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Article special n° 10

Bioethics, Water and the Environment*

Darryl R. J. MACER"*

Bioethics, or biological ethics, looks at ethical
decisions we make concerned with life, and in
simple terms it could be called love of life
(MACER, 1994). In this sense, love means to try
to avoid harming life, and to try to do good,
while respecting the life of individuals (auton-
omy) and of all lives (justice). Considering
that life is dependent upon water, and living or-
ganisms are made of up to 909 water, could we
say bioethics is love of water? Despite the ap-
parent closeness, I know of no paper exploring
“bioethics and water”, or oceans. This is more
surprising given the dependence of human
health, and the life of almost all organisms, on
the provision of clean unpolluted water. The
problem is one of words, as part of the concept
may already be familiar, but words can help
build concepts and it may be timely to introduce
the term bioethics more into ocean science.

The relationship of ocean science to medical
bioethics 1s suggested by the concept of the
“health of the oceans”. This phrase was the
title of a UNIP Regional Seas report (GESAMP,
1982), produced by the Joint Group of Experts
on the Scientific Aspects of Marine Pollution
(GESAMP). The idea of monitoring the health
of the oceans was found in several reports in the
1970’s, and the concept is now well established.
The “normal” state of the ocean is difficult to
define, as it will be changing with time, how-
ever, we can certainly find some “unhealthy”
phenomenon in the oceans (B - /Nih, 1993).
The GESAMP group continues to act as an inter-
national group monitoring the health of the
oceans, in addition to the many private environ-
mental groups, and national authorities. Itisa
constructive way of thinking to use the word
health, and we could consider the committee to
be among the “Bioethics Committees” of the
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world in their mandate.

Historically there has been even longer connec-
tion with environmental bioethics. Among the
first major international laws protecting the en-
vironment is the Law of the Sea, which looks at
the problem of protecting the global commons.
This is an issue of justice, as well as responsibil-
ity to protect nature and the environment. It
became a forerunner to the more recent global
conventions on protection of the ozone layer,
biodiversity, and efforts to prevent increases in
greenhouse gas emissions which contribute to
global warming. We also have national laws re-
ducing pollution, and preserving rivers, lakes
and marine parks.

Food

Many wars have been fought over the issue of
food, and perhaps the most global human ethi-
cal problem in the world is uneven distribution
of food and inability to pay for it. Human uses
of the marine environment for food include
management of wild stocks, and controlled ma-
rine culture. From the oceans, 71% of the
world’s surface, only 1% of the foodstuffs are
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harvested, in 1990, 93 million tonnes were har-
vested. Aquatic food proteins are an important
source of animal protein. Unlike other types of
food harvesting, which are largely based on
planned agriculture, only about 30% of the
world’s fish catch is from cultured areas. This
depends on species, shellfish are among the spe-
cies that are obtained largely from planned
aquaculture, but fish like tuna are almost en-
tirely from the use of international ocean re-
sources. Overfishing, overuse of resources, has
many documented cases, and is a bioethical
issue.

How can we ethically control overuse of re-
sources? Most maritime nations have declared
200 mile limits within which they claim prior
rights to exploit marine resources, including
fish. Therefore national policies are very impor-
tant, but because most fish, and the water they
live in, move over much greater areas, interna-
tional fishing strategies are necessary. One way
is to enact quotas, a given number of fish of
each species that should be caught. Quotas were
introduced to North Atlantic fishing since 1970.

Global influences are being recognised which
require global bioethics. For example, natural
variations in fish population are primarily re-
lated to the population of plankton on which
they feed (and human action). The algal pro-
ductivity varies greatly, with winds, sea cur-
rents, and climatic involvement which affects
the ocean currents. Increased fish catches of At-
lantic cod, from the fifteenth century, have been
associated with warmer climatic periods. Tem-
perature also affects biological organisation of
the ecosystem, and global warming can be ex-
pected to change not only these patterns but
rainfall, affecting the land too. Unintention-
ally, humans have begun global ecoengineering,
and are now considering intentional changes to
combat these. For example, there was recently
an experiment to add iron into the ocean to
fertilise phytoplankton production, which could
halt carbon dioxide, however it was shown to be
impractical if the iron sinks, as it invariably
seems to (KERR, 1994).

One of the more controversial issues is that of
animal rights. Bioethics attempts to balance
rational ethical arguments rather than religious
ones, the difference being that rational

arguments should appeal to data that can be sci-
entifically validated whereas religious argu-
ments are those which can not be tested. This
means that modern animal rights arguments are
based on arguments including: pain is bad, so to
cause pain is bad, therefore we should at least
minimise pain if we are killing; or consciousness
of the self allows interests in the individuals’ fu-
ture, and it is not good to interfere with such an
individual. When in doubt we should minimise
the chance that the species we use can think, so
we should try to use species that either think
less, or don’t think. If we take this to the logi-
cal conclusion, we should eat more fish than
mammals. These two arguments go beyond, but
complement, the general value people place on
nature, or the value people place on saving en-
dangered species. [ do not think that there is
greater worth just because something can be sci-
entifically tested, for example, unrewarded love
is recognised as a good thing but it is not a sci-
entific idea. The reason we try to use rational
arguments is that they can sometimes be more
culturally independent.

In practice, bioethics would say that we
should develop methods of fishing that cause
less pain, that allow species to continue exis-
tence for their own sake as well as ecological
stability, the ones that are the most cost effec-
tive in both economic and environment aspects,
and be species selective in fishing. For example,
the use of long drift nets was criticised for the
nonselectivity of species caught and the low effi-
ciency of catch versus killed fish, despite there
short-term economic benefit. There is much
room for progress in development of fishing
methods that cause less pain, in the same way
that methods for killing land animals have been
improved.

Perhaps the most controversial issue is whal-
ing. What began as environmental protection of
endangered species, in the formation of the In-
ternational Whaling Commission (BUTTER-
WORTH, 1992), has shifted focus into the issue of
animal rights. The key point for scientific input
into this debate therefore may no longer be the
stability of the populations, but the question of
how much whales think - neuroscience. Rather
than entering the debate in this paper, 1 would
make the point that the people in the countries
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opposed to resumption of whaling are not really
interested in the environmental stability, but in
whether whales can “think”. They argue that if
they can “think”, we owe them more duties than
we do to animals that do not. This is the stan-
dard used for protection of human “rights”, and
bioethics would say we should be consistent re-
gardless of species. This issue therefore has
some further scientific questions beyond the cur-
rent research on population stability. Although
most of the human genes will be sequenced by
1995, allowing comparison of conserved genes
with other species over the next few years, full
understanding of the thinking process will take
a few more decades with the project to define
the key neuronal connections of the human
brain. Currently half of the genes are thought
to be expressed in the brain, and most are con-
served in so-called “higher” animals.

Pollution

Human activity is becoming the main cause of
ecosystem changes in the world. We can see the
effects of human activity everywhere in the
world, from atmosphere to oceans, from poles
to the tropics and from the depths of the oceans
to the highest mountains. The concept of stew-
ardship is required to maintain a sustainable
way of life, and a healthy world. Environ-
mental problems may be able to be traced back
to the beginning of civilisation, but are getting
worse with the global scale of air and water pol-
lution, the introduction of new chemicals, and
the still growing human population. Much dam-
age 1s unintended and unforeseen, such as the
acidification of lakes in Scandinavia and Can-
ada from the acid rain from the burning of car-
bon fuels. Restrictions on the release of sulfur
and nitrous oxides has reduced the level of these
acid residues, showing that pollution can be con-
trolled. While sulfur dioxide emissions have
fallen, the acidity of rain has actually remained
high in polluted areas, due to parallel reduction
in the basic cations (contributed by particulate
matter) in the atmosphere that neutralise acid
rain (HEDIN et al., 1994). There still needs to be
further reduction in pollution if acid rain is to
be avoided.

Pollution could be defined as the appearance
of some environmental quality for which the

exposed community has inadequate information
and is thus incapable of an appropriate response
(CAIrNs and LaNza, 1972). Pollution can also
be defined as the introduction by humans, di-
rectly or indirectly, of substances or energy into
the environment resulting in deleterious effects
as harm to living resources, hazards to human
health, or hindrance to particular activities.
The oldest method of pollution “control” that
has been used is the principle of infinite dilution
of wastes. Water is historically one of the sub-
stances in which wastes are diluted, perhaps why
it has the associated spiritual meaning of holi-
ness and purity. Increased industrialisation usu-
ally means increased production of wastes and
potential pollutants. In the ocean, substances
including carbon dioxide, cadmium, arsenic,
lead and mercury are all disposed of in greater
quantities than the natural fluxes can cope with.
Under conditions of stress, the species diversity
of communities is greatly reduced, and the re-
sult is that the system becomes much less stable
(Opuwm, 1971). The most effective control is to
eliminate production of the pollution, at least
to decrease the levels to what natural cycles can
cope with. If it is not possible, treatment of the
pollutants and,“or the consequences, is neces-
sary in many cases before substances suitable
for recycling or dilution can be released.

Other examples of pollution include
eutrophication in waters that have enriched nu-
trient content which support excessive algal
photosynthesis. The degradation of these algal
results in oxygen depletion of this water, which
has the secondary effect of killing fish and also
a foul taste. Increased temperature lowers the
oxygen concentration of water, which makes the
ecosystem more susceptible to stress. Wastes
include municipal sewage, animal wastes and
agricultural fertiliser runoff. To solve this
problem these nutrients must be removed before
such wastes are released into the water. In 1970
the animal population in the USA was estimated
to be 564 million head, which produce the waste
equivalent to 2 billion people. Water tends to be
the ultimate sump for waste, and we are depend-
ent upon the natural ability of ecosystems to
cleanse waste and produce clean water. It is
ironic that the economic benefits of natural ac-
tions are usually of no value in economic
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equations.

The effects of pollution can be immediate,
such as the sudden death of a large number of
fish, or more prolonged such as defective devel-
opment and reproduction. The level of PCBs in
some marine animals exceeds the health stan-
dards set by some national authorities, but
there are no known cases of human sickness
from the consumption of animals and fish with
these substances. However, seals may have suf-
fered reproductive damage as a consequence of
the level of PCBs (GESAMP, 1982, 1990). The
bioethical issue is that we should try to avoid
harm, and attempt to understand the conse-
quences of the direct and indirect effects of our
action in a complex ecosystem.

Human relationships with water

In conclusion we have a deep and eternal rela-
tionship with water. The first relationship we
have is dependence. The estimated annual global
use is 4340 square km of water (PosTEL, 1992),
and by the year 2000 about 70% of the world’s
population will be living close to the ocean. The
dependence is both indirect, and direct. Beside
the obvious ethical issue of just distribution of
resources, which affects human relationships in
the biosphere, there are further relationships be-
tween people and water.

Water has spiritual images of cleansing, pu-
rity, being used in most religions. People may
also have sociobiological fondness for water, as
with other parts of the environment. It is an ad-
vantage biologically to like water, and an ad-
vantage to value nature. Water appears to be
refreshing for soul as well as body. An Interna-
tional Bioethics Survey was performed in 1993 in
ten countries of the world, Australia, Hong
Kong, India, Israel, Japan, New Zealand, the
Philippines, Russia, Singapore and Thailand
(MACER, 1994). Questionnaires included open-
ended questions of what image people had of
“life”, “nature”, and selected issues of science
and technology, biotechnology, and genetics.
One of the common themes seen in the comments
and pictures of nature and life was water, espe-
cially rivers and ocean sunsets, with ponds con-
taining birds, fish and other animals. This data
confirms that water is a common image of na-
ture.

Water has deep meanings for people, and by
exploring this relationship we may not only un-
derstand more the relationship between living
organisms, people and the environment, for
aquaculture, fishing, and enjoyment, but also
we may understand more of ourselves. In the
global age we live in, the question of the com-
mon oceans and the required diplomacy, pro-
vides very important precedents and lessons for
future global planning. It also provides a prece-
dent for protecting biodiversity that is increas-
ingly being recognised on the land too. It offers
some hope that people can make the types of de-
cisions that are necessary for thinking with in-
ternational eyes, as does the spirit of inter-
national cooperation seen in the history of
oceanographic research.
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Photosynthetic Capacity of the Toxic Dinoflagellates Dinophysis

cf. acuminata and Dinophysis acuta™

Brigitte R. BERLAND *, Serge Y. MAESTRINI*,
Christian BECHEMIN ** and Catherine LEGRAND **

Abstract: Natural phytoplankton assemblages from French Atlantic coastal waters were
enriched in Dinophysis cf. acuminata and D. sacculus by size fractionation and reverse
sedimentation, so that D. cf. acuminata became overwhelmingly dominating. Dinophysis
acuta populations were also enriched by 1solating individual cells. The rate of uptake of in-
organic carbon was measured (**C) in enriched populations both of D. cf. acuminata and,
separately, of D. acuta. In the light, carbon uptake increased linearly with incubation time
and directly in proportion to the number of cells; the mean uptake rate per cell in D. acuta
(21 pg Ch ™) was rather low. In D. cf. acuminata-dominated assemblages, the uptake rate
was positively related to temperature from 7°C to 18°C, but negatively related between 18
°C and 23°C. In the dark period, 36% to 48% of the carbon taken up was lost at 7°C-11°C,
whereas the loss was only 12 % at 18°C. When growth conditions were optimal, excretion
of organic carbon represented only 0.5-2.3 % of inorganic carbon taken up. At the end of
the dark period, dissolved free amino acids (DFAA) represented 37% of total excreted car-
bon, which markedly increased the concentration of amino acids dissolved in the medium.
The P-1 parameters found, @ =0.053 ugC pg Chl-a ™ h™ [gmolem?s7]™, Pm®=16 ugC
g Chl-a™' h " and 1,=300¢ moles m~* s, are similar to those in other algal species; they
reflect a high degree of tolerance to bright light. Carbon uptake rate data indicate the spe-
cific division rate of the D. cf. acuminata-dominated population to have been 0.35 division.
day .

It is concluded that the photosynthetic capacity of D. cf. acuminata and D. sacculus has
been demonstrated. An overall mixotrophic mode of nutrition should nevertheless be con-

sidered a probability.

1. Introduction

The dinoflagellate genus Dinophysis has al-
ready been described by EHRENBERG in 1840. Its
species remain poorly understood, however.
Their biochemical and ecophysiological charac-
teristics, such as their pigments, and their par-
ticulate organic carbon (POC) and particulate
organic nitrogen (PON) contents, their division
rates and their photosynthesis-light (P-I) rela-
tionships have not been fully determined, nor
have their mode of nutrition. This lack of
knowledge is mostly caused by their low relative
abundance in natural assemblages and by their
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complete resistance to laboratory culture.

Until the 1980s, research on the Dinophsis spe-
cies was almost entirely limited to taxonomic
studies. During the past two decades, however,
the damage to human health caused by the
diarrheic toxin they produce, okadaic acid
(Yasumoro et al., 1980; Kar, 1983), has
progreesively increased in absolute magnitude
and in geographic extent (ANDERSON, 1989;
SMAYDA, 1990; HALLEGRAEFF, 1993). Further-
more, cell densities of > 10° cells 1™, two orders
of magnitude higher than those mentioned in the
old literature, have recently been reported from
different regions of the world (FREUDENTHAL
and Jacoss, 1991: BeLiN, 1993 : Lassus et al.,
1993 : SuBBa Rao et al, 1993). Consequently,
increasing research is now being focussed on
their life cycles, reproductive strategies, nutri-
tion, toxin production and taxonomy using
newly developed methods.
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Table 1. Respective cell densities (number of cells per litre)
of algal species in the Dinophysis-enriched assemblage

used for experiment,.

Species

Cell density

Dinophysis cf. acuminata
D. rotunda

D. sacculus

Diplopsalis sp.
Dissodium sp.
Gymnodinium sp. (green)
Prorocentrum micans
Protoperidinium sp.
Leptocylindrus sp.
Nitzschia sp. (small cells)

1,491,750
1,350
97,500
1,650

300
996,660
19,800
5,400
1,800
3,300

In order to compensate for failure to culture
any of the Dinophysis species and nevertheless
to test various working hypotheses, material
isolated from seawater has been used with con-
siderable effort. Thus, SUBBA RA0 and Pan
(1993) measured photosynthetic parameters in
D. norvegica using natural samples largely
dominated by this species, as well as using single
cells isolated according to RIVKIN and SELIGER
(1981). GRANELI et al. (in press) measured light
and dark carbon uptake rates in single cells of
D. acuminata, D. acuta and D. norvegica, and
concluded that nutrition was mixotrophic. On
the other hand, from electron microscope pic-
tures, JACOBSON and ANDERSEN (1994) con-
cluded that chloroplastic D. acuminata and D.
norvegica are also phagotrophic.

In order to estimate to what extent the domi-
nant species of the genus along the French At-
lantic coast are autotrophic, we report here
carbon uptake measurements made at (i) differ-
ent temperatures and (ii) in a light-intensity
gradient, with cells of D. cf. acuminata and D.
sacculus taken from natural populations, en-
riched relative to co-occuring plankton either by
size fractionation and reverse sedimentation, or
by pipetting out single cells of D. acuta. Taking
advantage of these experiments, (iii) excreted
dissolved organic carbon (DOC) and dissolved
free amino acides (DFAA) have been analysed,
and (iv) the specific growth rate has been calcu-
lated.

2. Material and methods

The port of Antifer, near Le Havre, France,
provides exceptionally good conditions for col-
lecting cells of Dinophysis spp., since high densi-
ties (up to 160,000 cells 17 in some years) have
occurred in summer nearly every year since 1987
(Lassus et al., 1993). The dominant species is
similar to D. acuminata, although it appears to
be a different underscribed species (Lassus and
BARDOUIL, 1991). In August 1992, we harvested
a large number of cells by using a protocol of
concentration by size fractionation and reverse
sedimentation (MAESTRINI et al., submitted a).
The resulting population (2619 cells ml™) con-
tained 60% D. cf. acuminata (Table 1); other
important species present were Prorocentrum
micans and a green dinofla-gellate, Gymnodini-
um sp. (SOURNIA et al., 1992). This population
was used for (i) analysis of POC, PON (Carlo
Erba CHN analyser) and chlorophyll a content
(YenTscH and MENZzEL, 1963), and measured
for carbon uptake rate (**C) over diferent (ii)
temperatures and (iii) light intensities, and (iv)
measurement of carbon uptake rate and carbon
excretion rate over time at fixed temperatures
and light intensities.

Temperature experiment: Triplicate aliquots
(90 ml each) were incubated in the presence of
HNa*COs; (18520 Beq ml ™) for 10.5 hours in the
light (400 #moles m 2s™") followed by 10.5 hours
in darkness, at 7°, 11°, 14°, 18°and 23°C. After in-
cubation, samples were filtered through glass-
fiber membrane filters (“Whatman” GF/C) and
excess HNa*CO; was removed by adding 150 1
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6N HCl. The rate of carbon loss was calculated
by substracting the activity and the end of the
dark phase from the activity at the end of the
photophase.

Light experiment: 1-ml aliquots were incu-
bated at 18°C, in a photosynthetron (LEWIS and
SMmrITH, 1983), for 15 minutes, in the presence of
HNaCOs (37040 Beq m1™), at light intensities
from 1 to 1595umoles m*s~". Excess HNa'*COs
was removed by adding 150¢1 6N HCL. B activ-
ity was the counted directly in the incubation
vial after addition of 10 ml scintillation cock-
tail (“Instagel”, from Packard).

Carbon uptake and excretion rates over time:
The Dinophysis-enriched mixture was diluted
with filtered seawater: then nutrient-enriched
with ANTIA and CuENG (1970) medium in order
to obtain 1/40 the original nutrient content (i.e.
N=12.5uM, and other elements at balanced con-
centrations), incubated in the presence of HNa'
‘CO; (18520 Beq m1 ™), at 18°C, for 9 hours in the
light (400¢moles m s~ followed by 9 hours in
darkness. Subsamples were taken every three
hours; estimation of carbon uptake rate was
made as in the temperature experiment; carbon
excretion rate was measured by counting the S
activity in the filtrate in which excess of HNa'
CO:s had been removed with 150 16N HCl; the
DFAA content was analysed in the filtrate by
the method of PETTY et al. (1982), improved by
the protocol of DELMAS et al. (1990).

In May 1993, from water samples collected
near Douarnenez, south Brittany, single cells of
Dinophysis acuta were individually isolated
with a micropipette (RIVKIN and SELIGER,
1981) from an enriched 20-77 . m fraction,
washed two or three times, then pooled in
batches of 50 cells and inoculated in 1 ml 0.45
# m-filtered seawater in 10-ml scintillation
counting glass phials. After addition of HNa'*
CO; (87040 Beq ml™), incubation was carried
out at 18°C under continuous illumination (400
umoles m~2s™?), for 15 hours. Incubation was
stopped by adding 1501 6 N HCI, for a mini-
mum of 6 hours. As a check on the validity of
using time to as control, runs were made in trip-
licate with 50 cells of Protoperidinium sp., a
non-photosyn-thetic genus (JAcoBsON and
ANDERSON, 1993); counts made after different
incubation periods using these samples were not

significantly different from those at time t.

3. Results

For all experiments, Dinophysis-dominated
population or single Dinophysis cells took up in-
organic carbon in the light; the measured carbon
uptake was related both to elapsed time and to
the number of pooled cells.

The specific carbon uptake rate strongly in-
creased with temperature from 7°to 18°C (Fig.
1); at 7°C its value is only 5% that of 18°C
which appeared to be the optimum in the range
we used, the uptake rate at 23°C being only half
this value. In the dark, an important fraction
(36—48 % at 7-11°C and 12-15% at 18-23°C) of
carbon taken up was lost.

The specific inorganic carbon uptake rate first
increased linearly with light intensity up to 200
umole m~2s™ (Fig. 2). In the 200-700 £ mole.
m~*s”! range, slope of the curve decreased, re-
sulting in an absolute maximum in specific
assimilation at about 700 #mole m ?*s~". Beyond
this value, specific assimilation decreased. This
graph shows that the P—I parameters were:
a =0.053ugCug Chl-a*h*[ymole.m™s™'17",
Pm®=164gC ug Chl-a™*h™ and L=300 umoles
m7s7

During the light-dark experiment, the uptake
of inorganic carbon continued for 1.5 hour after
the light was turned off (Fig. 3). Then, the
total number of carbon atoms taken up declined
by 30% over the following four hours. Excre-
tion of organic carbon material occured both
during the light and the dark periods; the ratio
of relative release to the uptake of inorganic
carbon was low: 0.5-2.3 %6. During the light pe-
riod, the concentration of DFAA decreased (Fig.
4), whereas during the night it increased and in
four hours reached a value higher than that at
the biggining of the experiment. During the
dark period, both total organic carbon and
DFAA-carbon concentrations increased by 3.94
ug Cl'and 1.44ug C17', respectively. Hence,
DFAA represented 36 % of the total amount of
carbon excreted during the night.

The total carbon uptake rate of D. acuta
cells, individually isolated before incubation,
was directly proportional to the number of cells
(r*=0.92; Fig. 5). The mean uptake rate per cell
was 21 pg Ch™! (s=17.4; n=14).
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rate (¢g C Chl-a™ h™), in relation to light
intensity, in a Dinophysis cf. acuminata-
dominated population.

4. Discussion

The uptake of inorganic carbon, measured
using both Dinophysis cf. acuminata-dominated
populations (Fig. 1 and 2) and isolated cells of
D. acuta (Fig. 5), clearly indicated that both
species are photosynthetic. This is consistent

with the presence of chloroplastic structures
(HALLEGRAEFF and Lucas, 1988; SCHNEPF and
ELBRACHTER, 1988; Lucas and VEsk, 1990) and
photosynthetic pigments (SuBBA RA0 and PaN,
1993; MAESTRINI et al., submitted b) reported
previously. The mean carbon uptake rate per
cell obtained with D. acuta (21 pg Ch™) lies ap-
proximately in the range of values reported by
SuBBA Rao and Pan (1993) in D. norvegica (16
—25 pg Ch™), and by BERLAND et al. (submit-
ted) in Dinophysis cf. acuminata (32 pg Ch™).
In contrast, they are significantly lower than
those reported by GRANELI et al. (in press) in
D. acuminata (41 pg Ch™"), D. acuta (68 pg C
h™) and in D. norvegica (41 pg Ch™). Values
reported for other, but similar-sized dinofla-
gellate genera, are usually higher: 136 pg C h!
in  Alexandrium tamarensis (RIVKIN and
SELIGER, 1981), 44 pg C h™' in Gonyaulax
digitale (SuBBA RA0 and PaN, 1993), 55-390 pg
Ch™ in several Ceratium species (RIVKIN and
VoyTEK, 1985).

In the Dinophysis cf. acuminata-dominated
assemblage, the specific maximum carbon up-
take rate, Pm®, was 16 ugC ug Chl-a*h~". This
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value is significantly higher than the only other
published for the genus Dinophysis: 0.45—1.09
©gC tg Chl-a™*h™ in D. norvegica-dominated
population (SUBBA Rao and Pan, 1993). It is
likely that this discrepancy results from the dif-
ferent growth conditions in the two experi-
ments: the temperature was 18°C in our
experiment, whereas SuBBA Rao and PAN
(1993) incubated their cultures at 10°-12°C. In
addition, dominant and companion species were
different and the physiological status of the
cells might also have been different. As a mat-
ter of fact, the photoadaptation indice I. (300
umoles m~?s™") suggests that the cells we used
were light-adapted, while those of SuBBa Rao
and PaN (1993) were shade-adapted (I.=14-69
pmoles m 2s™). The different initial slope val-
ues a: 0.053 and 0.013-0.047ugC pg Chl-a™' h™!
[umole m~*s71], respectively, also suggests bet-
ter photonic efficiency in our Dinophysis cf.
acuminata-dominated population (PLATT et al.,
1980). Altogether the P—I parameter values

which have been recorded so far in Dinophysis
species indicate a high degree of tolerance to
high light levels when compared to other
dinoflagellates (RICHARDSON et al., 1983); al-
though Garcia and PurDpiE (1992) reported a
similar feature for Gyrodinium cf. aureolum.
Temperature appeared to be an important fac-
tor triggering the photosynthetic activity of
Dinophysis cf. acuminata. At 18°C, their spe-
cific carbon uptake rate was roughly 15 fold
higher than that at 7°C. The optimal tempera-
ture, 18°C, is that of natural water at which
Dinophysis cf. acuminata is usually most abun-
dant along the French Atlantic coast (DURAND
CLEMENT et al., 1988; DELMAS et al., 1992;
LAssUS et al., 1993). Nevertheless, significant
photosynthetic activity did occur at 7°C. This
finding is consistent with those of other authors
who reported Dinophysis species growing at
rather lower temperature: Ozaka (1985) ob-
served cells of D. fortii in the Mutsu Bay, as
soon as the temperature of surface water
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exceeded 8°C, whereas they were undetectable in
winter; REGUERA et al. (1993) observed
proliferations of Dinophysis cf. acuminata over
a wide range of temperature 12.5°-22°C); and
GIACOBBE et al. (in press) found several species
of Dinophysis in a range of temperature (10-28
°C), although the maximum growth of D.
sacculus was fond at 19°C.

Losses of inorganic carbon taken up by
Dinophysis cf. acuminata-dominated assem-

blages occurred at all temperatures (Fig. 1).
However, the relative loss rate versus the carbon
uptake rate was minimum (circa 10%) at the
optimal photosynthesis temperature (18°C); at
lower temperature, losses were significantly
higher (almost 5096), while a higher tempera-
ture caused only a slight increase (circa 15%).
Such photosynthetic-carbon losses are not un-
common in marine algae.  According to
LANGDON (1993), losses of carbon due to respi-
ration may account for up to 40% of the light-
saturated photosynthetic rate, and respiratory
losses are even larger when the entire euphotic
layer is considered. On the other hand, excretion
of organic carbon (i.e. direct transfer of dis-
solved organic carbon from the algal cell to the
water) in extreme cases may constitute 60-90 %
of the fixed carbon (LaNCELOT, 1979;
SAKSHAUG, 1993). At optimal conditions of
temperature, light and nutrients, excretion ac-
counted only for 2.5% of a total loss of 10%,
thus leaving a 7.5% loss ascribed to respiration.

Such low losses might result from optimal
conditions during growth (LaNceLoT, 1983)
and/or from heteroprophic assimilation and res-
piration by bacteria of the organic compounds
released (L1 and Dickig, 1991). In addition, the
uptake of organic compounds by Dinophysis cf.
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acuminata itself should be considered a possibil-
ity. GRANELI et al. (in press) reported that D.
acuminata and D. norvegica are indeed able to
assimilated radioactively labelled carbon in the
dark, and suggested they may have utilize dis-
solved organic carbon exudated by other algae
or feed on microorganisms through phagocy-
tosis. Moreover, these species have been proved
to be mixotrophic and preying upon ciliates
(JAacoBsON and ANDERSEN, 1994). In conclu-
sion, the uptake of inorganic carbon which oc-
curred during 1.5 hour in the dark phase (Fig. 3)
might have resulted from dark fixation; accord-
ing to L1 et al. (1993), light-independent '‘C
fixation in microalgae is accomplished by S-
carboxylating enzymes and requires subst-rates
originating from an intracellular carbohydrate
pool.

The increase of extracellular DFAA during
the dark phase (Fig. 4) is rather surprising.
MoprPER and LINDROTH (1982), for instance,
have shown that DFAA concentration in the
Baltic Sea was maximum in the evening and
minimum at dawn, and FLYNN and BUTLER
(1986) who reviewed laboratory and field stud-
ies suggested that maximum rates of DFAA up-
take would occur in dark conditions in waters
depleted of dissolved inorganic nitrogen. We
can at present suggest no clear explanation; we
only can remark that DFAA excretion in our ex-
perimental cultures occurred under nutrient-
replete conditions (12.5¢mole 17 nitrogen and
other nutrients at balanced concentrations were
added prior to incubation).

From data on the total amount of inorganic
carbon taken up versus POC content at the same
time in the Dinophysis cf. acuminata-dominated
population, we calculated a notional specific di-
vision rate of 0.37 division day™. This value is
roughly in agreement with DELMAS et al. (1993)
who calculated, from cell density data, a lower
maximum apparent in situ growth rate (0.25 di-
vision day™, in a natural population where D.
sacculus, D. acuminata and D. rotundata were
the most abundant Dinophysis species. In con-
trast, the few other growth rates previously re-
ported for the Dinophysis genus were rather
higher: GRANELI et al. (in press), from calcula-
tion also made with carbon uptake data growth
rates, obtained 0.52-0.73 doublings day™ in D.

acuminata, 0.25—0.38 doublings day™® in D.
norvegica, and 0.36—0.45 doubling day™ in D.
acuta; SAMPAYO (1993), trying to cultivate
Dinophysis spp., obtained a growth rate of 0.6
division day™ in both D. acuminata and D.
acuta. From estimations by the cell cycle
method, CuaNG and CARPENTER (1991) re-
ported an in situ growth rate( u) of 0.67 day™
(=0.97 division day™), in D. acuminata. The
discrepancy between extreme values might have
originated from the different growth condi-
tions, but could also have been influenced by the
different protocols of measurement; DELMAS et
al.’s (1992) values of net growth rate may have
been reduced by grazing, while CHANG and
CARPENTER’s (1991) method eliminated the ef-
fect of grazing.

5. Conclusion

The photosynthetic capacity of D. cf.
acuminata and D. acuta is ascertained. Three of
the species most frequently cited as being
responsable for Diarrheic Shellfish Poisoning
(DSP) episodes (LEE et al., 1989; YASuMoOTO,
1990) are therefore photosynthetic organisms.
Nevertheless, an overall mixotrophic mode of
nutrition should be considered a probability.
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Résume-Des populations phytoplanctoniques naturelles des cotes atlantiques francaises
ont été enrichies en D. cf. acuminata and D. sacculus par filtration differentielle et sédi-
mentation inverse. Le taux d’assimilation photosynthétique du carbone a été mesure
(**C) sur une suspension cellulaire exempte de Diatomées et fortement dominée par D. cf.
acuminata et sur des cellules de D. acuta isolées une a une et ensuite regroupées en nombre
croissant. En présence de lumiére, I’assimilation photoautotrophe a été directement pro-
portionnelle au temps d’incubation ou au nombre de cellules. Le taux moyen d’assimila-
tion par cellule de D. acuta est relativement faible (21 pg Ch™"). Le taux d’assimilation
chez la population dominée par D. cf. acuminata s’accro t quand la température s’éléve de
T'C-a 187C; a 23°C, il est réduit de moitié par rapport a la valeur maximale. Une fraction
importante du carbone assimilé est rejetée & 1’obscurité (36-48% a 7-11°C et 12% a 18°C).
Dans des conditions optimales de croissance, 1’excrétion de carbone organique est continue
et faible (0.5-2.3% du carbone assimilé). A la fin de la phase obscure, la concentration des
acides aminés libres dissous (DFAA) augmente significativement et représente 37% du car-
bone excrété total. Les parametres P-I ont des valeurs semblables a celles mentionnées
pour d’autres espéces phytoplanctoniques: @ =0.0534gC ©g Chl-a*h™ [umole m ~*s™'] 7,
Pm®=161gC ugChl-a™ h™" et ,=300#moles m *s™' Le taux de croissance de la population
dominée par D. cf. acuminata est estimé a 0.35 division. jour ™.

Ces résultats établissent la capacité d’assimilation photosynthétique de D. cf. acuminata
et D. acuta, sans exclure un comportement nutritionnel mixotrophe.
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Some Improvements in the Salicylate-Dichloroisocyanurate

Method for Determining Ammonia in Seawater”

Jing-shan YU **, Takashi ISHIMARU **, Masaaki MURANO** and Akira OTSUKI"*

Abstract : An automated indophenol blue method using low toxic salicylate and stable
dichloroisocyanurate are applied for determining ammonia in seawater. Light treated
and non-light treated potassium hexacyanoferrate were examined as catalysts and the sen-
sitivity were compared with nitroprusside. A low reaction temperature of 45°C which does
not cause ammonia formation from amino acids can give sufficient sensitivity for the deter-

mination.

1. Introduction

Phenol-hypochlorite method of SoLORZANO
(1969) is widely used to measure the concentra-
tion of ammonia in seawater in both manual
and automated analyses. This method is based
on indophenol reaction in which ammonia reacts
with phenol and sodium hypochlorite in the pres-
ence of sodium nitroprusside to produce an
indophenol blue. However, phenol is not easy to
deal with because of its toxicity, stimulative
smell and corrosiveness, especially in a labora-
tory where living organisms are handled. Fur-
thermore, a noxious, highly volatile o-chloro-
phenol is formed during measurement. It
penetrates human skin rapidly, and is nearly 3
times more toxic than phenol to fish (see Bower
and HoLMm -HANSEN , 1980).

Otrsux! and SeExiguHi (1983) applied sali-
cylate-dichloroisocyanurate (DIC) method to an
automated analysis of ammonia in freshwater.
In this method, the salicylate has low toxicity
and DIC is stabel in the condition of powder and
DIC is also more stable than hypochlorite in so-
lution. They used potassium hexacyanoferrate
(CF) as a catalyst which are known to give a
blank lower than nitroprusside. A heating tem-
perature of 55 °C were used in their study to get
enough sensitivity, but they also suggested the
temperature could cause interferences due to the

* Received April 20, 1994
** Department of Aquatic Biosciences, Tokyo
University of Fisheries, 4-5-7 Konan, Minato-
ku, Tokyo 108

release of the ammonia from some amino acids
and urea in the water. LIDDICOAT et al . (1975)
and Hampson (1977) applied the ultraviolet
light irradiation for activating CF as a catalyst
to get higher sesitivity.

In the present study, we applied the salicylate-
DIC method to automated determination of am-
monia in seawater. CF activation by
fluorescent lamp also has been tested to get high
sensitivity and lower reaction temperature.

2. Experimental

Apparatus A Technicon-type autoanalyzer
which is composed of a MHRE 22 proportioning
pump (Watson-Marlow Co.) and a PP-1 color-
imeter (Hirama Inst.) has been used in this
study. The schematic layout of the manifold is
shown in Fig. 1.

Reagents Ultra pure water which were ob-
tained from Milli-Q system (Millipore Co.) was
used for the preparation of reagents. Offshore
seawater without detectable concentration of
ammonia was used for the preparation of stan-
dard ammonia solutions. Reagents were pre-
pared according to the previous method by
Ot1suK! and SExiGgucHI (1983), except the so-
dium niroprusside solution.

1) Buffer-catalyst reagent;0.8g of sodium hy-
droxide, 20g of trisodium citrate and 4g of CF
or 0.02-0.08g of sodium nitroprusside were dis-
solved and made up to 200ml.

2) Salicylate reagent; 80g of sodium salicylate
was dissolved and made up to 200ml.

3) Chlorine donating reagent; 4g of sodium
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Fig. 1. Schematic diagram of manifold for the automated determination

of ammonia in seawater.

Table 1. Influence of salinity.

Concentration Absorbance of

of ammonia color-developed sample

Freshwater Seawater
(uM)
I I 1 I
10 0.185 0.189 0.189 0.190
50 0.483 0.485 0.490 0.492
100 0.650 — 0.645 —

hydroxide and 2g of DIC were dissolved and
made up to 200ml.

4) Standards; The stock standard solution was
prepared by dissolving 0.6607g of ammonium
sulphate to 1000m! of water. The working stan-
dard solutions were prepared by diluting stock
standard solution.

0.1ml of Brij-35 was added to each reagent.
Light activation of hexacyanoferrate by fluo-
rescent lamp The buffer-catalyst reagents were
irradiated by a fluorescent lamp (Toshiba
NEOLINE, 10W) at a distance of 0.1m before
adding to the sample, when CF was used as a
catalyst. After keeping the buffer-catalyst rea-
gent in the dark for 3 hours, the blank experi-
ment was performed for the comparison with
activated reagent.

3. Results and Discussion
Influence of salinity We applied the same

buffer and coloring reagent concentration as
those which is used in OTSUSKI and SEKIGUCHI's
method (1983). To assess the effect of salinity
on absorbance, two groups of standards were
tested by using CF as the catalyst. Although dif-
ferences 1in salinity caused fluctuation in
absorbance in the flow cell of the colorimeter at
the beginning of the mixing, identical height in
absorbance was obtained with standards in
freshwater and seawater (Tabel. 1). According
to KOROLEFF (see SEARLE , 1984) the “salt
effect”is directly related to the differences in
the reaction pH and precipitates formed with
seawater. Therefore, the concentration of
trisodium buffer and pH in the OTSUKI and
SEkIGUCHI (1983) are adequate for seawater
analysis.

Absorption spectrum The maximum absorp-
tion wave length of indophenols depends on the
constituent of phenolic compound. They also
have minor changes depending on the reagent
concetrations, pH and the presence of an organic
solvent. The maximum absorption wave length
of indophenol obtained from the present method
(Fig. 2) suggests that a range of wave length be-
tween 626 nm and 668 nm is suitable for the pre-
sent automated method. The wave length of
maximum absorption is similar to the result
of acetone-catalyzed manual o-chlorophenol
method, rather than that of sodium salicylate in
manual methods (SEARLE, 1984).
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Fig. 2. Relationship between wavelength of
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Fig. 3. Relationship between illuminated pe-
riod of catalyst and absorbance of color-
developed sample solution.

Catalyst Fluorescent lamp was applied instead
of ultraviolet lamp, when CF was used as the
catalyst. Absorbance increased about 3 times
higher than that of untreated CF (Fig. 3), when
an irradiation more than 10 minutes was used.
Although the actual mechanism is not com-
pletely understood (SEARLE ,1984), it has been
found that ultraviolet light irradiation is suit-
able for the formation of aquapenta-
cyanoferrate which is considered to be the
catalyzing ion. Krom (1980) summarized the
reaction mechanism and concluded that
aquapentacyanoferrate can be produced from
nitroprusside via oxidation and also from
hexacyanoferrate via ultraviolet light irradia-
tion. Fluorescent lamp can also be used for the
activation of CF.

Orsuki and SEkIGUCHI (1983) raised the re-
action temperature to 55 °C, for the purpose of
increasing the sensitivity. We tested the light

w
o

ABSORBANCE PEAK HEIGHT(cm)

1.0 . : L
20 30 40 50 60

REACTION TEMPERATURE (°C)

Fig. 4. Relationship between reaction tem-
perature and absorbance peak height of
color-developed sample solution.
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Fig. 5. Relationship between nitroprusside
concentration and absorbance of color-
developed sample solution.

activated catalyst reagent at various tempera-
ture between 20 and 55°C (Fig. 4). The activity
saturated when temperatures higher than 40 °C
are applied. Orsukl and SEkicucH! (1983)
showed that with raising temperature
absorbance peak was increased exponentially
from 37 to 55°C. If non-activated CF was used
as the catalyst, higher reaction temperatures
may be necessary to obtain higher sensitivity,
because the formation of aquapentacyano-
ferrate may also be temperature dependent.
Amino acids in seawater are reported to decom-
pose and release ammonia at a temperature
higher than 50 °C. Therefore 45°C may adequate
as reaction temperature, especially for the
analysis in productive seawaters including high
concentrations of amino acids.

To compare the sensitivity of salicylate-CF
method and the salicylate-nitroprusside method,
the optimum concentration of nitroprusside was
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Table 2. Comparison between salicylate-
nitroprusside method and salicylate-CF method
on blank absorbances and sensitivities.

Concentration Blank Abs. 10uM Abs.
Hexacyanoferrate 0.042 0.312
Nitroprusside 0.076 0.333

determined. Optimum  concentrations of

nitroprosside were between 0.02 to 0.04g/100 ml
(Fig. 5). Higher concentraion more than 0.4g/

100 ml decreased the absorption value about 30
9% of the optimum. The result is inconsistent to
Harwoop and Huyser (1970) in which increas-
ing concentration of nitroprusside over the opti-
mum did not affect the sensivitity, if other
reagents were kept constant. The final conce-
tration to give highest sensivity was 47 mg/1
which is almost the half of the Technicon
method (88 mg/1) (Technicon method, 1978).
The salicylate-nitroprusside method has a
slightly higher sensitivity than the salicylate-
CF method, but it has higher blank (Table 2).

4. Conclusion

Salicylate-DIC method of OTSUKI and
SErIGUCHI (1983) can be applied for the deter-
mination of ammonia in seawater. Salicylate-
CF method has lower blanks, but needs light
irradiation; salicylate-nitroprusside method is
more convenient, but has high blank values. We
suggest the use of salicylate-nitroprusside

method for usual measurement, but salicylte-CF
method with light activatin for the deter-
minaion of low concentration of ammonia
which needs a low blank.
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Vorticity Front around Kuroshio Flow”

Shigehisa NAKAMURA **

Abstract: Vorticity front around the Kuroshio flow is studied by using a theoretical model
and a NOAA satellite thermal imagery. This vorticity front can be taken as a thermohaline
or a thermal front which is located just neighbour the Kuroshio flow. This front could do
to demonstrate the sea level rise during a period of the Kuroshio flow shifting to the coast.
The Kuroshio shift is one of the factors at evaluating coastal hazards caused by a storm

surge aocompanied by a typhoon.
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Fig.1. Schematic model of a vorticity front as the
Kuroshio front x=L(Y,t) around a shelf
which is shown by a bathymetric pattern
h=h(x) off the coast (O-Y).

A model distribution of vo along the X axis
demonstrates a discontinuous profile at x=1.
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Fig.2. Evolution of vorticity front
1) The parametric condition should be referred to what is shown in Table 1.
2) Time stepping is taken by an arbitral scaling for convenience.
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PEEERICE - TESA BT EPARERIITTH S,
ZITlR, ZoHBB%E Fig. 3R L, 2L, »°
72— OMGEORKFEMIE, ERNCEZZ &N
T& AP, bR LZERTIR, ML, Eei
bDITEEFE LR BEBIEV, HREERZ S OO
DI, & 5ISROKRETE T AR STOEME-
TWa, ¥6ic, BEEEREHEOMOMERGORE
Hlicid, ¥ OMITNELEND 5,

D& BEEEE, BESHEEOREHMLOF
HzTReE g 5 cmicid, ERICHHTLT, Efichr
BMMARER TOBEOBAUILETH 5,

6. & =

AXTiR, BHlvoviid BE7osrELTESR,
HRL L o s R ATE IS 81 3R 7 o v b OFfERNZE
FiEie%E, BRTEFVICL-> TR L, COEFE
Bicld, 7oy  VELORF v v T OVIBEE, BIHISML
LTovorbodh, KE BEMoRRK #IREEZo
SRS EHPEELTWE, 0L HBERBERESE, AT
BEOFRAEBRTE OB 7o Y FOfliconT,
EMRCRET Lz, Bl o v F OZHBERE, RS
s L omEKEIChHb SRS OBIREHS
L, ZOXHIBKEOTH&FIERBOEE R
EBTEBLIIC, SHRIBIEME LS TRE SR
Vo ZDRHITE, MABEERE L TOBRIEICL 2%
ROEMC b 2B KETH 3, 5%, BREME
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THEOHEN S EHOENE T ERTEBETHA D,
B, AXOZRCEGE» SBERLEES W

Table 1. Nonlinear Parameters of Kuroshio Front

Case f/g»  ao qn h. s B
A 5 0.1 -1 0 1 5
B 5 0.2 -1 0 1 b)
C ) 0.1 -1 0 1 5
D -5 0.2 -1 0 1 5
E 0.2 01 -1 0 1 )
F 1.7 01 -1 0 1 b)
G ) -0.2 -1 0 1 b)
H ) -0.2 -1 0 1 5
m

Rem :
(1) Potential vorticity g»=Qhiand 7:1=f/qs (cf.
eq. 30),

(2) Initial condition L(y, 0)=1+as sec A’ By,

(3) Depth profile h=hi exp[s(x—1], h.=h:/ho
(cf. eq. 35),

(4) Refer to eq.44 for B, where 8=Q/[h(x)]V".

Note:

A : Northern hemisphere (as reference), in a
mid-latitude,

B : Asis “A” with a large amplitude a,
C:Southern hemisphere (cf. “A”)
D : Asis “C” with a large amplitude ao,
E:Northern hemisphere-in a lower latitudere,
F:Northern hemisphere-in a higher latitude,
G : Asis “A” with a negative amplitude,
H:As is “C” with a negative amplitude.
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Fig. 3. One example of the satellite thermal patterns of the Kuroshio front as a vorticity front.
1) The marks “S” and “T” are showing the locations of Shirahama Oceanographic Tower Station(S)
and the Tosabae(T) as an extention of the Muroto Knoll.
2) The isotherms of “P~P” and “R-R” are for 14°C and 15°C respectively. The Kuroshio front must be
just neighbor the isotherms.

3) The Kuroshio main flow must be just south of the isotherm “R-R”, and the Kuroshio front must
be just around or north of the isotherm “R-R”.
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On Tsunamis around Cape Aonae in Okushiri Island”

Shigehisa NAKAMURA ™~

Abstract: A notice is given on tsunamis around Cape Aonae in Okushiri Island. This cape
was swept by the tsunamis just after the earthquatke on 12th July 1993. First, the location
of the island off southwest Hokkaido is introduced with considerations of plate tectonics.
Referring to the data, the tsunamis’ effects are estimated. A bird’s-eye view obtained
from a photograph of Cape Aonae is telling us what processes have been effective at col-
lapsing the coastal structures after the tsunamis’ overflow. A hypothetical model is intro-
duced to realize the collapsing process of the structures on the coast qualitatively. The
result suggests us that the first overflow might be effective to induce erosion around the

structures.
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Fig. 1. An overview of the plates around the Japanese Islands.
1) The geographic north pole is shown by a mark NP.
2) The notations of EAP, NAP, PCP and PHP are for the Eurasian, North Ameri-
can, Pacific and Philippines Plate, respectively.
3) The point at R is the center of relative motions of EAP and NAP.

(caustesy of Nihon Keizai Shinbunsha).
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Fig. 2. Surveyed elevations of 1993 tsunamis’ innundation (in metric unit).
1) The mark of L shows the location of Aonae area.
2) The surveyed results are referred at the courtesy of the Japanese Meteorological
Agency.
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Fig. 3. Coastline profile arounde Cape Aonae.
1) The references are the areal photographs obtained by the National Geographical
Institute.
2) The mark of L denotes the location of the light house at Cape Aonae.
3) The dotted line is a contour to demonstrate high land.
4) The notations of A, B, C, D and P should be referred to those in Fig.4.

Fig. 4. A bird’s-eye view of Cape Aonae obtained out of a areal photograph at the loca-
tion of P (cf. Fig. 3).
1) The mark of L is the light house at Cape Aonae.
2) Collapsed coastal structures can be seen at the locations of A, B. C and D.
3) Significant gap around the mark of E suggests erosion on the land surface.
4) The mark F shows the wrecked boat respectively.
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Fig. 5. Schematic patterns of possible collapsing process of coastal structure.

1) Time elapses from A to F successively.

2) The case on the west coast around Cape Aonae might be similar to the pattern-1.
3) The case on the east coast around Cape Aonae might be similar to the pattern-2.
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Faits divers

Exemples de Biotechnologies Marines au Japon

Les biotechnologies marines englobent un en-
semble de techniques et de disciplines scien-
tifiques mettant en jeu des organismes marins.
En toute simplicite, il s’agit plutdt d’appliquer
au milieu marin des connaissances acquises dans
le domaine des biosciences et des biote-
chnologies. Plus encore, si I’on considére ce mi-
lieu comme un vaste réservoir de matiére vivante
(ce qui est le cas), quiconque recherche de
nouvelles molécules ou de nouveaux organismes
est concerne. Pourtant, le potentiel d’innova-
tion que présente les biotechnologies marines
ne doit pas eétre surestimé. Compte tenu des
coiits d’obtention du matériel vivant il doit
8tre evalueau plus juste.

J’ai choisi de développer ici trois thémes liés
aux ressources marines dont les résultats offrent
des perspectives a court ou moyen terme. Un ac-
cent particulier sera mis sur les travaux
realises au Japon dont I’organisation fait preuve
d’originalite et de cohésion.

Le premier theme, celui des substances
biologiquement actives est peut-étre le plus
ancien. De nombreux travaux ont été realisés
et quelques programmes de grande envergure
sont en cours en France, au Japon et aux U.S.A.
Les perspectives qui se profilent autour de cet
axe sont paradoxalement dirigées vers la chimie
fine et la synthése organique plutotque vers la
pharmacologie. La recherche de telles sub-
stances est essentiellement orientée vers la quéte
de métabolites secondaires. Ces molécules sont
les véritables chefs d’orchestre de ’organisation
de la vie dans un écosysteme donné en rythmant
et guidant les compor-tements des individus
appartenant a une méme espéce ou 4 Une espéce
differente. Le plus etonnant est que ces méta-
bolites secondaires semblent répondre a des
cytokines et méme des molecules exogénes a
visées therapeutiques, c’est a dire en agissant
par l'intermédiaire de systémes récepteurs li-
gands.

Ensuite, le theme des micro-organismes sera
aborde. En dehors de souches typiquement ma-
rines dony 1’isolement et la caractérisation peut
offrir des avantages significatifs par rapport
aux souches deja connues, les micro-organismes
marins sont trés etudiés car le role de leur mé-
tabolisme dans 1’écosystéme marin est encore
sous estimé. En effet, contre toute attente, les
metabolites secondaires issus des organismes
supérieurs comme les éponges ou les autres
invertébrés marins sont originaires des micro-
organismes. La collecte de ces formes de vies
ala base de la chaine alimentaire intéresse
plusieurs domaines. J’ai choisi dén développer
deux pour 'originalité et 'audace avec laquelle
ils sont traités dans 1’archipel japonais.

Le premier concerne 1’etude et la collection de
nouvelles souches bactériennes dites extre-
mophiles. Il s’agit des bactéries vivant a grande
profondeur (entre 2000 et 6000m) a des tempé-
ratures situées entre 80 et 110 °C. Ces bactéries
possédent donc un arsenal enzymatique thermos-
table capable de catalyser des réactions chimi-
ques essentielles a hautes températures suscep-
tibles d’intéresser I'industrie chimique.

Le second est d’étudier les micro-organismes
capables de fixer le CO. gazeux. L’aug-
mentation de ce gaz dans ’atmosphere est un
probléme écologique d’actualité. Au cours du
cycle du carbone, une étape importante de disso-
lution du CO: atmosphérique dans 1’océan
permet & l'atmosphére de se déecharger d’une
partie de ce gaz. Les coccolithophores sont des
micro algues photosynthétiques qui s’entourent
d’une carapace calcaire CaCO; en utilisant le
CO. dissous. La maetrise d’organismes de ce
type est un debouche certain pour des industries

polluantes.
Le troisieme théme &tudié correspond au
“biofouling”. Ceci traduit la capacité de

certains organismes a adhérer sur un support
solide en milieu aquatique. C’est le cas de
nombreux invertébrés qui se fixent sur la partie



138 La mer 32, 1994

immergée de la coque des bateaux et dont le
resultat est une progression rapide vers le
phénoméne de corrosion ce qui impose la mise
en cale seche du bateau. Tous les systémes
de refroidissement par échange calorique
sont egalement concernés par ce probléme.
L’impact économique du “biofouling” se chif-
fre a 5 milliards $US sur ’ensemble de la
planéte excepté la Chine et la C.1.S.

Sur le plan de la recherche, le “biofouling”
est etudié de deux fagons. D’abord l'etude de
la biochimie de la fixation des organismes
marins, puis la recherche d’inhibiteurs agissants
a différents stades de la formation des sub-
stances adhésives.

Le domaine des biotechnologies marines au
Japon est activement exploré et fait l'objet
d’une coopération serrée entre l’industrie et
l'université comme dans beaucoup d’autres
domaines d’ailleurs. Le gouvernement japonais,
par I'intermédiaire du Ministry of International
Trade and Industry (M.I.T.L.), a effectué un
investissement significatif de 1,5 Milliard de Y
en 1990 avec la construction de deux centres de
biotechnologies marines et de deux navires océ-
anographiques. Vingt quatre sociétés japo-
naises participent a hauteur d’environ 30 Mil-
lions de Y chacune et par an a ces projets. Ces
societés couvrent des secteurs trés varies comme
la peinture, la sidérurgie, l’agrochimie et la
verrerie. Le secteur des biotechnologies marines
au Japon est ’exemple type d’un investissement
4 moyen et long terme et générateur d’emplois.

Au cours d’un stage post doctoral de dix huit
mois a 'université de Chiba, j’ai travaille sur la
synthése chimique d’un alcaloide antitumoral,
extrait d’une éponge. A cette occasion et afin
d’illustrer le théme de la recherche des sub-
stances biologiquement actives, j’utiliserai par-
tiellement les résultats et perspectives obtenus
au cours de ce travail.

1. Les métabolites secondaires pharmacologi-
quement actifs.

Historiquement, c’est la découverte du prin-
cipe actif du poisson lune (la Tetro-dotoxine)
dont la structure fut déterminée en 1964, qui
marque le début de ce type de recherche au Japon.
Les travaux modernes sur la queéte de métabo-
lites secondaires ont eté initiés par des

chimistes tels que I. KITAGAWA de 'université
d’Osaka et T. HigA de 'universitée des Ryukyus.
Aujourd’hui, la plupart des universités ont un
programme de recherche de métabolites
secondaires d’origine marine ou terrestre.
Plusieurs equipes se partagent les organismes de
I’archipel subtropical d’Okinawa. J. I. KoBa-
YASHI et H. NAKAMURA de 'université de Sap-
poro ainsi que N.FUSETANTI et K. TACHIBANA de
l'universite de Tokyo ont accumulé une série
impressionnante de résultats tant sur le nombre
de molécules extraites que sur la diversité des
activités pharmacologiques.

Les métabolites secondaires sont des sub-
stances fabriquees ou ingeérées par les orga-
nismes vivants marins ou terrestres. Confor-
mément a leur définition, ils ne sont pas
absolument mdispensables aux fonctions
vitales de lorganisme en question, con-
trairement aux acides nucléiques et aux molé-
cules & caractére énergétique. Néanmoins, ils
régulent de facon deécisive les comportements
sexuels, nutritionnels et guerriers des individus
a ’intérieur d’un écosystéme donné. La spé-
cificité et la sélectivité du fonctionnement des
meétabolites secondaires rappelle celui des systeé-
mes recepteurs ligands que ’on trouve a la base
de toute communication cellulaire chez les
organismes supérieurs. Cette apparente ana-
logie justifie I'espoir de trouver dans le milieu
marin mais aussi terrestre des composeés a voca-
tion therapeutique.

L’archipel d’Okinawa au sud du Japon jouit
d’un climat subtropical favorable a 1’épanouis-
sement d’une vie marine riche. Bien qu’il soit
vain de faire ici une liste compléte des com-
posés doués de propriétés pharmacologiques et
isolés dans cet archipel, quelques exemples sig-
nificatifs de molécules isolees de cdnes, d’epon-
ges, de tuniciers ou de micro algues symbio-
tiques peuvent cependant etre retenus.

En 1983, S. SATO isole deux peptides de vingt
deux acides aminés comme composant principal
du cene Conus geographus (1). Ces peptides
bloquent sélectivement les canaux sodium
musculaires alors qu’ils sont sans effet sur les
canaux sodium nerveux. Geographutoxines I et
II sont, depuis, un outil pharmacologique utile
pour discriminer les difféerents sous types de
canaux sodium.
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Arg-Asp-Cys-Cys-Thr-Hyp-Hyp-Lys-Lys-Cys-Lys-
Asp-Arg-Gln-Cys-Lys-Hys-Gln-Arg-Cys-Cys-Ala-NHo..
Geographutoxine 1.

Depuis 1987 et 1988, J.I.KOBAYASHI a isolé de
trés nombreux alcaloides doués de proprieté
scytotoxiques a partir de tuniciers ou d’éponges.
Cette activité est le plus souvent antitumorale
in vitro sur des lignees cellulaires du type L1210
et cellules KB comme dans le cas des Prianosines
et des Cystodytines (2,3). Plus récemment, il a
isolé les Ircinals A et B, dont la ressemblance re-
spective avec les Manzamines A et B indique une
probable filiation métabolique (4). Pourtant,
Ircinals et Manzamines ontété isolees d’especes
d’éponges différentes. Ces quatre alcaloé des
sont également antitumoraux in vitro.

Des molécules de type macrolides ont ega-
lement eté isolées a partir de microorganismes
par J. I. KoBAYASHI en 1988. L’exemple des
amphidinolides cytotoxiques sur cellules tumo-

Prianosine A.

CHO

Ircinal A.

rales L1210 et KB, mais également activateurs
de I’ATPase liee 4 1’actomyosine sur muscles
blancs de lapin est parmi les plus intéressants.

I. KITAGAWA a également extrait des macro-
lides cytotoxiques, comme les Swinholides en
1990 a partir de micro algues.

N. FUSETANI travaille aussi sur des extraits
d’éponges cytotoxiques et certains inhibiteurs
enzymatiques. En 1989, il publie la structure
originale de la déoxytédanolide qui présente une
bonne activité antitumorale in vitro sur la leu-
cémie murine P388. Des inhibiteurs de protéine
phosphatase 2A, de Serine protease et d’ATPase
H+/K+ dépendante ont également été décrits
par son groupe (5). Aujourd’hui, ses efforts
semblent se concentrer vers 1’origine mé tabo-
lique de ces composé s et en particulier, le phé-

NHR

Manzamine A.
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Amphidinolide B.

noméne de symbiose entre les éponges et les
micro algues.

L’un des objectif de cet article est de cerner
quelles sont les contraintes mais aussi les per-
spectives liées a4 I’étude des métabolites secon-
daires d’intérets pharmacologiques. Voyons cela
au travers d’un exemple concret, la Manzamine
B sur laquelle j’ai travaille au labo-ratoire du Pr
HINO a I’Université de Chiba, nous allons exam-
iner ces différents points.

Les Manzamines sont une famille d’alcaloi-
des extraits d’éponges d’espéces différentes par
des equipes également différentes entre 1986 et
1988. Leur structure chimique originale ainsi
que leurs activiteés cytotoxiques (contre des
cellules tumorales et contre le staphylocoque
doré) ont rendu nécessaire la synthése chimique
de cette molecule. Cette démarche, en effet, est
classique. Deés lors qu’un composé a été extrait,
sa structure determinee et ses activites pharma-
cologiques caractérisées, la synthése chimique de
celui ci est indispensable pour au moins deux rai-
sons:

1) Pour disposer d’une quantité suffisante de

Va x

\ a) Synthese biomimetique.

la molécule pour des tests pharmacologiques et
toxicologiques approfondis.

2) Pour @8tre capable de fabriquer des
analogues de cette molécule afin d’en améliorer
I’activité ou d’en diminuer la toxicite.

Cependant, la synthese totale des métabolites
secondaires est souvent difficile pour la simple
raison que ces molécules ont une structure chimi-
que complexe.

Prenons 'exemple de la Manzamine A. Elle
possede cing centres asymétriques, et une struc-
ture pentacyclique reliée & une B carboline.
Parmi les cinq cycles, I’un est a quatre cotés, un
autre & huit cotés et un troisiéme a treize cotes,
c’est 4 dire des cycles peu ordinaires dont la
stabilite thermodynamique est moyenne et qu’il
est par definition difficile de reconstruire.

Le raisonnement est donc le suivant; nous
avons des composes potentiellement intéressants
sur le plan pharmacologique dont la synthése
chimique est souvent trés complexe donc trés
chére et tres longue, et dont le développement
necessite quand méme qu'on en dispose en
quantité raisonnable. Pourtant, ces molécules
ont été produites par la nature, elles sont donc
biosyntheétisables. Puisque nous aussi on essaie
de les produire, intéressons nous a leur bio-
synthese. D’ailleurs, la decouverte des diffe-
rentes etapes métaboliques et des enzymes res-
ponsables de celles ci est un double facteur de
progrés pour la synthése organique, ce que 1’on
peut illustrer dans le cas de la Manzamine A:

1) Le chimiste s’inspire de la voie empruntée
par la nature; c’est la syntheése biomimeétique.
Baldwin (6) a proposé pour la biosynthése de la
Manzamine un schéma réactionnel dont 1’etape

CHO

b) Systeme enzymomimetique.

Etape clef de la biosynthese des Manzamines (d’apres Baldwin et AD (6).
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clef est la suivante:

La synthése biomimeétique serait dans ce cas
précis de faire une réaction chimique capable
d’effectuer cette étape, comme par exemple une
réaction de Diels Alder intramoléculaire.

2) Le chimiste utilise les outils de la nature;
c’est le systéme enzymomimetique. C’est a dire,
faire la réaction avec des enzymes connues et
dej a isolés ou tenter d’isoler directement 1’enzy-
me responsable de cette étape dans ’organisme
en question.

Ainsi, la recherche de métabolites secondaires
pharmacologiquement actifs est susceptible
d’apporter des résultats dans:

1) La découverte de nouveaux produits d’in-
téret pharmaceutiques.

2) La découverte de nouvelles voies de syn-
thése chimique par compréhension de la biosyn-
these.

3) La découverte de nouvelles enzymes d’in-
terét biotechnologique.

Cette approche de l’étude des meétabolites
secon-daires est trés répandue au Japon et fait
I’objet d’un travail de fond en particulier pour
les organismes marins de ’archipel d’Okinawa,
mais également sur les foréts tropicales des
pays en voie de développement de 1’Asie du sud
est (projet Jungle Bio).

Par ailleurs, I’étude de la biosynthése des
métabolites secondaires d’origine marine a
permis d’en découvrir un aspect fondamental; la
majorité des meétabolites secondaires trouves
dans les éponges, les tuniciers, ou les autres
invertébrés marins, ont pour origine des micro
organismes. Ainsi donc, soit par une associa-
tion symbiotique, soit par une accumulation au
niveau de la chaine alimentaire, ces métabolites
secondaires sont en fait produits par des bacté-
ries ou des micro algues. Ceci renforce 'intérét
scientifique consacré au second théme de cet ar-
ticle.

2. La bactériologie.

L’intérét pour les micro-organismes (donc
pour les bactéries marines) se justifie deja
comme nous venons de le voir, par la recherche
de nouvelles substances bioactives. Ceci consti-
tue un premier motif de collecte systématique.
Nous allons au cours de ce paragraphe examiner
deux autres centres d’intéréts pour les bactéries

marines.

a) Les bacteries ultrathermophiles.

Elles sont par définition capables de vivre et
de se reproduire a des tempeératures supérieures
4 80°C. L’une des particularités du milieu marin
est d’offrir des conditions physicochimiques
variables d’une région a ’autre de la planéte
mais également en fonction de la profondeur.
La conséquence est que les formes de vie qui le
peuple sont également variables car elles doivent
mettre en place pour survivre, des ré ponses
appropriees a ces contraintes physicochimiques.
La pression, (fonction de la hauteur de la
colonne d’eau) est un paramétre fondamental
du milieu marin. En effet, avec I’augmentation
de la pression, c’est la profondeur qui grandit
donc la température et la luminosité qui dé
croissent. Le long de cette colonne d’eau, un
gradient s’établit et tout au long, des micro-
organismes de” veloppent des syste” mes
enzymatiques capables de résister aux condi-
tions en vigueur a cette profondeur. Des bacté
ries ultrathermophyles (arche” obacte™ ries)
ont été découvertes prés de sources hydrother-
males situées entre 2000 et 6000m de profondeur.
Celles ci sont capables de survivre a des tem-
pératures situées entre 80 et 110°C, ce qui im-
plique la présence d’un matériel enzymatique
hors du commun, surtount en ce qui concerne la
stabilité thermique. L’intéret de collecter de
tels organismes, est précisement de caractériser
ces systémes enzymatiques et de verifier s’ils
n’ont pas d’application industrielle possible
dans la catalyse de diverses réactions a haute
température.

Ce théme est relativement neuf car il n’a éte
initié que vers la fin des années 1970 par
des équipes frangcaises et nord américaines (les
seules possédant des submersibles de grande
profondeur). Aujourd’hui, le Japon entre dans
la competition par l’intermeédiaire du JAM-
STEC grace a la construction de deux submersi-
bles de ce type (Shinkai I et II actuellement en
service). Une partie des travaux est effectuée
aux centres de biotechnologies marines de
Shimizu et Kamaishi (M. B. 1.) en association
avec le navire océanographique Shogen maru. Le
JAMSTEC est pour sa part 'initiateur du projet
Deepstar dont les principaux thémes abordeés
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sont:

-L’étude des techniques allant du prélévement
des micro-organismes marins jusqu’ & leur mise
en oeuvre dans les fermenteurs.

-I’étude des bactéries ultrathermophiles des
grands fonds, en particulier celles capables de
dégrader les hydrocarbures sous une forte pres-
sion.

En France, ces recherches sont confiées a un
specialiste de 'IFREMER, Mr G. BARBIER au-
teur de plusieurs articles sur ce sujet.

Ce sont, jusqu’a present, plusieurs dizaines de
souches qui ont été decrites et maintenues en cul-
ture. La possibilité d’en extraire les enzymes
thermostables est activement étudiee. Les pre-
miers essais de fermentation ont montré que des
problémes liés a ce type de souche (faible
biomasse en phase exponentielle de croissance et
problémes de corrosion) sont des facteurs limi-
tants. La publication du clonage et de l’ex-
pression d’une B galactosidase thermostable
dans une souche bactérienne courante confirme
I’aspect prometteur de cette approche altema-
tive.

b) Les bacteries fixatrices du CO:.

Le probléme de ’accroissement du CO: atmo-
sphérique mondial et de ses possibles consé-
quences (tel que ’effet de serre) implique la
mise en place de systemes de traitement pour ce
gaz.

A T’échelle géologique, les organismes marins
calcifiants ont diminué le CO. atmosphérique en
fabriquant des dépots de CaCOs. Aujourd’hui,
on sait que ce dépot est un processus lie a la
photosynthése dont les principaux sites marins
sont les barriéres de corail. S. MivAcHI de
I’institut des biotechnologies marines a etudie la
fixation du CO: et la production de CaCO; par
les récifs coralliens de l’ile de Ishigaki (Ryu-
kyus). La conclusion de son étude est que 1,4%
de la production annuelle de CO; par le Japon
peut étre fixée par le corail de cettéle. A
moyen terme, et en tenant compte des objectifs
de diminution de la production du CO:, cette
technique sera capable d’absorber entre 10 et 20
9% de la production annuelle japonaise. Tous les
efforts de recherche consistent maintenant a
“exporter” cette technologie prés des sources
polluantes des sites industriels.

Un autre moyen de résoudre ce probléme de
pollution est également étudie. Il s’agit de
I’étude de la production de CaCO; (& partir de
CO.) par certaines algues vertes calcaires. Chez
ces organismes, le calcaire est déeposé sous forme
de coccolithes. Les premiéres mesures effectuées
ont montré que la culture en masse de ces micro
algues unicellulaires peut egalement répondre de
fagon significative aux problémes de pollution
par le CO,. Ainsi, qu’il s’agisse de bactéries ou
de micro algues, la collecte et I’étude de ces
organismes est en mesure d’apporter une
contriboution raisonnable 4 ce probleme de pol-
lution.

3. Le *“biofouling”

Nous avons définis en introduction ce phéno-
meéne comme la capacité d’adhésion de certains
organismes sur un support solide en milieu
aqueux. L’importance économique de ce phé-
nomene n’a pas échappé aux investisseurs japo-
nais. Les sociétés Kansal paint (pein-tures),
Hazama-gumi, Kagima, Shimizu et Taisei (génie
civil) ont investi dans les projets du M.B.L.

Le “biofouling” est un axe particuliere-
ment étudié dans cet organisme, ou ’on observe
deux voies d’approche:

1) L’gtude de la biochimie de la fixation des
organismes marins. La connaissance de ce phé-
nomeéne permettra de dégager des cibles enzyma-
tiques (ou de type récepteur) qu’il faudra cher-
cher a inhiber.

2) La recherche d’inhibiteurs d’enzymes
responsables de la formation des substances
adhesives (comme la polyphénol oxydase).

Des résultats trés récents ont pu mettre
en évidence le role de certaines familles de
molecules. M.WATARU du centre de Shimizu a
montré dans un journal japonais (7) que
certains acides gras insaturés sont responsables
de 'activité “antifouling” de la moule bleue
Mytilus edulys. D’autre part il a également mis
en évidence le role de certains dérivés indoliques
possédant également une activite “antifouling”.

Sur le plan du meécanisme, le “biofouling”
débute toujours par la formation en trois étapes
d’un film bactérien. D’abord, c’est la surface
qui se recouvre d’un mince film organique com-
posé de substances adhésives. Ensuite ce film se
superpose de bactéries colonisantes primaires.
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Enfin, ce sont des bactéries secondaires qui
remplacent les premieres souches, cela rend le
terrain favorable a la fixation des particules et
des micro-organismes.

De nouveaux, 1’action des micro-organismes
est a 'origine du phénomeéne de “biofouling”.
L’importance que prennent ces formes de vie
primitive dans 1’écosystéme marin ne cesse de
croetre, ce qui étonne plus d’un spécialiste.

Conclusion.

Dans cet article, nous avons vu que
I'ob-servation du milieu marin est en mesure
d’apporter un élement de réponse non négligea-
ble a des problémes encore sans réponse satis-
faisante. La quéte de nouvelles moléecules a4 vo-
cation thérapeutique est, plus que par le passé,
devenu une nécessité. La recherche de ce type de
composes peut également et paradoxalement
apporter des innovations dans le domaine de la
synthése organique par 1'uti-lisation d’enzymes
issues directement du metabolisme de ces molé
cules. C’est aujourd’hui 'axe prometteur de ce
type de recherches.

Les trois exemples qui ont été traités ici, ont
permis de dégager 'importance des microorga-
nismes marins. La collecte, I’étude systématique
du materiel enzymatique. de ces orga-nismes et
une bonne diffusion de linformation, est
I’approche qui a ete choisie au Japon. Outre les
premiers résultats qui ont ete publies, le domai-
ne des biotechnologies marines génere des em-
plois.

Nous avons en France des atouts de choix pour
reussir dans ce domaine. Notre présence par
I'intermédiaire des DOM-TOM dans pratique-
ment toutes les mers du monde en est un. Sur le
plan technologique, nous occupons une place de
premier plan en particulier pour la quéte des
grandes profondeurs. Des résultats promet-
teurs sont obtenus aussi bien dans la collecte de

bacteries marines que dans celui des substances
naturelles en Nouvelle-Calé donie dont 1’exce-
ptionnelle qualite de la flore et de la faune est
reconnue dans le monde entier et au Japon en
particulier.

Des progres immediats sont peut étre & notre
portee si beaucoup d’entreprises dont le domaine
d’activite, a priori éloigné des biotechnologies,
engagent un effort de réflexion sur ce que ce
type de recherche peut apporter, non seule-
ment 4 court terme mais aussi en réfléchissant
sur une période de dix ou vingt ans.

Les exemples de cet article sont en
partie evocateurs des possibilites existantes,
mais ils ne refletent pas tous les aspects actuel-
lement etudies. Les domaines de la cosmétique
et de ’agro-alimentaire sont également concer-
nes.
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