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SUMMARY: Three phytoplankton species were cultivated in
different 2n concentrations (0.08 - 8.00 uM). Primary
pro?&ction and photosynthetic activity were determined by
NaH"*CO3 incorporation. Photosynthetic activity increased up
to 74% under 4.00 and 8.00uM of Zn. This can be understood
as algae self-protection in order to overcome pollution.
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INTRODUCTION

Many aquatic environments in different areas of the
world are polluted with high heavy metals concentrationsl.
In Brazil heavy metal contamination has been well documented
for Sepetiba Bay, State of Rio de Janeiro, due to a Zn and
cd industry2'3'4'5.

In heavy metal polluted waters, phytoplankton has to
develop physiological adaptations to survive. Among these
changes some are very specific 1like the production of
metallothioneins® or special excretion mechanisms’ .
Probably, before the ocurrence of such. modifications, some
others can occur. In algae they may involve adaptations in
photosynthesis process in order to mantain the energy
supply.

In the present paper three phytoplankton species from
Sepetiba Bay were cultivated with different Zn
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concentrations to observe any possible change in primary
production and photosynthetic activity.

MATERIALS AND METHODS

Phaeodactylum tricornitum (diatom), Chlorella sp.
(chlorophyte) and Synechocystis sp. (cyanobacteria) were
cultivated respectivelly in £/2, WC and ASM-1 media8/9/10,
Simultaneous cultures with 0.08 uM- (control); 0.16 uM (20
Zn); 4.00 uM (50 Zn) and 8.00 uM (100 2n) were mantained
under 25%2°C and 67uE.m 2.s”! in a 14:10 light: dark cycle.
In exponential phase primary production was measured by
NaH14C02 incorporation11 using a total activity of 74x104Bq
(20 uC). After a 4 hour period of incubation, cultures were
filtered in 0.45uM Millipore cellulose membrane. Filters
were dissolved in Bray solutionl? and samples were counted
in a LS-250 Beckman Scintillation System. The same cultures
were monitored for chlorophyll a measurements following
extraction in acethone 90% and spectrophotometric readings
at 665 nm and at 750 nm for turbidity correction 13 12¢
correction by alkalinity and results convertion to ug C.l™
1h! or to ug c.chla™l.h7l also followed 13. Final results
were compared by means of percentage related to the control
- (100%).

RESULTS AND DISCUSSION

Table 1 shows primary production values for the 3
species studied. Comparing results for 106 cells, no
significant difference was found: for the diatom cultivated
under high 2Zn concentrations. However for the chlorophyte
and the cyanobacteria there was respectivelly a decrease and
an increase in primary production values in the contaminated
conditions. The increase observed for Synechocystis sp. (50
Zn= 7.33 ug C.lo'scells) could be explained by the role of
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14,15 which could have led to a

gn in carbonic anhydrase
greater COp fixation.

Chorophyll a values for the 3 species are shown in
Table 2. Despite the differences in pigment content between
species, it is clear that controls had the highest values
for both diatom and chlorophyte. Synechocystis sp. 100 Zn
condition had the highest chlorophyll g value. The increase
in chlorophyll a production has been reported for a variety
of species submitted to high heavy metal
concentrationsl6s17,

Differences in chlorophyll a content are responsible
for the differences found in photosynthetic activity. This
is shown in Table 3 and Fig. 1. P. tricornutum had a greater
photosynthetic activity when cultivated under high 2n
concentrations due to the lower values of the pigment in
these conditions. The same happened to Chlorella sp. For
Synechocystis sp. the reason for the increase in
photosynthetic activity is due to the increase in primary
production.

In the stressed conditions used, the increase in
chlorophyll a seems to be the first sign for algae
protection. However this does not reflect a higher
photosynthetic activity as the increase in primary
production does. Probably the increase in chlorophyll
synthesis occurs as a compensatory mechanism in order to
supply damages in photosynthetic structures. It is known
that high heavy metals concentrations can danificate
chloroplasts 18,

It could be speculated that protection mechanisms are
used by stressed algae in order to keep the functioning of
photosynthetic system. This, of course happens in heavy
metal concentratibns that are under the lethal ones. The
survival of primary producers in such conditions, provided
that some of them can accumulate metals 19, can be dangerous
" in the sense of metal tranfer through food chain in aquatic

ecosystems.
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ABLE 1: Primary production values (2ug c.171.n7L; bug c.10™
cells) of the 3 species cultivated under different Zn
concentrations

Control 20 Zn 50 Zn 100 Zn
*—0.0130 0.0139 0.0108 0.0130
P.tricornutum b 4 -4 4 -4
3.07x10™* 3.36x10 3.85x107* 3.80x10
5. 0677 0.06064 U0.0020 0.0584
Chlorella sp. 3
b 3.35x1073 1.32x1073 1.1.x1073 1.01x10"

[+

00422 0.0567 00595 0. 0460
Synechocystis sp.
b 4.95%x1073 6.36x1073 7.33x1073 s5.67x1073

TABLE 2: Chlorophyll a values (aug.l"l; bug.10"6cells) for
the 3 species cultivated under different Zn concentrations

Control 20 Zn 50 Zn 100 Zn
. 406.00 348.00 301.60 348.00

P.tricornutum
b 0.422 0.362 0.235 0.337
—T7T5.00 T16.00 115.00 T16.00
Chlorella sp.
b o.164 0.140 0.120 0.133

. & 1856.0 1624.0 1624.0 1624.0
Synechocystis sp. b 0.109 0.091 0.089 0.127
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TABLE 3: photosynthetic activity values (ug C.ug chla~l.n71)
of the 3 species cultivated under different zZn

concentrations

Control 20 2Zn 50 Zn 100 Zn
P.tricornutum 8.00x10~% 9.19x10™% 10.8x10"% 11.2x1074
Chlorella sp. 9.93x1073 13.2x1073 18.2x1073 12.1x1073

Synechocystis sp. 4.55x1073 6.98x10™3 7.33x10™3 5.67x1073
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FIGURE 1: Photosynthetic activity of the 3 phytoplankton
species cultivated under different 2n concentrations
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