowledge on zoanthid sterols of the genus Zoanthus
is restricted to only two published papers (5, 9) dealing with two species,
some general conclusions appear.

1. C.e-sterols are the major sterols of Zoanthus species as they are
of the class Anthozoa in general (11).

2 All the Zoanthus species studied up to now contain chalinasterol
(V). It is the sole sterol of Z. proteus, the major one of Z. sociatus and
a minor component of. Z. pacificus and of the unidentified Zoanthus

species.
2 (Cholesterol (I), a typical animal sterol, and brassicasterol (III),
widely distributed in marine invertebrates (8), seem to be common sterols

in Zoanthus species.

4. As Z. proteus is now considered synonimous with Z. sociatus
(19), it is possible that the presence of small amounts of cholesterol (I)
and zoanthosterol (XI) in the sterol fraction isolated by BERGMANN
et al. (5) could not be detected by these authors due to the low perfor-
mance analytical techniques existing prior to 1960.

5. The sterol composition of the unidentified Zoanthus species was
found quite similar to that reported by GUPTA & SCHEUER (9) for
Z. pacificus with, in addition to the reported cholesterol (I), brassicas-
terol (III), chalinasterol (V) and 24£-methylcholesterol (IV), the common
(8) marine sterol 22(E)-22-dehydrocholesterol (II) and probably 24£
-ethylcholesterol (V1). Considering the biosynthetic pathway shown in Fig.
3, the presence of brassicasterol (III) together with S-2 and S-3 allows
us to suggest for the two latter sterols absolute configuration “24S”, i.e.
the alkyl at C-24 is probably g.

6. Z. sociatus was found to ¢ontain the rare zoanthosterol (XI),
a new 4z-methyl-5a-stanol (12). Sterols containing a 4z-methyl-5z-stanol
moiety have been obtained from various marine organisms including a
red alga (4), a sea star (18) and an aleyonarian (6) but are most
frequently encountered in free living dinoflagellates (1, 2, 3, 21 and 22).
As zoanthids contain large amounts of symbiotic dinoflagellate algae
known as zooxanthellae, it is tempting to speculate about the algal origin
of zoanthosterol (XI). Indeed, the cultured alga isolated from the Jamai-
can Z. sociatus furnished, together with the A® sterols I and II, a series
of 4z-methyl-5az-stanols (VII, VIII, IX, X, and XII) (13). But when
about 96% of the sterol mixture of the Brazilian Z. sociatus is composed
of sterols with a A% double bond, such compounds are completely
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absent from the sterol fraction produced by the cultured alga of the Ja-
maican zoanthid (13). As we already pointed out (12), this may indicate
biotransformations by the zoanthid of an algal precursor, a modification
of the algal metabolism when separated from the zoanthid host or differ-
ent geographic strains of symbiotic algae. Such loca] variations have been
reported (16) for the symbiotic algae isolated from the =zoanthids
Palythoa mammilosa and Protopalythoa grandis, both collected in the
Bermudas and in Jamaica.

7. The fact that only Z. sociatus contains 4z-methyl stanols, pro-
bably of algal origin, raises intriguing biological questions concerning the
associated zooxanthella. From the four Zoanthus species investigated by
SCHOENBERG & TRENCH (16), i.e. Z. dubius, Z. pulchellus, Z. sociatus
and Z. sp, only Z. sociafus yielded a wviable culture of the zooxanthella
Symbiodinium microadriaticum, which furnished sterols VII, VIII,
IX, X and XII (13). Biological and/or chemical comparison of this
associated alga with the cultured zooxanthella from another Zoanthus
species 18 thus presently impossible. But it was observed that the strain
of zooxanthella isolated from Z. sociatus showed very low affinity with
the associated algae of any other marine invertebrate, even with symbio-
tic algae strains obtained from zoanthids of the genera Palythoa and
Protopalythoa (16). Whether this observation might explain the oecur-
rence of 4z-methyl-5z-stanols only in Z. sociatus and in its associated sym-
biotic alga is still questionable.
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RESUMO: Estudos de Invertebrados Brasileiros do Mar. IX.
Estudo Comparativo de Esteréis de Zoantideos 1. O género
Zoanthus. A composicio em esterois de duas espécies de Zoanthus
foi analisada e comparada com resultados da literatura Zoanthos-
terol (4a-metila-ba-ergosta-24(28)-eno-38-0l), um novo esterol do
mar, foi obtido a partir de Z. sociatus. Implica¢des biolégicas sio
discutidas.

PALAVRAS-CHAVE: zoantideos *, Zoanthus sp, Zoanthus sociatus,
composi¢ao em esterois *, colesterol, chalinasterol, brassicasterol,
zoanthosterol *, zooxantela,
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Ptlerobothrium, plerocercos : 239
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Theraphosinae 167

Trasyphoberus parvitarsis Simon, 903

468

: 153

+ 158



INDICE DE ASSUNTOS

escorpioes
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