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ABSTRACT 

Harbor Branch Oceanographic Institution (HBOI) has a worldwide collection of over 
25,000 marine macro-invertebrates and algae representing diverse geographical, 
latitudinal, and depth (0-3000 ft) ranges. Samples are tested for biological activity in a 
panel of whole cell and enzyme/receptor assays, including antibacterial, antifungal, 
cytotoxicity, antitumor, and immunomodulatory assays. Of the taxa sampled, Porifera 
have the greatest incidence of activity within these screens and especially within the 
antimicrobial assays. Cnidaria, Chordata (Ascidiacea), Phaeophyta, and Chlorophyta 
also show strong antimicrobial activity. A comparison of bioactivity and depth of 
collection indicates that benthic organisms are active throughout the depth range of this 
study. Antifungal activity is greatest for high latitude samples then decreases at the 
lower latitudes, whereas antibacterial activity decreases markedly above 30°N latitude. 
Strong site-specific trends also exist regardless of latitude or temperature. For example, 
samples from both the Bahamas and Seychelles show very strong activities for all 
assays whereas samples from various other tropical, warm water sites such as the 
Virgin Islands, Senegal, Colombia, Venezuela, and Sierra Leone are inactive in the 
enzyme assays. Data are used to target potential taxonomic and geographic sources of 
natural products for drug discovery to treat human diseases or as biomedical research 
tools. 

L'lnstitut oceanographique d'Harbour Branch (HBOI) possede une collection de plus de 
25,000 specimens de macros-invertebres marins et d'algues du monde entier, 
representants differentes zones geographiques, de latitudes et de profondeurs (0-3000 
pieds). Des echantillons sont testes afin de regarder l'activite biologique dans un 
eventail de bio-essais sur des cellules entieres et des recepteurs d'enzymes, incluant 
des tests antibacteriens, antifongiques, de cytotoxicite, antitumeurs et 
immunomodulatoires. Un des taxons echantillonnes, les poriferes, possedent Ia plus 
grande incidence d'activite dans cette grille de test, particulierement avec les essais 
antimicrobiens. Les cnidaires, chordes (ascidies), phaeophytes et les chlorophytes 
demontrent egalement une forte activite antimicrobienne. Une comparaison de Ia 
bioactivite selon Ia profondeur indique que les organismes benthiques sont actifs a 
travers toute Ia gamme de profondeur de cette etude. L'activite antifongique est plus 
grande dans les echantillons provenant des latitudes elevees, et decroit vers les 
latitudes plus faibles, tandis que l'activite antibacterienne decroit de fac;on marquee au
dessus du 30° N de latitude. Une forte tendance reliee au site existe aussi, 
independamment de Ia latitude ou de Ia temperature. Par exemple, des echantillons des 
Bahamas et des Seychelles montrent une tres forte activite dans tous les bio-essais 
alors que d'autres echantillons provenant de differents autres sites tropicaux tels les iles 
Vierges, le Senegal, Ia Colombie, le Venezuela et Ia Sierra Leone, sont inactifs dans les 
tests d'enzymes. Les donnees sont utilisees afin de cibler le potentiel taxonomique et 
les sources geographiques de produits naturels pour Ia decouverte de medicaments 
traitant les maladies humaines ou encore comme outils de recherche biomedicale. 



INTRODUCTION 

Natural products historically have been a rich source of drugs for the alleviation of 
human suffering. While terrestrial sources have yielded a large number of useful drugs, 
the marine environment is estimated to contain 80% of the world's plant and animal 
species. Marine natural products represent a relatively untapped resource for new drug 
development. In the past decade alone, over 5000 novel compounds have been 
reported from marine plants and invertebrates. 

The production of biologically active metabolites in benthic marine organisms has been 
attributed to different aspects of their systematics (Munro et a/., 1989), geographic 
distribution (McClintock, 1987; Steinberg, 1992; Pomponi eta/., 1996), biology (Wahl, 
1989), ecology (Porter and Targett, 1988; Turon eta/., 1996), and evolution (Pimental, 
1988; Hay, 1992). Numerous studies have been conducted with the aim of identifying 
trends in the incidence of bioactivity within particular taxonomic or morphological groups 
or within geographic regions of the marine environment. It has been suggested that 
these trends may aid in the selection of those taxa or regions with the greatest potential 
for activity and novel chemistry. More recently, the data from these studies have been 
used to detect possible relationships between the observed bioactivities (antibacterial, 
antifungal, antiviral, antimitotic, and cytotoxic) and taxonomic groups, extent of fouling, 
and community structure. 

Several conclusions derived from these studies include the suggestion that the incidence 
of toxicity is negatively correlated with latitude (Green, 1977), although this has been 
contradicted by studies carried out in the Antarctic (McClintock et a/., 1993). A negative 
correlation was also observed between antimicrobial activity and the extent of surface 
fouling in both tropical (McCaffrey and Endean, 1985) and temperate systems 
(Thompson et a/., 1985). A clear correlation was observed between activities and 
taxonomic groups, with the Porifera, Bryozoa and Chordata being the most active (Uriz 
et a/., 1991, 1992). The same studies suggest that two different chemically based 
strategies are evident in that particular community: organisms that contain 
antibiotic/antifungal activity and those containing cytotoxic/antimitotic activity. 

Many of the studies cited above have dealt with a single phylum (predominantly the 
Porifera) from a particular geographic region. This limits the ability to apply the findings 
to benthic communities in general. Further studies which include multiple phyla and 
larger sample sizes (the largest to date is 800 samples) from diverse geographic regions 
are necessary to support the conclusions made thus far. 

The Division of Biomedical Marine Research at Harbor Branch Oceanographic Institution 
(HBOI) has a worldwide collection of over 25,000 marine macro-invertebrates and algae 
representing diverse geographical, latitudinal and depth (0-3000 ft) ranges accessible 
through the use of HBOI's Johnson-Sea-Link manned submersibles. A considerable 
amount of information including biological descriptors (e.g., taxonomy, morphology, 
color, observed associations) and physical data (location, depth, in situ temperature and 
salinity) is available for each sample. 

The collection has been tested in a variety of bioassays including whole cell 
(antimicrobial, antiviral, cytotoxicity, and immunomodulatory), enzyme and receptor
based assays, both in-house and through industrial collaborations. Using the activity 
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data from these bioassays and the descriptive data for the samples, we are examining 
preliminary results of relationships within this large body of information. 

METHODS AND MATERIALS 

Collections 
Samples were collected in shallow water (0-150 ft) by wading, snorkeling, and scuba 
diving; and in deep water (150-3000 ft) with the Johnson-Sea-Link (JSL) and C/e/ia 
manned submersibles from HBOI's Research Vessels Seward Johnson, Edwin Link and 
Sea Diver. The submersibles are equipped with a multifunctional manipulator arm which 
enables the collection of specimens by either a jaw, suction tube, or clam-shell grab. 
Samples can generally be obtained intact, even for extremely fragile or brittle 
specimens. The submersibles are also equipped with color video and 35-mm cameras 
for photo-documentation, and a data recorder to log temperature, salinity, oxygen, and 
depth. 

Collections by submersible and scuba are very selective and are of minimal impact to 
the environment or species populations. Only one or a few individuals of each species 
were collected at each site with little disturbance to the habitat. Permits and research 
clearances were obtained for collections in foreign countries, and we work closely with 
foreign government agencies such as departments of fisheries and natural resources. 
Duplicate taxonomic specimens, in situ photographs and videotapes were deposited with 
the host country for each expedition along with detailed reports on the biodiversity, 
chemical and bioassay results (e.g., Pomponi eta/., 1996; Reed and Pomponi, 1997). 

Site and Sample Documentation 
Each sample was given an unique identifying number. Collection site and sample 
descriptions were recorded in a field book and transcribed into a computer database 
(Microsoft ACCESS). Site descriptors included latitude, longitude, habitat, depth, 
temperature, salinity, and current. Specimen descriptors included morphology, color, 
abundance, and taxonomy. Each deep water (submersible) sample was photographed 
and videotaped in situ. Each sample was also photographed in the ship's laboratory 
with its sample number and a ruler for scale. 

Chemical Extraction 
Extracts of marine macroorganisms were prepared by grinding approximately 2 g of the 
organism in 20 ml of 100% ethanol. This crude extract was then filtered and quantified 
for use in bioassays and chemical evaluations. 

Antimicrobial Assays 
Antimicrobial activity was determined through the use of disk diffusion and broth dilution 
assays. The strains used were Candida albicans (Ca) ATCC 44506, Cryptococcus 
neoformans (Cn) ATCC 32045, Bacillus subtilis (Bs) ATCC 6633, Pseudomonas 
aeruginosa (Pa) ATCC 27853, and the HBOI strain of Escherichia coli (Ec). The three 
bacterial strains (Bs, Ec and Pa) were tested for activity in a standard disk diffusion 
assay using Antibiotic Medium 2 (Difco). The fungal strains (Ca and Cn) were tested in 
disk diffusion assays using Sabouraud Dextrose Agar and Emmon's modification of 
Sabouraud Dextrose Agar, respectively. In all cases the seeding density was 105 

cells/mi. In addition, activities against the fungi were tested in microtiter broth dilution 
assays using Sabouraud Dextrose Broth and RPMI-1640 for Ca and Emmon's 
modification of Sabouraud Dextrose Broth for Cn. All assay plates were incubated at 



37°C and were read at 24 hr for the bacteria and Ca. Cn plates were incubated for 48 
hr. 

For the disk diffusion assay, 6.35mm paper disks, impregnated with approximately 250 
)lg test extract, were placed onto the surface of the agar plate. Zones of growth 
inhibition were recorded and compared with those of controls. Broth dilution assays 
were performed in a total volume of 50 )ll with two-fold dilutions from 500 to 3.9 )lg/ml. 
Samples showing activity at 250 )lg/ml or less were considered to be active. 

Enzyme Assays 
Three enzyme assays were used to test for the inhibition of protein phosphatase activity: 

Calcineurin (CaN) is a serine/threonine phosphatase which is critical to the signal 
transduction pathway in mammalian cells and may be used to discover extracts with 
immunosupressive activity. Based upon the activity of immunosuppressive agents such 
as cyclosporin and FK506, which affect the activity of calcineurin, we expect that the 
new compounds which we discover with this assay will have immunosuppressive 
activity. The assay used calcineurin isolated from bovine brain (Tallant eta/., 1983). 

CD45 is a family of cell surface receptors expressed as the major surface component of 
lymphoid and myeloid cells . The cytoplasmic portion of the molecule has protein 
tyrosine phosphatase activity. CD45 is a critical component of the signal transduction 
pathway which leads to T-cell activation. Inhibitors of CD45 are therefore expected to 
have immunosuppressive activity. The assay used CD45 prepared from membranes of 
the Jurkat cell line (lmoto eta/. , 1993). 

LAR (Leukocyte Antigen Related Protein Phosphatase) is found in the membranes of 
many cell types, and inhibitors of LAR may have utility as anticancer agents. The form 
of LAR used in these experiments was the LAR-01 fragment produced as a recombinant 
protein in E. coli. The enzyme was purchased from New England Biolabs. 

All of the enzyme assays described above were run in a 96-well microtiter format. LAR 
and CaN used p-nitrophenol phosphate as the chromogenic substrate. Enzyme activity 
was measured spectrophotometrically by the change in absorption at 405 nm. CD45 
used o-phosphotyrosine as substrate with the liberated phosphate being quantified using 
a malachite green reaction and the subsequent change in E620 • Assays were run in the 
presence of extracts of marine organisms. The activity was then compared to the 
activity of a control with no added extract. The percentage inhibition of enzyme activity 
in the presence of the extract was then calculated. Active extracts were defined as 
those which produced over 50% inhibition of enzyme activity when compared to the 
control. 

RESULTS 

Over 25,000 marine macro-invertebrates and algae were collected from 1984 to 1996 at 
depths of 0-3000 ft (0-914 m). These consisted of Angiospermata, Annelida, Bryozoa, 
Chlorophyta, Chordata (Ascidiacea), Cnidaria (Octocorallia, Actiniaria, Hydroida), 
Crustacea, Cyanophyta , Echinodermata, Mollusca , Phaeophyta, Porifera, and 
Rhodophyta (Fig. 1 ). Collection sites ranged from the Atlantic coast of Spain at 42°N 
latitude to the Galapagos Islands on the equator (Table 1 ). Eastern Atlantic sites 
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included Spain, Azores, Madeira, Canaries, Cape Verde, Senegal and Sierra Leone. 
Western Atlantic and Caribbean sites included the Bahamas, eastern U.S., Turks and 
Caicos, Virgin Islands, Jamaica, Antilles (Martinique, Guadeloupe, St. Lucia, St. Vincent, 
Grenada, and Barbados), Belize, Honduras, Venezuela, and Colombia. Indo-Pacific 
sites included the Seychelles, Papua New Guinea, Galapagos, Cocos Island, Panama, 
and American Samoa. 
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Figure 1. Distribution of phyla by depth. Miscellaneous phyla representing <5% of the 
collections are not shown. (CHO= Chordata, CNI= Cnidaria, ECH= Echinodermata; 
POR= Porifera) 

Table 1. Activities (percent active of total samples tested) of enzyme (LAR, CaN, 
CD45), antibacterial (Bs, Ec, Pa), and antifungal (Ca, Cn) assays by collection site from 
high to low latitude(-= not tested). 

LATITUDE COUNTRY ENZYME SCREENS ANTI-BACTERIAL ANTIFUNGAL 
(Degrees N/S) LAR CaN CD45 Bs Ec Pa Ca Cn 

42 SPAIN 0 0 0. 6 3 0 - - -
38 AZORES 0 0 0 - - - 22 -
32 MADEIRA 0 0.41 0 - - - 28 22 
28 CANARIES 0 0.46 1.85 - - - 33 35 
25 GULF OF MEX. 0 0 0 - - - 27 27 

20-25 BAHAMAS 0.36 0.21 0.15 29 10 6 18 -
21 TURKS/CAICOS 0. 33 0.65 0 - - - - -
18 VIRGIN ISLANDS 0 0 0 - - - - -
18 JAMAICA 0.51 0 0 - - - - -
16 BELIZE/HONDURAS 0 0 0.49 19 4 - 0 -

12-15 ANTILLES 0.21 0 0. 43 25 5 4 19 -
15 CAPE VERDE 0 0 1. 03 - - - 19 20 
15 SENEGAL 0 0 0 - - - 13 0 

13S SAMOA 0 1. 35 0 42 7 3 39 --
12 COLUMBIA 0 0 0 21 5 3 11 --
12 VENEZUELA 0 0 0 26 4 1 19 -
9S PAPUA NEW GUINEA 0 0 1.9 - - - - ---
8 SIERRA LEONE 0 0 0 - - - 10 7 

--
4S SEYCHELLES 0.32 0.64 0. 32 29 12 2 33 -
0 GALAPAGOS 0 0 1.19 10 2 7 3 -



Considerable variation in activity exists among the various sites. For example, samples 
from the Bahamas and Seychelles showed very strong activities for all assays. Samples 
from Madeira and Canaries were also relatively active. However, for unknown reasons, 
some sites showed no activity in the enzyme assay regardless of latitude. For example, 
samples from high latitude, cool water sites in the Azores and Spain showed little or no 
activity nor did samples from the tropics in the Virgin Islands, Senegal, Colombia, 
Venezuela, and Sierra Leone. 

Antibacterial activity (Bs) was generally high (.X= 22-30%) for samples at all mid
latitudinal zones but showed a sharp reduction at both the high latitudes (35-45°) and oo 
(Galapagos) (Fig. 2). There are no data for this assay from sites in the 25-35° latitudinal 
range. The antifungal assay (Ca) was relatively active for samples at all zones, 
including the high latitudes ( x = 22% at 35-45°), but dropped to 10% activity at oo. For 
the enzyme assays, CD45 showed a bimodal peak in activity and was greatest (.X= 
1.2%) at the equator. CaN had peak activities (.X= 0.29-0.45%) at the mid latitudes (10-
350) and no activity at the extremes. LAR activity was greatest (.X= 0.23%) at 20-25°. 
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Figure 2. Average activities (percent active of total samples tested) of antibacterial (Bs), 
antifungal (Ca), and enzyme (CaN, LAR, CD45) assays for samples collected from low 
to high latitudes. 
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Figure 3. Activities (percent active of total samples tested) of antibacterial (Bs, Ec, Pa), 
antifungal (Ca, Cn), and enzyme (CaN, LAR, CD45) assays for samples collected at 
various depth ranges. 
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Samples showed activity in all assays throughout the depth range (0-3000 ft) (Fig. 3). 
Sample activities in the Bs and Ec antibacterial assays were greatest between 120 and 
1000 ft, but showed over a 50% reduction for samples collected at depths >1000 ft. Pa 
activity was relatively constant at all depths. Antifungal assays (Ca, Cn) also showed a 
high number of active samples at all depths. Activity in the enzyme assays was 
relatively low at all depth ranges, and CD45 had no active samples >2000 ft. The strong 
peak in activity in the LAR assay at 500-1000 ft was due to one particular active sponge 
genus. 

The incidence of antibacterial activity (Bs) and antifungal activity (Ca) appeared to be 
positively correlated to the water temperature of the collection site (Fig.4) . This is the 
result of both latitude and depth of collection. 
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Figure 4. Relationship of water temperature at the collection site to antibacterial (Bs) 
and antifungal (Ca) activities. 
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Figure 5. Activities (percent active of total samples tested) of antibacterial (Bs, Ec, Pa), 
antifungal (Ca, Cn), and enzyme (CaN, LAR, CD45) assays for each phylum. 

In the antimicrobial assays, nearly all phyla were active in Bs and Ca assays, ranging 
from 2.3-30.9% (Fig. 5). The Pa assay showed the lowest overall rates of activity (0.7-



6.0%) and was the most specific with only 5 active phyla of the 13 tested. Porifera were 
highly active in all assays especially for Bs, Ca and Cn assays (31.3, 30.9, 23.3%, 
respectively). Cnidaria and Chordata (ascidians) were both quite active in Bs and Cn 
assays (CNI- 21.4, 16.3%; CHO- 14.9, 10.6%, respectively). 

In the enzyme assays, Annelida and Porifera were the most active phyla in all three 
assays (Fig. 5). Cnidaria, Chordata, Phaeophyta and Rhodophyta had activity restricted 
to the CD45 assay (0.3, 6.7, 1.0, and 0.3%, respectively). In general, the highest 
occurrence of actives for the enzyme assays was CD45 (6 active phyla); LAR was the 
most restricted with only one genus of Porifera and one species of Annelida showing 
activity. 

Porifera (POR), Cnidaria (CNI), and Chordata (Ascidiacea, CHO) showed peak activities 
(41, 41, 23%, respectively) in the antibacterial Bs assay within the 20-30°N latitudes and 
decreased at higher and lower latitudes (Fig. 6). 
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Figure 6. Activities (percent active of total samples tested) of Bs antibacterial, Ca 
antifungal, and enzyme (CD45, CaN) assays by phylum from high to low latitude. (CHO= 
Chordata, CNI= Cnidaria, POR= Porifera) 

The Ca assay showed peaks for all three phyla within the 0-5°S zone: these were the 
Seychelles samples. Porifera had greatest CaN activity at higher latitudes of 20-35°N 
and also at the Seychelles sites. However, this trend reversed for Porifera in the CD45 
assay, in which sponges showed peak activity at 5-10°N. Ascidians showed peaks in 
the CD45 assay at both high and low latitudes, whereas Cnidaria were more active at 
higher latitudes. 
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DISCUSSION 

The biological tests used within the Division of Biomedical Marine Research (DBMR) are 
designed to identify chemicals (natural products) produced by marine organisms that 
have potential as new pharmaceutical agents. We are focusing on two major 
therapeutic areas: anti-cancer agents and agents that have potential in the regulation of 
the immune system. lmmunoregulators are drugs that may be of use in organ 
transplantation, in the treatment of auto-immune diseases and various other disease 
states. We are also interested in agents which may be used to treat infectious diseases 
caused by bacteria and fungi, as well as anti-inflammatory agents. 

There are two general approaches to identifying extracts that are of interest: (1) testing 
for compounds which affect cells growing in the laboratory, and (2) testing for inhibitors 
of certain enzyme and receptor "targets". We use a combination of these approaches; 
however, we emphasize the use of enzyme and receptor targets. Our primary tests 
identify extracts that affect enzymes which are known to be important for the growth of 
cancer cells or the activation of immune cells. Our secondary tests study the effect 
which these compounds have on living cells. 

Preliminary relationships made among phyla, geographic region, depth of collection, and 
bioactivity data derived from two screening programs reveal several trends. The 
relationships of taxonomy with bioactivity indicates that the greatest incidence of activity 
occurs within the Porifera over all assays in both of the screening programs. 
Antimicrobial activity is also high within the Cnidaria, Chordata (Ascidiacea), 
Phaeophyta, and Chlorophyta. The enzyme assays are much more specific than the 
antimicrobial assays and therefore result in much lower hit rates. Within the enzyme 
assays, the CD45 assay results in the highest occurrence of activity and is the least 
specific, whereas the LAR assay is very restricted in activity. Annelids and Porifera are 
active in all three enzyme assays, and ascidians have the highest hit rates of all phyla 
tested in CD45. 

A comparison of bioactivity and depth of collection indicates that benthic organisms are 
active throughout the depth range of this study. Some trends are evident within certain 
assays. For example, for the Bs and Ec antibacterial assays, activities are greatest 
between 120 and 1000 ft, but show a 50% reduction for samples collected at depths 
>1000 ft. However, the antifungal assays (Ca, Cn) show high activity at all depth 
ranges. No strong trends are evident with the enzyme assays and depth except for a 
strong LAR activity peak at 500-1000 ft, primarily due to a particularly active genus of 
sponge that occurs within this depth range. 

Within the various assays, different trends with latitude are apparent. Antifungal activity 
is greatest for mid to high latitude samples then decreases at the lower latitudes, 
whereas antibacterial activity decreases markedly above 35°N latitude and at 0°. Thus 
the Galapagos samples have the lowest activity for both of the antimicrobial assays 
among all the latitudinal zones; however, they have the highest activity for the CD45 
enzyme assay. 

Some phyla also show some trends with latitude. Both Cnidaria and Porifera show high 
activity in Bs and Ca assays for samples collected within 20-30°N latitude but decrease 
in activity at lower latitudes except for a peak at 0-5°S (Seychelles). Within the enzyme 



assays, Porifera have greatest CaN activity at higher latitudes and also at the 
Seychelles, whereas CD45 activity peaks for Porifera at 0-5°N. Ascidians show a 
bimodal peak in CD45 activity at both high and low latitudes. 

A comparison of bioactivity with geographical location show some striking site-specific 
relationships. For example, samples from both the Bahamas and Seychelles are very 
active for all assays. Samples from some sites have very limited activity in the enzyme 
assays regardless of latitude. For example, samples from high latitude, cool water sites 
in the Azores show little activity as might be expected based on general latitudinal 
trends. However, samples from various tropical, warm water sites such as the Virgin 
Islands, Senegal, Colombia, Venezuela, and Sierra Leone are also inactive in these 
assays. 

Part of the latitudinal and geographical relationships with bioactivity may be due in part 
to water temperature. A comparison of antimicrobial bioactivity with water temperature 
reflects a positive relationship. For shallow water collections, warmer water temperature 
may be indicative of lower latitudes which supports the geographic trend already 
discussed. However, this trend is not true of the Galapagos Islands on the equator 
where cold water upwelling results in water temperatures below 15°C at times. Depth is 
also a factor since water temperature is relatively the same at all sites in deep water 
(>1 000 ft). 

A number of previous studies indicate that bioactivity increases with decreasing latitude. 
Our data show that this trend is not without exception. Organisms collected in the 
Galapagos show relatively low levels of bioactivity in spite of their location at the 
equator. The lack of antibacterial activity at higher latitudes may also be due in part to 
the taxonomic make up of the specimens collected at these sites. For example, 
collections in Spain (42°N) consisted of greater numbers of echinoderms and fewer 
Porifera than collections typical in the tropical latitudes. Factors other than latitude and 
biogeography that may influence the incidence of bioactivity in a particular system 
include depth, water temperature, type of predation pressure present, extent of 
competition for space, and habitat type (e.g . exposed vs. protected, sand flat vs. reef). 

It is apparent that assay-specific activity is highly variable among collection sites and 
taxa. Also apparent is that deep-water taxa are equally bioactive as shallow-water, 
warm tropical species. An ecologically sound survey of deep-water marine organisms 
will be an important addition to the biodiversity of natural products collected from shallow 
water and terrestrial sources. These trends may be used to target phyla , depths and 
geographic regions that may provide the greatest opportunities for the discovery of 
novel , bioactive natural products. 
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