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Abstract-Five separate collections of the tropical seaweed Stypopodium zonale were analysed for ten secondary 
metabolites using a combination of high performance liquid chromatography and proton nuclear magnetic resonance 
spectrometry. Shallow water populations from the Caribbean were found to possess similar metabolite profiles from 
year to year and from widely diverse locations. Stypopodium zonale from the South Pacific (Palau) contained similar 
structure types; however, the profile was qualitatively and quantitatively dissimilar to the Caribbean algae. A deep water 
Caribbean form of S. zonale was found to contain two metabolites, epitaondiol and 6a_desmethyl-6-acetylatomaric acid, 
not observed in the other extracts. This latter population is morphologically and anatomically distinct from the other S. 
zonale Caribbean populations. 

INTRODUCJ’ION 

As a class, terpenoid metabolites are useful chemotaxo- 
nomic markers because of their structural complexity and 
unique biogenetic origins. While numerous terpenoid 
variation studies have been described with terrestrial 
plants, only a few investigations of terpenoid variation in 
marine plants have been reported. Analyses of the halo- 
terpenoids from red algae of the genera Laurencia [l-3] 
and Plocamium [4, S] have been reported using TLC, 
HPLC, GC and GC/MS methods. Further, a chemotaxo- 
nomic investigation of the diterpenoids from Cystoseira 
elegans using GC/IR has been recently reported [6]. 

Over the past 3 years we have been investigating the 
unique natural products chemistry of the brown seaweed 
Stypopodium zonale (Lamouroux) Papenfuss, an abun- 
dant tropical alga of the family Dictyotaceae. The mixed 
biogenesis metabolites of S. zonale (I-10). which comprise 
the majority of the lipid extract, are naturally excreted into 
seawater [7, 81 and, collectively, they show considerable 
activity in our fish toxicity assay. As a consequence of our 
numerous collections of this seaweed from different 
locations and years, we have observed morphological and 
chemical variations to exist between different popu- 
lations. To more rigorously ascertain the nature of these 
differences and to further explore the concept of chemical 
variation in the marine environment, we have employed 
the combined techniques of light microscopy, TLC, 
HPLC and high resolution ‘H NMR spectrometry. 

RESULTS AND DISCUSSION 

Chromatography of the crude extracts of S. zonale 
using normal phase silica HPLC provides a rapid method 
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for the analysis of the numerous metabolites (I-10) in 
these collections. A two-fold identification procedure, 
HPLC retention time (p-Porasil silica gel) and high 
resolution ‘H NMR analysis of the collected fractions, 
provided unambiguous identifications of these metab- 
olites when compared with our earlier spectrochemical 
work [7, 81. Further, recovery of the HPLC separated 
compounds provided material for ichthyotoxicity testing 
and the structure assignments of the new compounds 4 
and 7 [8]. Several specific comparisons of the qualitative 
and quantitative variations in S. aonale chemistry are 
made below. 

Belize samples (B-77, B-79-52) 

Two Belizean samples collected from the same shallow 
water location in 1977 and 1979 contain the same 
metabolites and in roughly the same proportions (Figs 2a, 
2b). Stypoldione (lo), an oxidation product of the major 
metabolite stypotriol (9), appears minor in these HPLC 
traces due to its instability in the presence of activated 
silica gel. However, by TLC, roughly equivalent propor- 
tions of 10 were observed in these two collections. 
Therefore, secondary metabolite production is a relatively 
constant feature from year to year within this shallow 
water population of S. zonale. 

Florida Keys, Belize and south Pacific samples (F-80, B-79- 
52, P-79-50) 

The HPLC traces of the Florida collection and shallow 
water 1979 Belize collection are nearly superimposable 
(Figs 2b, 2c). That these distant populations (700 miles 
apart) of S. zonale possess the same secondary metabolite 
chemistry in both qualitative and quantitative senses 
suggests that this feature is constant within shallow water 
Caribbean populations. By contrast, the 1979 Palau 
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Fig. 1. Structures of S. zonale metabolites l-10. 

collection is both qualitatively and quantitatively dis- 
similar to any of the Caribbean collections, yet still 
possesses the mixed biosynthetic type of chemistry 
(Figs 2b-2d). This latter feature strongly supports pre- 
vious taxonomic evaluations of this south Pacific 
seaweed [9]. 

Shallow and deep water Caribbean samples (B-79-52, B-79- 

53) 

The deep water form of S. zonale from Belii contains a 
higher proportion of taondiol(8) than the shallow water 

form. Additionally, it contains two natural products, 4 
and 7, which were not present in the extract of the shallow 
water form. Compound 7, epitaondiol, was reported in 
our earlier work [S] whereas metabolite 4,6a_desmethyl- 
dacetylatomaric acid, is tentatively assigned here as a new 
metabolite of S. ronale. 

The ‘HNMR spectrum of chromatography peak 4 
from the deep water Belixean collection (B-79-53) in- 
dicated this to be a new metabolite closely related to the 
known compound atomaric acid (3) [lo]. The key dif- 
ference was the absence of a 3H singlet at 63.72 assigned 
to the aromatic methoxyl group in a derivative (11) of 3 



Chemical variation in tropical seaweed 1281 

100 -5’ A 
AA%’ 

75 - 

AJJ 
/ 

1 
25 - 

c 

I I I 
IO 15 20 

Time (min) 

(b) 
100 - 

25 - 

IOC 

7: 

2: 

100 

Time (min) Fig. 2. (a-d) 

25 

j- 

I- 

S- 

( 

J 

I I I 1 
1 5 

Time crnir? 
I5 

I I I I 
0 5 IO I5 

Time (min) 



1282 W. H. GERWICK et al. 

/ 
I- 

i- 

te) 

E 

0 5 
Time Cmir? 

15 

Fig. 2. HPLC traces of different collections of S. zonafe; (a) 
Belize. shallow water 1977 (B-77); (b) Belize shallow water 1979 
(B-79-52); (c) Florida Keys 1980 (F-80); (d) Palau, Micronesia 
1979 (P-79-50); (e) Belize deep water 1979 (B-79-53); for con- 

ditions see Experimental. 

[lo]. This singlet was replaced in 4 by a 3H singlet at 
52.26, assigned to an aromatic acetate methyl group. This 
conclusion was confirmed by the presence of an additional 
carbonyl absorption in the JR spectrum of 4 (vcoo 
171Ocm-‘). The position of the aromatic acetate was 
evident from a consistent downfield shift in the two 
aromatic protons CS6.85 (lH,d,J = 2 Hz)and 6.78 (lH, d, 
J = 2 Hz)] relative to atomaric acid [66.68 (lH, d, J 
= 3 Hz) and 6.43 (1 H, d, J = 3 Hz)]. These data indicated 
the acetoxyl substituent to be placed at C-6 [l 11. Based on 
these data, the structure of 4 is suggested as Q-desmethyl- 
dacetylatomaric acid. 

The significant variations in secondary metabolites 
between shallow and deep water Belizean populations of 
S. zonule prompted a more detailed morphological and 
anatomical investigation of our S. zonale collections [ 121. 
Belizean plants from deep water (B-79-53) were much 
thinner and the thalli smaller in overall size (up to Scm), 
while those from shallow water (B-77, B-79-52) were 
thicker, larger in overall size (up to 2Ocm) and more highly 
iridescent. Examination of these two in transverse and 
longitudinal cross-section revealed that the shallow water 
form is consistently thicker (up to 480pm) with a higher 
cortical cell-medullary cell ratio (4: 1) than the deep form 
(up to 165 pm, 2-4: 1 ratio). Shallow water plants from 

Table 1. Ichthyotoxicity of metabolites l-10 to 
beau gregory damsel fish (E. leucostictus) and 

goldfish (C. auratus) 

Eupomacentrus Carassius 

Compound leucostic~us+ auratusf 

1 N N 
2 N - 
3 N NE 
4 - NE 
5 H H 
6$ T - 
7 H 

B 
N N 
T - 

lo$ T T 

*All compounds at 10 pg/ml seawater. 
t All compounds at 100 pg/ml fresh water. 
I&e text for minimum lethal doses for death 

within 1 hr. 
N, Narcosis; H, hyperactivity; T, toxic; NE, no 

effect; blank, not tested. 

Florida (F-80) were 7-10 cm tall and were 200-350 pm 
thick, while those from Palau (P-79-50) were 5-7 cm tall 
and 200-375 p thick. Thus, the deep water Belizean 
collections are chemically and anatomically distinct from 
our other Atlantic and Pacific collections. Taxonomic 
conclusions must be limited, however, until comparisons 
of reproductive material from these shallow and deep 
water populations can be made. 

The combined spectral and chromatographic methods 
reported here clearly show that all S. zonale collections 
possess metabolites of the same mixed biosynthetic origin. 
However, quantitative and qualitative variations were 
commonly observed. Stypoldione (lo), the oxidation 
product of the major metabolite (9), was observed by TLC 
in all collections, although it appeared more major in B- 
77, B-79-52 and F-80 relative to the B-79-53 and P-79-50 
collections. 

Samples of the purified metabolites l-10, provided 
from our earlier investigations [7, 81 and obtained by 
chromatography here, were tested for ichthyotoxicity 
using beau gregory damsel fish (Eupomacentrus leucostic- 
tus) and common goldfish (Carassius auratus, Table 1). 
It was our goal to consider these chemical results in the 
light of the ecological principles of chemical defence in 
tropical marine environments. Therefore, it is noteworthy 
that the three strongly ichthyotoxic metabolites (6, LD 

< 10 pg/ml; 9, LD < 0.2 pg/ml; 10, LD < 1 .O pg/ml) form 
roughly 6% of the crude extract. This is equivalent to 
0.5 % (8 g/l.4 kg) [8] of the dry wt or roughly 0.08 % of 
the wet wt (assuming dry wt is 30% hydrated and fresh 
alga is 90 % water) of the alga. Therefore, 1 g of fresh algal 
tissue contains ca 800 pg of these ichthyotoxins, a poten- 
tially lethal dosage to grazing fish. These results, combined 
with our earlier field observations that this seaweed grows 
luxuriantly in herbivore-rich environments, suggest that 
these compounds function in nature to deter herbivory 
c131. 

EXPERIMENTAL 

General. The algae were collected by hand using scuba 
equipment and stored in iso-PrOH at cool temps (O”-15”). 
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Material for light microscopic investigations was stored in 5 % 
formalin in sea water and voucher material is deposited in the 
National Herbarium at the Smithsonian Institution. 

Three separate collections of S. zonale were made from near 
Carry Bow Cay, Belize, one in April 1977 (B-77) and two in April 
1979 (B-79-52 and B-79-53). The B-77 and B-79-52 collections 
were made from the ‘North Channel’ in 3-8 m water depth, while 
sample B-79-53 was obtained from the ‘outer dropoff’ in 
1625 m water depth. Sample P-79-50 was collected from the ‘Sar 
Passage’ in Palau, Micronesia in Sept. 1979. The water depth at 
the site of collection was between 6 and 10 m. Sample F-80 was 
obtained from Looe Key in the western Florida Keys at a water 
depth of 9-13 m in July 1980. 

computer). Spectra were compared with those obtained for the 
previously reported pure metabolites of S. zonale [7, 83. All 
spectra were obtained with samples dissolved in CDC& contain- 
ing 0.5 % TMS (60) as an int. ref. 

6a-Desmethyl-6-acetylatomcrric acid (4). HPLC, as indicated in 
the text, gave pure 4 as a crystalline solid: ‘H NMR (360 MHz, 
CDCl,):66.85(lH,d,J = 2Hx),6.78(lH,d,J = 2Hz),3.87(lH, 
d, J = 13 Hz), 2.26 (3H, s), 2.21 (3H, s), 1.0-2.48 (15H, m), 1.67 
(3H, s), 1.65 (3H, s), 1.12 (3H, d, J = 7 Hz), 1.01 (3H, s), 0.92 (3H, 
s); IR~~~~~t~crn-~: 3450, 2950, 1740, 1710, 1460, 1380, 1190, 
1040,910. 

All collections were extracted in an identical fashion. Filtration 
of the storage solvent, iso-PrGH, yielded a nearly dehydrated 
algal cake which was homogenized and steeped in 
CHCl&IeOH (1: 1). The filtered CHCl,-MeOH extract was 
added to the previously decanted iso-PrOH and the organic 
solvents removed in uacuo. The resultant wet extract was 
partitioned between CHCls and saturated brine and the aq. layer 
discarded. The CHC& was dried over dry MgSO,, filtered, and 
then removed in vucuo to yield in each case a dark green tar. The 
dried organic extract, dissolved in Et,O, was stored at - lo”. 
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