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Abstract—The red alga Cystoclonium purpureum was found to contain a-carotene, plastoquinone-9, trans-phytol,
ubiquinol-9, lutein and fucoxanthin. The composition of the antibacterial fatty acid fraction was determined by

GC/MS.

INTRODUCTION

An extract of the previously uninvestigated red alga
Cystoclonium purpureum exhibited strong antibacterial
activity. We now report our findings on its chemical
constituents.

RESULTS AND DISCUSSION

Cystoclonium purpureum, collected at Lepreau Ledges,
New Brunswick, was extracted with methanol ina Soxhlet
apparatus and the chloroform soluble portion of the
evaporated methanol extract subjected to silica gel CC.

Following elution of free sterols, a fatty acid fraction
was obtained which showed significant antibacterial ac-
tivity in disc diffusion assays. This mixture was frac-
tionated by reversed phase prep. TLC and three fractions
(F1, F2 and F3) displayed significant antibacterial activity
(Table 1) while the others (F4, F5 and F6) did not. The
fatty acid fractions on treatment with ethereal di-
azomethane provided the corresponding methyl esters
which were analysed by GC/MS, the results of which are
summarized in Table 2. Examination of the six acid
fractions revealed that they were, for the most part,
complex mixtures with considerable overlap of
components.

In a recent report [1] on the antibacterial acids
from the diatom Navicula delognei we have noted the
presence and antibiotic activity of (6Z2,9Z,12Z,15Z2)-
hexadecatetraenoic and an ester of the known antibiotic
(5Z,8Z,112,14Z,17Z)-cicosapentaenoic acid. Present in-
dications are that several cis polyunsaturated acids are

responsible for the antibacterial activity of the C. pur-
pureum extract.

EXPERIMENTAL

General. "H NMR spectra were recorded at 200 MHz using
TMS as int. standard. An HPLC unit equipped with an
absorbance and a refractive index detector, employing a p-porasil
column was used for HPLC purification. Analytical and prep.
TLC were performed with precoated silica gel G (Kieselgel 60, F-
254) and reverse phase (KC,,F) plates. GC/MS analysis was
carried out on a quadrupole EI-Cl system at 70 eV, employing an
SP-2330 (30 m) column at 40-160° (10°/min), 160-200° (5°/min)
and 14 psi.

Fresh C. purpureum Batters (2.3kg wet wt), collected at
Lepreau Ledges, New Brunswick (May 1983), was finely chopped
and immersed in MeOH for 2 hr and then extracted in a Soxhlet
for 48 hr. The extract was concd under red. pres. and the residue
(19 g) dissolved in H;O (250 ml) and extracted with CHCl, (3

x 250 mi). Removal of CHCl, yielded a dark green solid (12.5 g},
which was subjected to CC on silica gel G (250 g) eluting with
hexane, hexane-EtOAc, CHCl; and CHCl,~-MeOH mixtures in
sequence. Fractions were monitored by TLC, combined and
purified by prep. TLC and HPLC. In order of elution, the
following compounds were obtained and identified by com-
parison of their spectral and physical characteristics with litera-
ture data: a-carotenc [2] (0.069 g), plastoquinone-9 [3,4]
(0.044 g, purified by prep. TLC and HPLC with 3% EtOAc in
hexane), trans-phytol [5] (0.108 g}, and ubiquinol-9 [6-8)
(0.021 g, purified by HPLC with 1 9, MeOH in CHCl,). Further
elution provided free sterols (0.755g), fatty acids (0.828 g,
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Table 1. Antibacterial assay® results for fatty acid fractions from

Cystoclonium purpureum
Fractions

Organism (source) F1 F2 F3 Controlt

Enterobacter cloacea — — + +++9
(ATCC 23355)

Escherichia coli — ++§ — +++9
(ATCC 25922)

Klebsiella pneumoniae +3 + ++ + 4+
(ATCC 13883)

Proteus vulgaris +++ ++ — ++ +°*
(ATCC 13315)

Salmonella typhimurium + — + +4++9
(ATCC 14028)

Serratia marescens —_ — ++ 4| +++tt
(ATCC 8100)

Staphylococcus aureus +++ + ++ +++9
(ATCC 25923)

Staphylococcus epidermis  + + ++ ++ +++9

(ATCC 12228)

* Disc diffusion assay using 1.5 mg test fraction per standard 1,2 in disc.
tControl antibiotic 0.1 mg per standard 1/2in disc.

$ + Zone of inhibition noticeable.

§ + + Zone of inhibition > 2 mm.

||+ + + Zone of inhibition >4 mm.

9 Ampicillin.

**Tetracycline.

t+Chloramphenicol.

Table 2. GC/MS analysis* of methyl esters of free fatty acids from Cystoclonium purpureum

Fractions
M1 Acid (as Me ester) F1 F2 F3 F4 F5 F6
214 dodecanoic 1
242 tetradecanoic 15 50
270 hexadecanoic 27
268 (11Z)-hexadecenoic 80 18
268 hexadecenoic 20 10
266 (7Z,10Z)-hexadecadienoic 2 10 1
266 (9Z,12Z)-hexadecadicnoic 15 40 4
264 hexadecatrienoic 45 2 2
296 (10Z)-octadecadienoic 5
262 hexadecatetraenoic 10
294 octadecadienoic 7 2 <1 2
292 (6Z,9Z,12Z)-octadecatrienoic 1
292 (9Z,12Z,15Z)octadecatrienoic 2 20 1
290 octadecatetracnoic 7 4 4
318 (5Z,82,11Z,14Z)-cicosatetracnoic 22
287 (318 —31)  eicosatetraenoic 5 50
316 eicosapentaenoic 60
316 eicosapentaenoic 6 S
316 cicosapentacnoic 3 5
316 eicosapentaenoic 5
316 eicosapentaenoic 3

* Assignments are based on comparison with library search data. 'H NMR data support assignment of Z
configuration.
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purified by reversed phase silica gel prep. TLC with 109, CHCl,
in MeCN to provide F1, F2 and F5 and with 10, H,O in MeCN
to provide F3, F4 and F6) and lutein [1, 9] (0.047 g purified by
prep. TLC with 209, EtOAc in hexane), followed by fucoxanthin
[10] (0.328 g, purified by prep. TLC on silica gel with 409
EtOAc in hexane).
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Abstract—Vesuvianic acid, which was previously isolated from Stereocaulon vesuvianum var. pulvinatum without a full
elucidation of structure, has now been isolated from S. alpinum. More detailed spectral investigation indicates that
vesuvianic acid, which was previously believed to be a new depsidone, is an ethyl ether of stictic acid which itself may be

an artefact produced during extraction.

INTRODUCTION

Depsides and depsidones constitute the largest class of
secondary metabolites derived from lichens [1]. Both
types of compounds are diphenyl esters, but depsidones
also contain a diphenyl ether linkage. Through our
present work, which has involved analysis of the chemistry
and biological activity of lichens indigenous to Iceland, it
has come to our attention that the stability of depsides
during extraction with chloroform can be threatened by
traces of alcohol present as stabilizer. These findings have
been discussed in a previous publication [2].

The isolation of vesuvianic acid from Stereocaulon
vesuvianum var. pulvinatum was previously reported in

*Present address: Department of Pharmacy, University of
Iceland, 101 Reykjavik, Iceland.

1977 [3]. Owing to lack of material, NMR data was not
obtained and thus a complete structural elucidation could
not be accomplished. However, on the basis of mass
spectral, IR and UV data it was considered to be a novel
depsidone. During work on S. alpinum we have now
isolated a compound apparently identical with vesuvianic
acid. The structure elucidation of this compound forms
the basis of the present communication.

RESULTS AND DISCUSSION

Extraction of dried S. alpinum with petrol followed by
chloroform allowed the isolation of a compound having
identical mass spectral properties with those of vesuvianic
acid [3]. IR and UV data were also comparable and were
characteristic of a y-lactonic depsidone. '>C NMR,
'H NMR and mass spectral data all implied the presence



