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One hundred sixty genera of marine algae, invertebrates and tunicates represented in Atlantic
Canadian waters are known to contain chemically uncharacterized bioactive metabolites of poten-
tial chemotherapeutic or marine-ecological interest. These include antiviral, antifungal, antibacteri-
al, antitumor, cytotoxic, cardiovascular, hormonal, antifeedant, chemorecognition, chemoattrac-
tant, and ichthyotoxic principles.

Cent soixante genres d’algues marines, d’invertébrés et de tuniciers, représentés dans les eaux
de FAtlantique canadien, contiennent des métabolites bioactifs non caractérisés chimiquement.
Ces métabolites ont un intérdt potentiel en chémothérapie on en ecologie marine. On y retrouve
des principes antiviraux, antimycophytes, antibactériels, antitumoraux, cytotoxigues, cardiovascu-
laires et hormonaux, des répresseurs alimentaires, des substances de reconnaissance et d’attrac-
tion chimiques ainsi que des toxines ichthyospecifiques.

introduction

At present marine organisms are being viewed as potential sources of new
biologically active (bioactive} products. This interest is based on three areas of
research:

Marine pharmacology

Fleming's discovery of penicillin (1929), and the subsequent successes of
screening programs for novel systemic antibiotics in culture media of fungi and ac-
tinomycetes, inspired pioneering surveys for antibacterial principles in seaweeds,
unicellular algae and marine animals (Pratt et al. 1951; Kamimoto 1955, 1956;
Chesters & Stott 1956; Roos 1957; Allen & Dawson 1960; Li 1960; Jorgensen &
Steemann Nielsen 1961). Such studies were eventually expanded to encompass
more organisms and bioassays, and beginning in the 1960s gave rise to phar-
macologically oriented reviews {Der Marderosian 1969a; Grant & Mackie 1977;
Kaul 1979), monographs (Baslow 1969; Hashimoto 1979), and symposia (Nigrelli
1960, 1962; Freudenthal 1968; Youngken 1960; Webber & Ruggieri 1976; Kaul &
Sindermann 1978; Hoppe et al. 1979; Fuhrmann & Jacobs 1981). It is probable that
the recent appearance of literature on the traditional medicinal and religious utiliz-
ation of marine plants and animals by indigenous cultures of China, Japan, south-
east Asia, India, Hawaii and elsewhere (Anon. 1978; Diaz-Piferrer 1979;
Hoppe 1979; Misra & Sinha 1979; Nisizawa 1979) will stimulate these investiga-
tions.

Marine biology and ecology

The production of antibacterial or autoinhibitory substances by phytoplankton
has been known since the early days of culture studies (e.g. Waksman et al. 1937;
Levring 1945; Harder & Oppermann 1953). A growing awareness that marine orga-
nisms face special biological problems {chemoreception, detoxification, predation,
fouling, reproduction, nutrition, symbiosis, competition), and the development of
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theories of response and adaptation which emphasize chemical mediators (Nigrelli
1958; Lucas 1961), have promoted ecologically oriented studies of bioactive
marine natural products (Green 1977; Herring 1979; Bakus 1981).

Taxonomy and phylogenetics

Modern concepts of taxonomy and phylogenetics (Copeland 1938; Whittaker
1969; Ragan & Chapman 1978; Margulis & Schwartz 1982) are placing increasing
emphasis on the great phyletic (hence, potentially, chemical: Phinney 1969) diver-
sity of “/lower’”’ marine organisms which formerly were considered often as merely
underdeveloped members of the two great (and largely terrestrial) kingdoms
of Animals and Plants.

These parallel fields have motivated large-scale surveys for bioactive principles in
marine organisms. Many diverse and chemically unique natural products exhibit-
ing antiviral, antifungal, antibacterial, antitumor, cytotoxic, cardiovascular and
other bioactivities have been characterized (Wright 1984). In addition, there exist
numerous reports of biological effects produced by chemically uncharacterized
metabolites of marine organisms.

The present paper reviews chemically uncharacterized bioactivities which have
been reported in genera of marine organisms represented in Atlantic Canadian
waters (Table 1}. Excluded were prokaryotes, vascular plants (see Harrison 1982),
chordates (except tunicates), and complex assemblages of species such as the
dinoflagellate-containing sea anemone Zooanthus (Welch 1962). The inclusion of
phytoplankton genera occurring in the area in question was necessarily com-
plicated by a number of hydrographical, physiological (e.g., salinity tolerance) and
taxonomic variables. Therefore, all marine or saline-tolerant phytoplankton genera
were included in the compilation, whether or not they have been reported
specifically from the northwest Atlantic. Authorities consulted for lists of marine
flora and fauna of Atlantic Canada include Lambe (1896), Whiteaves (1901), Taylor
(1957), MacFarlane & Milligan (1965), Gosner (1971), Marine Research Associates
(1973), South (1976}, Caddy et al. (1977), Linkletter et al. (1977), and Wilson et al.
(1979). A few important genera of benthic organisms represented in the Gulf of
Maine but not reported from Atlantic Canada have also been included.

The bioactivities listed here include a wide range of antibiotic, pharmaceutical,
allelopathic and ectocrine activities. All relatively unambiguous examples of hor-
mones, internally active growth- or reproductive regulators, antigens (e.g., Yazy-
kov 1966), vitamins, chelators, general nutrients, odor- or taste-factors, and en-
zyme activities were excluded. Also excluded, with some reservations, were the
numerous cases in which a certain bioactivity has been ‘explained’’ by reference
to a known compound or group of compounds; in many such instances the cause-
and-effect relationship itself and/or the chemical identification of the compound(s)
is incomplete or unconvincing. Finally, numerous ecological cbservations, such as
the frequent association of Polysiphonia lanosa and Ascophyllum nodosum, or spe-
cies succession in phytoplankton blooms, have been excluded for the most part
owing to a lack of sufficiently specific information on the chemical mediators in-
volved. Even after these exclusions, a lengthy list of uncharacterized bioactivities
remains, and this undoubtedly represents only a small fraction of the largely un-
tapped potential of marine bioactive compounds.
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Achnanthes
Aeolidia
Alaria
Amphidinium
Antithamnion
Ascidia
Ascophyllum
Asterias
Asterionella
Audouinella
Aurelia

Bacillaria
Bacteriastrum
Balanus

Bangia
Bolinopsis
Bonnemaisonia
Bryopsis
Buccinum
Bugula

Callithamnion
Cancer
Carcinus
Caudina
Ceramium
Chaetoceros
Chaetomorpha
Chattonella
Chliorella
Chondria
Chondrus
Chorda
Chordaria
Ciona
Cladophora
Cliona
Cocconeis
Cochlodinium
Codium
Colpomenia
Coolia
Corallina
Crassostrea
Cryptomonas
Cucumaria
Cyanea
Cyclotella
Cystoclonium

Dasya
Dentonula
Desmarestia

106
111

96
90
115
95
115
104
86
110

105
107
113

85
111

86
103
111
110

111

107

RAGAN

Dictyosiphon
Dilsea
Dumontia
Dunalielia

Ectocarpus
Emiliana
Enteromorpha
Epizoanthus

Fragilaria
Fucus
Furcellaria

Gelidium
Gigartina
Gloiosiphonia
Goniotrichum
Gonyaulax
Gracilaria
Grammatophora
Griffithsia
Gymnodinium
Gymnogongrus
Gyrosigma

Halecium
Halichondria
Haliclona
Halopteris
Halosaccion
Hemiselmis
Henricia
Heteraulacus
Heterosigma
Hippasteria
Homarus

Isochrysis
Jania

Laminaria
Leptasynapta
Leptychaster
Licmophora
Lithodesmium
Lithothamnion
Littorina
Loligo
Lomentaria

Mediaster
Membranoptera
Mercenaria

93
89
89
99

93

100
110

104
95
87

86
a7
89
85
97

106
91

88
105

109
108
107
95
89
99
115
97

114
113

98
89

94
114
114
105
107

111
112
89

114
N
112
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Metridium 110 Protosiphon 100
Microciona 108 Prymnesium 98
Molgula 115 Ptilota 92
Monostroma 100 Pyrodinium 97
Mycale 108 Ralfsi
g alfsia 93
Mytilus m Rhabdonema 106
: Rhizoclonium 103
N
N;;;f:l#; : gg Rhizosolenia 107
Noctiluca 97 Rhodomela 92
Rhodomonas 99
Ochromonas 98 Rhodymenia 89
Octopus ) 112 Saccorhiza 94
Odonthalia 9 Scenedesmus 100
Olisthodiscus 98 Scrippsiella 97
Ostrea 111 Scypha 107
; Scytosiphon 93
Egt:;a\:;a gg Skeletonema 106
Pectinaria 113 So:?ster] ; 1 ;5
Pedicellina 113 Sphacelaria 2
Pellina 109 Spisula 112
Pentacta 114 Spongomorpha L
Phaeodactylum 105 S‘?Y"d'a . gl
Phakellia 109 StIChOCthSIS 98
Phycodrys 91 Stichococcus 100
Phyllophora 88 Stictyosiphon 93
Physalia 110 Strongylocentrotus 114
P"aye"a 93 Suberites 109
Plumaria 91 Tealia 110
Polyides 88 Tetraselmis 99
Polysiphonia 91 Thalassionema 105
Porphyra 85 Thalassiosira 106
Porphyridium 85 Thalassiothrix 105
Prorocentrum 97
Protoperidinium 97 Ulva 101

Notes:

1.

Despite one report, the occurrence of Gelidium in Atlantic Canada is doubt-
ful.

2. Halosaccion ramentaceum, occurring in Atlantic Canada, has now been re-
ferred to Devaleraea, while H. glandiforme remains in Halosaccion.

3. Rhodymenia palmata, occurring in Atlantic Canada, has now been referred to
Palmaria; Rhodymenia, in the current sense, may occur no closer than Massa-
chusetts.

4. P.sinuosa may be identical with P. rubens.

5. P. thuyoides may be referrable to the genus Pterosiphonia, which is not known
from Atlantic Canada.

6. Chlorococcales are typically fresh-water, but many strains are halotolerant.

7. Fresh-water species.

8. Codium spp., although not reported from Atlantic Canadian waters, have now
been reported in the Gulf of Maine.

9. Phakellia now referred to Cladocroce (Gosner 1971).,

10. Ostrea has recently been introduced for aquacuiture.
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Table il
bers refer to Table 1)

Fungi:

1 Alternaria kikuchiana

2 Aspergillus fumigatus

3  Aspergillus glaucus

4  Aspergillus niger

5  Aspergillus oryzae

6  Aspergillus parasiticus

7 Aspergillus sydowii

8 Candidaalbicans

9 Candida tropicalis
10  Colletotrichum gloeosporioides
11 Colletotrichum sp.
12 Bacillus subtilis
13 Bacterium coli (= Escherichia coli}
14  Brevibacterium sp.
15  Brucella melitensis
16  Citrobacter sp.
17 Clostridium botulinum
18  Clostridium chauvoei
19 Clostridium histolyticum
20 Clostridium oedematiens
21 Clostridium septicum
22 Clostridium sordellii
23 Clostridium tetani
24 Corynebacterium diphtheriae
25  Corynebacterium sp.
26  Diplococcus pneumoniae
27  Escherichia coli
28  Penicillium chrysogenum
29  Penicillium citrinum
30 Penicillium digitatum
31  Penicillium glaucum
32  Penicillium olivaceum
33 Penicillium sp.
34  Phoma tracheiphila
35  Pichia membranaefaciens
36 Piricularia oryzae
37  Rhizopus japonicus
38 Rhizopus oryzae
39  Saccharomyces cerevisiae
40  Saccharomyces pastorianus
41 Saccharomyces uvarum
42  Schizosaccharomyces pombe
43 Sporothrix schenckii
44  Trichoderma sp.
45  Trichophyton mentagrophytes
46  Trichophyton rubrum
47  Trichophyton tonsurans
48  Trichophyton sp.

Target organisms for antifungal and antibacterial bioactivities (num-

49  unidentified fungi
50 unidentified yeasts
Bacteria:

oo

1+

P od ot ok ot ok md o ad i ok
OOV NOUNMAWN-S QORI NOOTU bWk =

NN
N =

NN
e

Achromobacter parvulus
Achromobacter stationis
Achromobacter sp.
Achromobacterium sp.
Aerobacter aerogenes
Aerobacter cloacae
Bacillus agri

Bacillus anthracis

Bacillus cereus

Bacillus licheniformis
Bacillus megatherium
Bacillus mycoides

Bacillus pseudodiphtheriae
Bacillus pumilis

Bacillus subtilis

Bacterium coli (= Escherichia coli)
Brevibacterium sp.
Brucella melitensis
Citrobacter sp.
Clostridium botulinum
Clostridium chauvoei
Clostridium histolyticum
Clostridium oedematiens
Clostridium septicum
Clostridium sordellii
Clostridium tetani
Corynebacterium diphtheriae
Corynebacterium sp.
Diplococcus pneumoniae
Escherichia coli
Flavobacterium aquatile
Flavobacterium sp.
Hafina sp.

Klebsiella pneumoniae
Klebsiella sp.
Micrococcus flavus
Micrococcus luteus
Micrococcus lysodeikticus
Micrococcus pyogenes
Micrococcus sp.
Moraxella bovis
Mycobacterium avium
Mycobacterium phlei
Mycobacterium smegmatis
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39  Mycobacterium tuberculosis 65  Salmonella typhosa

40 Mycobacterium sp. 66  Sarcina lutea (= Micrococcus luteus)
41  Neisseria catarrhalis 67  Sarcina sp.

42  Neisseria caviae 68  Serratia marcescens

43  Neisseria flava 69  Shigella dysenteriae

44  Neisseria flavescens 69a Shigella flexneri

45  Neisseria perflava 70  Staphylococcus albus

46  Pasteurella multocida 71 Staphylococcus aureus

47  Plectridium tetani 72 Staphylococcus epidermidis

48  Proteus mirabilis 73 Staphylococcus peoria

49  Proteus morganii 74  Staphylococcus sp.

50  Proteus rettgeri 75  Streptococcus faecalis

51  Proteus vulgaris 76  Streptococcus lactis

52  Providencia sp. 76a Streptococcus pneumoniae

53  Pseudomonas aeruginosa 77  Streptococcus pyogenes

54  Pseudomonas aeruginospae 78  Vibrio algosus

55  Pseudomonas fluorescens 79  Vibrio anguillarum

56 Pseudomonas putida 80 Vibrio finckler

57 Pseudomonas pyocyanea 80a Vibrio sp.

58 Pseudomonas stereotropis 81  Welchia perfringens

59 Pseudomonas sp, 82 Xanthomonas sp.

60 Salmonella cholerae suis 83 unidentified marine bacteria

60a Salmonella entiritidis 84 unidentified coryneform bacteria
61  Salmonella gailinarum 85 unidentified enterococci

62  Salmonella pullorum 86 unidentified Gram-positive bacteria
63  Salmonella typhi 87  unidentified pathogenic staphylococci
64  Salmonella typhimurium 88 unidentified soil bacteria

89 unidentified '‘tubercule bacilli*’

Envol

The data presented above (Table I) illustrate some of the potential inherent in the
marine biological resources of Atlantic Canada. Organisms from many genera con-
tain antibacterial, antiviral, antitumor, cytotoxic or cardioactive metabolites whose
chemical structures are currently unknown. Much less survey work has centered
on neuroactive, immunopotentiating, anti-inflammatory, antifertility, mutagenic,
anthelmintic and insecticidal principles, and other important bioactivities (e.g. an-
timalarial, antileprotic, antiarthritic, molluscicidal, memory-enhancing, tissue-
regenerative, and most crop yield-related activities) have been totally ignored.

Chemical reinvestigation of the activities listed (Table 1) would in all probability
yield not only a lengthy list of novel bioactive natural products, but also data fun-
damental to answering broader questions central to the three areas of research
described earlier, For example:

Are marine organisms employing certain adaptive strategies disproportionately
rich or poor in specific types of bioactive compounds? The observations of Green
{1977) and Bakus (1981) suggest that sessile, exposed, soft-bodied invertebrates in
tropical ecosystems, where there is intense grazing pressure by fish, tend to be
more ichthyotoxic than cryptic or hard-bodied invertebrates in the same
ecosystems. Such toxicities may play an important role in maintaining species
diversity in such ecosystems (Jackson & Buss 1975). It remains to be demonstrated
whether these observations can be generalized to other ecosystems, adaptive
strategies and bioactivities.
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Are certain taxa of marine organisms disproportionately rich or poor in specific
bioactive compounds? Weinheimer et al, (1978} screened 2252 species of marine
organisms and found that 10.9% exhibited activity in the U.S. National Cancer In-
stitute’s P-388 murine leukemia bioassay; sponges, tunicates and fish yielded
above-average “’hit rates”” (proportions of positive results), whereas the algae in-
vestigated were significantly below average (2.5%). Similarly, antiviral activities
were more frequent among sponges, cnidarians, echinoderms, chordates,
cyanobacteria, brown algae and red algae than among the other marine organisms
examined by Rinehart et al. (1981). Multiple regression analysis (examining
ecological, geographical and hydrographic as well as taxonomic variables) of such
data might indicate whether the apparent correlations are in fact taxonomically
based, and might provide a test for the relationship between phyletic and chemical
diversities in ““lower”” organisms, as proposed in the Introduction.

Is there an independent geographical component in the distributional pattern of
marine bioactivities? The fact that most investigations of marine bioactive sub-
stances have centered on tropical and subtropical species has reinforced the
notion that the greatest potential for such compounds resides among the
stereotypical flora and fauna of these regions: brightly coloured fishes and corals,
toxic seaweeds, poisonous jellyfish, exotic sponges, venomous animals, and red
tide plankton. By contrast, the colder-water flora and fauna are often assumed to
be chemically uninteresting. This generalization has been supported for
ichthyotoxicity of Pacific Ocean sponges (Green 1977), for antimicrobial activities
of certain gorgonians (Burkholder and Burkholder 1958), and seems to be valid for
many marine animal toxicities in general (Halstead 1965-1970). Large and
taxonomically less restricted investigations (Weinheimer et al. 1978; ).T. Baker,
pers. commun. 1981) have, however, revealed a more complex geographical
distribution of activities ““for which no ready rationalizations are apparent’’
(Weinheimer et al. 1978). Cold-water ecosystems typically exhibit less biological
diversity than do tropical ecosystems {and thereby may be more amenable to
biochemical analysis); nonetheless, individual colder-water organisms face the
same types of biological challenges as do tropical ones {predation, fouling, etc.)
and moreover do s¢ in a physically changeable environment. Therefore, to the ex-
tent that bioactive natural products are of adaptive significance, there is no com-
pelling reason to suspect a priori that individual colder-water organisms are unlike-
ly to produce interesting bioactive compounds.

There have been disappointingly few examinations of bioactive compounds
among colder-water organisms. Modest surveys, generally of only one activity,
have been reported (e.g. Chesters & Stott 1956; Roos 1957; Hornsey & Hide 1974;
Biard et al. 1980; Chénieux et al. 1980; Blunden et al. 1981), but most information
has come from small, nonsystematic investigations which rarely have lead to
chemical characterization of the active metabolite.

Can an ecological approach help predict the occurrence of pharmaceutically or
biomedically relevant bioactive compounds? Sieburth (1968b) conjectured the
existence of such a predictive (positive) correlation. However, the few demon-
strated relationships between ecotype and presence of bioactive metabolites
(above) are restricted to toxins, and toxicity often limits the clinical utilization of
otherwise efficacious compounds. Confirmation of a correlation, whether positive
or negative, could greatly rationalize pharmaceutically oriented screening pro-
grams,
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Do marine organisms constitute a promising source of novel pharmaceuticals,
agrichemicals and other important bioactive compounds? All the conditions
required for an optimistic response to this question appear to be in place. There is
a well-recognized need for novel antibiotics, pharmaceuticals and agrichemicals
(Meinhof 1979; Zak 1980; Anon. 1981a; Mitchell 1981; Shaw 1981; Weatherall
1982). Natural products are central to modern chemotherapeutics not ony directly
(Gosselin 1962; Farnsworth & Bingel 1977), but perhaps more importantly in the
long term, by broadening our understanding of chemistry and biology. Not only do
marine organisms synthesize a wide variety of novel natural products, but “hit
rates” are often significantly higher with marine organisms than with terrestrial
plants or microbiological fermentation broths (Weinheimer et al. 1978; Suffness &
Douros 1982). Modern surveys can build on both traditional medicinal utilization
and preliminary assay data (e.g. Table I). Despite the lengthy and difficult path
from laboratory to market (Baker 1984), marine-derived anthelmintic, antiturmor,
analgesic and insecticidal agents are already in use (Der Marderosian 1979); other
pharmaceuticals may be marketed commercially by the mid-1980s (Anon. 1981b),
and still others are in advanced developmental stages (Suffness & Douros 1981,
1982; Suffness, pers. commun. 1984). Clearly, the potential of marine organisms as
a source of novel pharmaceuticals, agrichemicals and other bioactive compounds,
has yet to be fully realized.
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