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Response of tolerant and wild strains of Scenedesmus biguja to copper
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Abstract

Copper tolerance in Scenedesmus biguja was studied by comparing the physiological properties and Cu uptake in wild
type and copper tolerant strain. A concentration dependent reduction in growth rate, pigment, protein, sugar, and amino
acid contents, oxygen evolution, and alkaline phosphatase activities was noticed in both strains at 1 and 200 pg(Cu) dm>.
The reduction in all parameters was higher in the wild type than in the tolerant strain. The tolerant strain showed also
enhanced alkaline phosphatase activity, and insignificant loss of potassium and sodium. The Cu uptake was influenced by
the Cu concentrations the algae had been exposed to during their previous growth: the lower the Cu concentration in the

culture medium, the higher the activity of the uptake and the capacity of the cells to accumulate Cu.
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Introduction

Tolerance to heavy metals in organisms including algae
may develop either while growing in metal contaminated
natural habitats or through successive cultivation at
elevated doses in the laboratory (Rai er al. 1991). Cases
of acquired resistance to Cu in algae growing in Cu-
contaminated fresh water habitats are numerous (e.g.,
Stokes et al. 1973, Stokes 1975, Butler ef al. 1980, Rai et
al. 1991, Lombardi and Vieira 1998).

Copper is an essential trace element for plants,
because it participates in photosynthetic electron transport
and also plays a role as a cofactor of several oxidizing
enzymes. However, higher copper concentrations resulted

Materials and methods

Scenedesmus bijuga (Turp.) Lagerh. was isolated from
River Nile at El-Minia, Egypt. The alga was grown in
Kuhl's medium (1962) at 22 °C, irradiance 60 pmol ms”!
and 14-h photoperiod. The concentrations of Cu provided
to the medium as copper sulfate was 0.5 pg(Cu) dm™ (as
in the river water).

Copper tolerant strain of Scenedesmus biguja was
isolated by successive culturing on agar plates (Kuhl’s
medium) containing different Cu doses (0.05 to
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in an inhibition of photosynthetic electron transport (Shioi
et al. 1978), the destruction of the chloroplast membrane
(Sandmann and Boéger 1980 a), inhibition of the
formation of photosynthetic pigments, and decrease in
intracellular K* and Na' concentrations (De Filippis
1979). A lack of copper, on the other hand, can partially be
compensated, for example by a substitution of phyco-
cyanin by cytochrome ¢ (Sandmann and Boger 1980 b).

In the present paper we investigate copper tolerance in
Scenedesmus biguja (isolated from the River Nile) by
comparing wild type and tolerant strains exposed to
different Cu concentrations.

0.5mgdm>) as described by Whitton and Shehata
(1982). Colonies appearing on plates containing
0.3 mg dm™ Cu were picked up and transferred repeatedly
to agar plates spiked with the same concentration of Cu.
Colonies growing successfully on such plates and also in
liquid medium containing 0.3 mg dm™® Cu were
designated as copper tolerant strain. When this tolerant
strain was subcultured in the basal medium that devoid of
Cu and then transferred to the medium spiked with
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0.3 mg(Cu) dm”, a gradual loss of tolerance in the strain
was noticed after every successive generation (Rai et al.
1991). Hence, the strain isolated was not a spontaneous
mutant but a physiological adapted one.

A standard initial inoculum of both wild type or
tolerant strains were inoculated to culture flasks (250 cm®
each) that contained 50 cm’ of nutrient medium supplied
with 1.0 and 200 pg(Cu) dm™ and basal medium as a
control. At the end of incubation period (7 d) cultures
were filtered and washed several time by distilled water
for different measurements. At least three replicates for
each samples and control were used.

Growth was measured in terms of cell number using a
haematocytometer, which was used for calculation of
growth rate (Nichols 1973). Chlorophyll a was estimated
in acetone extract according to Metzner et al. (1965).
Sugar content was determined by the anthrone method
(Roe 1955) using glucose as a standard. Total amino acid
content was determined according to Moore and Stein
(1948). Total protein was measured according to Lowry
et al. (1951). Photosynthetic oxygen evolution was
measured at 27 °C and a irradiance of 450 pmol m™ s
with a Clark type oxygen electrode (¥YSI 4004) connected

Results and discussion

The data of this study indicated that the amount of copper
used (which is higher than that in River Nile, 0.5 ug dm™)
strongly affected the physiological and biochemical
processes of the wild type Scemedesmus bijuga. Cu
supplementation severely reduced the growth (growth
rate, dry mass), and chlorophyll a, protein, sugar and
amino acid contents of the wild type in a concentration

with a Servogor 460 recorder.

Copper uptake by algal cells was measured according
to Fathy and Falkner (1997) by a Perkin-Elmer Atomic
Absorption Spectrometer (Mode! 4000, Norwalk, USA)
with graphite furnace (HGA 500). The incorporated
amount was calculated from the decrease of the copper
concentration in the incubation medium, divided by the
cell number. The calculated values are the mean of
triplicates, the standard deviation was less than 5 % of
these mean values.

To known mass of algal cells, cold bidistilled water
was added and grinding with acid washed sand was done.
The samples were centrifuged for 15 min (g = 2 000 -
3 000), made up to definite volume and used immediately
for making assay. Alkaline phosphatase was determined
colorimetricaly at 700 nm according to Burton and Riley
(1954).

The K" and Na” present inside the cells were released
by heating the washed pellets in boiling water bath. Cells
were then removed by centrifugation and amount of K*
and Na’ were determined with the help of a clinical flame
photometer Corning 410C (Corning Science Products,
Halstead, England) according to Rai et al. (1991).

dependent manner. However, the impact was insignificant
on the tolerant strain (Table ). A concentration-
dependent reduction in dry mass, pigments, protein, sugar
and alkaline phosphatase activity was in good agreement
with previous findings (Fisher and Frood 1980, Sato e al.
1986, Rai et al. 1991).

Table 1. Effect of 0, 1.0, and 200 pug(Cu) dm™ on growth rate, dry mass, chlorophyll (Chl) a content, oxygen evolution, protein, sugar
and amino acid contents, and potassium and sodium contents in wild type and copper tolerant strains of Scenedesmus bijuga

measured after 7-d treatment. Mean of three replicates * SE.

Strains Wild type Tolerant

Cu concentration control 1.0 200 control 1.0 200

Growth rate [divisions d'] 0.26£0.01 0.13+£0.00 0.00 034+0.01 0291000 0301001
Dry mass [mg dm(medium)] 326+0.01 1.50+0.01 0.02+001 4.65+0.03 3.23+0.01  4.00%0.03
Chl a [mg dm”*(medium)] 206+0.02 137+£0.05 0.05+0.01 464+0.02 3.06+0.02 3.32+0.02
0, evolution [umol(0,) mg” (protein) s']  0.015 0.008 0.002 0.018 0.013 0.013
Protein [% (d.m.)] 28.65+0.05 2062+ 0.03 12.81+0.04 37.22+0.04 3.65+002 34.82+002
Sugars [% (d.m.)] 65.11£0.03 2898+0.05 10.32+£0.02 8831+0.02 ,7.66+£0.04 6521+0.02
Amino acids [% (d.m.)] 3026003 2232+0.04 821+£0.02 3532+0.02 3532+0.02 3541+0.04
K" [g g''(protein)] 0.24+005 010+£0.02 0.10+002 028+003 020+0.02 022+0.02
Na' [g g'\(protein)} 0.12+£0.03 006+£0.00 004+000 0.15+002 0.12+0.02  0.12+0.02

The results of this investigation clearly show that
increased metal concentration depressed the photo-
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synthetic activity of the two strains of Scenedesmus
bijuga, causing lower Chl a content especially in the wild



type. This suppression can be attributed to inhibition of
reductive steps in chlorophyll biosynthesis in algae or to
the severe interaction with the transport chain, water
splitting site and oxidoreductase being the most sensitive
steps (De Filippis 1981, Hofner et al. 1987a).

Copper treatment resulted in decreased Chl a content
in both strains coupled with low photosynthetic rate and
reduced sugar content. This reduced sugars content
perhaps contributed to suppression of protein
accumulation by shortage of carbon skeleton. Such results
are in accordance with those of Hofner et al. (1987a,b).

In tolerant strain at 1.0 and 200 pg(Cu) dm>, the
inhibition of photosynthetic oxygen evolution were only
27.54, and 39.19 %, respectively. But in the wild type the
inhibition was 41.81 and 88.44 % at the same copper
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concentrations (Table 1). The oxygen evolution was more
severely affected by Cu treatment in the wild type than
the tolerant strain of Scenedesmus. The effect of Cu
occurred within less than 1 min after addition of it,
indicating that this ion passes rapidly into the cell (Fathy
and Falkner 1997).

As compared to Na“, the decrease in K” content was
more pronounced in both strains. However, the decrease
in Na" content was more severe in the wild type than in
tolerant strain. The low K and Na” content in the cells of
the tolerant strain after copper treatment supported the
opinion that tolerance in this alga was achieved through
change in the permeability of plasma membrane (De
Filippis 1979).
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Fig. 1. Alkaline phosphatase activity [nmol pg'(protein) h'] of wild type (open circles) and tolerant strain (closed circles) of
Scenedesmus bijuga as affected by 1 (dashed lines) and 200 (full lines) ug(Cu) dm™.

The alkaline phosphatase activity was suppressed
more by Cu in the wild type than in the tolerant strain, At
higher Cu concentration the tolerant strain possessed
higher activity of alkaline phosphatase than the wild type
(Fig. 1). Similar results were found in Cd- and Pb-
resistant strains of Pseudomonas marina (Chan and Dean
1988). However, the mechanism needs further study.

When algae were washed with a copper free medium
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Fig. 2. Influence of the copper concentration (1.0 pug(Cu) dm™ -
dashed lines, and 10 pg(Cu) dm™ - full lines) on the time course
of copper uptake [10° ug(Cu) cell'} of wild type (open circles)
and tolerant strain (closed circles) of Scenedesmus biguja.

and then exposed to different copper concentrations in the
incubation medium employed for uptake experiments,
both the initial velocities and the amount of copper
absorbed during exposure to elevated copper
concentration were related to the copper concentrations
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Fig. 3. Thellier plot of the initial velocities of copper influx,
with the wild type (4) and tolerant strain (B) of Scenedesmus
biguja. Copper concentrations in the uptake experiment were 1,
2,5, 10, and 20 pg(Cu) dm™.
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the algae had experienced during preceding growth
(Fig. 2). The higher the copper concentration in the
growth medium, the lower the observed rate of net uptake
under the experimental conditions. A Thellier plot
(Thellier 1970, 1993) of uptake data obtained with the
wild type and tolerant strains, followed straight lines that
intercept the log Cu concentration axis at the
concentrations 0.33 and 0.5 pg(Cu) dm” for the wild type
and tolerant strains, respectively (Fig. 3). The mentioned
concentrations represent those below which the net uptake
of Cu becomes negative and growth ceases. The Thellier
plot of the concentration dependence of the rate of copper
absorption showed that during this physiological
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