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A Systematic Revision of the Central Atlantic
Halichondrida (Demospongiae, Porifera). Part II.
Patterns of Distribution of Secondary Metabolites

S.A. POMPONI, A.E. WRIGHT, M.e. DIAz, and R.W.M. VAN SOEST

Introduction

The order Halichondrida consists of poorly defined genera among which the
systematic relationships are not well understood. Based on a reevaluation of
morphological characters presently used to define halichondrid genera, a new
concept of the Halichondrida has been proposed by Diaz et al. (this Vol.).
However, many morphological characters previously considered diagnostic at
various taxonomic levels within the Halichondrida not only vary within taxa, but
also occur in nonhalichondrid taxa (Diaz et aI., this Vol.).

Biochemical characters provide an additional data set which can be used to
either corroborate or refute existing classifications based on morphological
criteria. Both primary metabolites, i.e., metabolic products essential to growth or
by-products ofcatabolism, and secondary metabolites, i.e., products synthesized
from intermediate and end products of primary metabolism and which have no
obvious role in cell metabolism (Stanbury 1988), have been used to elucidate
taxonomic relationships in the Porifera. These include sterols, nucleosides, amino
acids, .carotenoids, fatty acids, terpenes, acid mucopolysaccharides, and
brominated compounds (Bergquist and Wells 1983; Lawson et al. 1984;
Liaaeri-Jensen et aI. 1982).

Certain halichondrid genera exhibit unusual patterns of distribution of
secondary metabolites with antifungal, antitumor, or antiviral activity (Kashman
et al. 1987; Wright et al. 1987), which we hypothesize could be useful as taxonomic
characters in our revision of the Halichondrida. The purpose of this study is to
examine patterns of distribution of secondary metabolites in representative
samples of halichondrid genera from the Central Atlantic and to evaluate their
usefulness as taxonomic characters. •

Methods

Samples were collected by the authors from the Bahama Islands, Belize,
Colombia, Venezuela, Mauritania, and the Netherlands (Table 1). Shallow
water samples (less than 40 m) were collected by wading, snorkelling, and scuba.
Deep-water samples (40-500 m) were collected by trawling or by the Harbor
Branch Oceanographic Institution (HBOI) Johnson-Sea-Link manned sub-
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Table 1. Halichondrid species and samples analyzed by TLC
~----------------

Species Sample TLC Depth SiteO VGIAC/BT"
Number Group" (m)

-------------

Halichondria
melanadocia 10-V-88-1-6 I I C

10-V--88-2-25 I 5 C
3-VI-88-3-4 I I V
7- VI-88-3-1 I 9 V
29-V-88-3--8 1 3 V
29-V-88-3-24 1 3 V
18-XI-85-2-7 I I Z
6- VI-88-3-14 2 2 V
29-V-88-3-21 2 3 V

Halichondria
panicea H-2 N

Halichondria
bowerbanki H-3 2 N

Hymeniacidon
perle vis H-4 3 N

Spongosorites
ruetzleri 22-II1-87-1-8 I 218 B Y/Y/Y

13-XI-87-1-1 I 157 B Y/Y/Y
15-111-87-1-8 2 461 B Y/Y/Y
24-VIIl-85-1-13 3 172 B N/N/Y
23-VIII-85-1-45 3 213 B N/N/Y
II-XI-87-1-14 3 148 B N/N/Y

Spongosorites afr.
S. ruetzleri 14-XI-87-1-8 4 165 B Y/Y/N

Spongosorites
sp. A 8-XI-87-2-3 5 480 B Y/N/N

22-II1-87-1-3 6 232 B Y/N/N

Topsentia
roquensis 2?~V-88-2-14 43 V

Topsentia
sp.A 24-VIII-85-1-31 160 B

2-VII-87-5-21 37 B
5-VII-87-3-8 30 B
IO-VII-87-5-: 37 B

Topsentia
sp. B 6-VII-87-2-8 37 B

Topsentia aff.
Halichondria 14-XI-87-1-27 58 B

Topsentia aff.
C. porrecta 9-XI-87-1-6 46 B

Coelocalypta
porrecta C-21 20 M

Petromica
ciocalyptoides 4-VI-88-1-3 2 15 V

4- VI-88-2-9 2 24 V

Epipolasis
sp. A 9-XI-87-1-2 357 B

9-XI-87-1-17 464 B
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Table 1. (Continued)

Species

Epipolasis
sp.A

Myrmekioderma
styx

Myrmekioderma
rea

Didiscus
oxeata

Sample
Number'

9-XI-87-1-18
16-XI-87-1-8

18-IlI-87-1-16
16-1II-87-1-18
18-IlI-87-3-14
18-1II-87-1-24
22-VI-87-2-2
28-V-88-2-17
28-V-88-4-10
29- V-88-1-14
17-1II-87-1-14
15- V-88-3-1
27-VI-87-2-3
II-IlI-87-3-8

4-VI-88-1-9
31-V-88-1-12
22-IlI-87-1-19
12-XI-87-3-13

8-VI-85-1-14
27-V-88-1-3

S.A. Pomponi et al.

TLC Depth Site" VG/AC/B1"
Group" (m)

352 B
337 B

J 76 B
I 82 B
I 55 B
I 51 B
1 37 B
I 43 V
I 43 V
I 30 V
I 62 B
2 18 C
2 21 B
2 20 B

3 15 V
3 18 V
3 76 B
3 65 B

4 4 B
4 21 V

CQ

a First three components of sample number are Day-Month-Year of collection. Samples H-l to H-4
were collected in winter 1987. Sample C-I was collected in July 1988.
bTLC Group refers to similarity of TLC patterns within the taxonomic grouping as presented in
Results. .
"Site codes: B-Bahamas, C-Colombia, M-Mauritania. N-Netherlands, V-Venezuela, Z-Belize.
d For Spongosorites species. the presence (Y) or absence (N) ofvermetid gastropods (VG), acrophobic
color change from yellow to black (AC), the compound bromotopsentin (BT).

mersibles. Voucher specimens are deposited at the Indian River Coastal Zone
Museum (HBOI).

Immediately after collection, 2 g subsamples were homogenized and ex
tracted in 100% ethanol (Pharmco) and the extracts stored at-20° C. Samples were
analyzed using thin layer chromatography, a technique for separating a mixture
of chemical compounds into various components. A solvent, or mobile phase,
carries the sample mixture through the sorbent, or stationary phase. Separation
occurs due to selective adsorption of the components of the mixture onto the
stationary phase. Polar compounds are retained on silica gel stationary phases
longer than nonpolar compounds. Polar mobile phases move compounds more
quickly than nonpolar mobile phases. The result is a series of separated bands,
spots, or zones on the sorbent which may be detected visually (in the case of
colored compounds), by physical methods (e.g., UV absorbance) or by chemical
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methods (e.g., spraying with specific reagents). Results can be quantified for
comparison by calculating a retention factor or Rf, which is defined as the ratio
ofthe distance a compound moves from the origin to the distance the solvent front
moves from the origin. For a complete explanation of TLC· methods, see
Touchstone and Dobbins (1978).

Prior to TLC analysis, extracts were dried and resuspended in 5% hep
tane-methanol at a concentration of 100 mg/m1. The sorbent was DC-Plastik
follen Kieselgel60 F254, 0.2 mm thinkness (EM Science). Plate size was lOx 20
em or lOx 10 em. Four solvent systems (of increasing polarity) were used: (A)
ethyl acetate/heptane (1: I); (B) ethyl acetate/methanol (9: I); (C) ethyl
acetate/methanol (99:1); (D) n-propanollethyl acetate/water (7:2:1). A l-Itl
sample was spotted by capillary tube at the origin. Plates were developed in
rectangularglass chambers. The length of development for solvent systems A-C
was 7 em while that of solvent D was 6 ern. Both physical and chemical detection
methods were used. Plates were viewed with ultraviolet light at 254 and 365 nm
and subsequently sprayed with a solution of 2 g vanillin (Aldrich) in 100 ml
concentrated sulfuric acid (CMS) followed by heating of the plate. For the
Spongosorites group, no heat was necessary to detect the components after
spraying with vanillin/H2S04 ,

Results

Halichondria and Hymeniacidon

Eleven specimens (three species) of Halichondria collected from shallow tem
perate and tropical waters could be divided into two groups with similar TLC
patterns (Table I). Group I, which consists of H. melanadocia and H. panicea,
contains components at Rf's of 0.8, 0.55, 0.0, and a minor component at 0.7
(solvent system A). Group 2, which consists ofB. melanadocia and H. bowerbanki,
is missing the component at Rf = 0.8, has a larger concentration at Rf = 0.7, and
an additional trace component at Rf = 0.5. Neither group has a suite of
compounds which could characterize the genus. The patterns of the major
metabolites are reminiscent of TLC patterns for sterols, which are ubiquitous
in the Porifera (Bergquist et a1. 1980). There are very subtle differences between
the two groups in the patterns of trace metabolites which cannot, however,
be correlated with species, depth, location, or time of collection of the samples
(Table I).

A single sample of Hymeniacidon perle vis was compared with the three
species of Halichondria. It exhibited an additional minor component in solvent
system D (detected by vanillin/H2S04 , heat) at an Rf of 0.05 but was otherwise
very similar to the Halichondria patterns. It is difficult to draw any conclusions
about relationships between the two genera based on this study as none of the
Halichondria or Hymeniacidon samples examined contained significant quan
tities of secondary metabolites in their crude extracts.
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Spongosorites

S.A. Pompon; et al.

Spongosorites species from the Mediterranean and West Indian regions have
been characterized biochemically by the presence of bromotopsentin or top
sentin, indole alkaloids (Bartik et aI. 1987) with antitumor and antiviral activities
(Tsujii et aI., 1988). Within the Spongosorites samples examined, there were six
different TLC groups/ patterns (Table I). Spongosorites ruetzleri exhibits three
very similar, but not identical, patterns of secondary metabolites. The major
metabolite in all of the S. ruetzleri is bromotopsentin which, in solvent system C,
is observed at an Rf ofO.78 as a bright yellow compound which fluoresces yellow
under long wavelength UV light (365 nm). Group I contains bromotopsentin and
a component observed at an Rf of 0.64 (system C) which fluoresces blue under
long wavelength UV. Group 2 contains bromotopsentin and a component which
fluoresces blue under long wavelength UV observed at an Rf of0.51 (system C).
Group 3 contains bromotopsentin, lacks the blue fluorescing compounds, but
has a short wavelength UV absorbing compound observed at an Rf of 0.65
(system C).

A single specimen of Spongosorites aff. S. ruetzleri is quite different from the
TLC patterns of S. ruetzleri in the lack of bromotopsentin. In solvent system C,
this sample contains a yellow fluorescing (long wavelength UV) compound at the
origin and two blue fluorescing components (long wavelength UV) observed at
Rf's of0.53 and 0.05 which slowly air oxidize to purple. This sample differed from
the typical S. ruetzleri in size (massive), color (brown-yellow), thickness of the
ectosome (thinner than in S. ruetzlerii, and spicule morphology (crooked oxea).

Two specimens identified as Spongosorites sp. A and distinguished from S.
ruetzleri on the basis of morphology (spherical), surface (papillate), and choan
osomal skeleton (which incorporates sand grains) differ biochemically from S.
ruetzleri as well as from each other. Neither sample contains bromotopsentin.
Sample 8-XI-87-2-3 contains very polar components which, in solvent system D
after visualization with vanillin/HjSO, and heat, appear as a large brown
component with an RF of 0.69, a smaller brown component at 0.48, and a
yellow-green component with an RfofO.63. Sample 22-II1-87-1-3, under the
same conditions, has two small brown components with Rf's of 0.75 and 0.55,
and an orange component ofRf = 0.62. The two samples are morphologically
similar. They differ in depth and season of collection (Table I) but with the
small sample size (n = 2) it is not possible to correlate the different TLC pat
terns with environmental variables.

TLC patterns may be useful at both the specific and generic levels within the
Spongosorites group, particularly if the minor intraspecific differences in TLC
patterns can be correlated with environmental (e.g., depth), biological (e.g.,
sym biotic associations), and / or morphological (e.g., color) factors. For example,
samples of S. ruetzleri in TLC groups I and 2 have vermetid gastropods and an
aerophobic color change from yellow to black. Group 3 samples have neither
vermetids nor aerophobic properties (Table I).
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All specimens of Topsentia showed similar or identical TLC patterns. The
secondary metabolites are quite polar and do not migrate in the less polar solvent
systems A-C. In the most polar solvent system D, there is a characteristic pattern
of metabolites: a purple component at an Rf of 0.83, maroon at 0.62, yellow at
0.48, and purple at 0.39 (visualized by vanillin/H2S04 , heat). Coelocalypta
porrecta is quite similar to the Topsentia species except that it has a lower
concentration of all the metabolites. Since this genus is monotypical, a merging
with Topsentia may be considered. Petromica (a senior synonym of Monanthus)
ciocalyptoides has some similarities to Topsentia but also contains non-polar
metabolites at Rf's of 0.74, 0.64, and 0.5 in solvent system A (visualized by
vanillin/H2S04 , heat). TLC patterns are useful at the generic level within this
group.

Epipolasis

Four specimens of Epipolasis sp. A were compared. The samples, all collected
from depths of335-450 m in the Bahamas (Table 1), show the same TLC pattern
of purple compounds at Rf = 0.68 and at the origin (solvent system A), but the
metabolites are not present in sufficient quantity to enable comparisons with
other genera using TLC.

Mynnekioderma and Didiscus

Perhaps the most interesting TLC patterns were found in Myrmekioderma styx
and Didiscus oxeata. Two distinct TLC patterns emerged in Myrmekioderma styx,
corresponding quite clearly with depth (Table 1). All samples collected from
depths greater than 30 m had four major components which were separated in
solvent system A: a purple component at Rf = 0.8, a blue component at 0.7, an
aqua component at 0.67, and a purple component at 0.44 (visualized with
vanillin/H2S04 , heat). All samples from depths shallower than 20 m, regardless of
geographic loca tion, under the same chromatographic conditions, had one major
purple component at Rf = 0.67 and two minor fluorescent components at Rf's of
0.79 and 0.54. There were no samples analyzed from depths between 20 and 30 m.
Deep-water samples of M. styx contain reiswigin, a diterpene with antiviral
activity (Kashman et al. 1987) but it is not known at this time ifreiswigin is one
of the compounds detected by TLC.

Myrmekioderma rea contains only trace metabolites at Rf = 0.63 and at the
origin in solvent system A, so we cannot draw any conclusions about the
relationship of this species with M. styx or with other halichondrids based on
secondary metabolites. The TLC patterns were identical in both shallow-water
(15-18 m) and deep-water (65-76 m) specimens.
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Didiscus oxeata, although indistinguishable from M. styx in the field, is quite
different chemically. It has two major metabolites which, after visualization with
vanillirr/Hvb'O, and heat, are observed as characteristic red-pink spots at Rf =
0.45 and 0.77 (in solvent system A). Didiscus oxeata contains the unique
sesquiterpene phenols curcuphenol and curcudiol which have antifungal activity
(Wright et al. 1987). These compounds are not known to occur in any other
sponges and are diagnostic for this species. We have not examined other species
of Didiscus.

Discussion

Of the samples analyzed, the Halichondria species, Hymeniacidon species,
Epipolasis species, and Myrmekioderma rea produce only trace amounts of
secondary metabolites and are, therefore, not amenable to chemotaxonomic
analysis by thin layer chromatography. Novel isocyanide-containing compounds
have been reported for Hymeniacidon amphilecta and the axinellid A canthella sp.
(Faulkner et al. 1979; Wratten et al. 1978). Oroidin-type compounds have been
reported for Hymeniacidon aldis and three other axinellid species (Cimino et al.
1982; Kitagawa et al. 1983).Careful screening for these compounds (as suggested
by Bergquist and Wells 1983)may clarify phylogenetic relationships between the
Halichondrida and some Axinellida genera.

A suspected relationship between Topsentia, Coelocalypta, and Petromica
based on morphological analyses of this group (Diaz et al., this Vol.; Van Soest
et al. 1990) is supported by TLC patterns of secondary metabolites.

The two unique TLC patterns of Myrmekioderma styx are useful to distin
guish deep-water from shallow-water populations of the species. This was the
only case in which biochemical variation could be clearly correlated with an.
environmental variable (depth). The secondary metabolites found in M. styx
could not be shown in M. rea, so they may only be useful at the species or"
subspecies level. Didiscus oxeata, although very similar morphologically to
M. styx except for microsclere complement, is quite distinct in its produc
tion of secondary metabolites. More species of Didiscus need to be examined
to determine if the unique phenols are diagnostic at the generic or specific
level.

Caution must be exercised when trying to analyze taxonomic relationships
based on patterns of secondary metabolites. The occurrence or patterns of
distribution ofsecondary metabolites may be produced by epibionts, symbionts,
or other associated organisms, or as a result ofthe association (Bergquist and Wells
1983). They could be affected by environmental variables, or may represent
different phenotypic expression of the same genotype (Sole-Cava and Thorpe
1987). Careful subsampling to eliminate epibionts and other associated organ
isms, as well as sampling from a wide temporal, spatial, and depth range will
reduce ecological artifacts. Enzyme electrophoresis has been used to determine
levels of genetic variation in sponge populations (Sole-Cava and Thorpe 1987).
However, if the secondary metabolites are produced by the sponge and show a
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consistent distribution over a taxon, they can serve as a good synapomorphy and
thus determine that the taxon is monophyletic.

Although not of equivalent weight, patterns of secondary metabolites may
provide useful taxonomic criteria to supplement morphological character anal
yses in the halichondrid genera Spongosorites, Topsentia, Coelocalypta, Pe
tromica, Didiscus, and to a certain extent, Myrmekioderma. Although outside the
scope of the present study, we acknowledge the necessity for chemical charac
terization of the compounds detected by TLC analysis before they can be reliably
used as taxonomic characters. Such qualitative analyses are currently in progress
(by AEW) as part of a revision of the Halichondrida and reevaluation of the
relationships between this group and the Axinellida by Diaz, Pomponi, and Van
Soest.
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