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Sea water contains free amino.acids in concentrations
ranging from 20 to 1060 pg dm (Andrews and Williams
1971). The most abundant representatives of this group
of compounds in the surface water were found to be gly-
cine, serine and ornithine. The amino acids are utili-
zed in the phytoplankton cells as the source of nitro-
gen as well as carbon in the case of slow rate of pho-
tosynthesis (Paul 1985).

Heavy metals distribution in the sea water can be in-
dispensable or delitorious for the organisms living in
that environment depending on their concentration and
speciation (Florence 1982; Morel and Hudson 1985).

The bioavailability as well as toxicity of the elements
are strongly influenced by the organic matter dissolved
in water. Saunders (1957) postulated, that the interac-
tion between organic matter and trace elements results
significant ecological consequences.

The effect of a number of organic compeounds, including
amino acids, on the toxicity of heavy metals was tested
(Fogg and Westlake 1955; Jones 1970; Baccini 1983), but
there were no reports elucidating compounds represen-
ting various types of structure.

This paper deals with the effect of amine acids repre-
senting various structure groups on the toxicity of
copper, cadmium and mereury against to Chlerella wvulga-
eis and Apabeana variabilis.

MATERIALS AND METHODS

Axenic strains of Anabaena variabilis obtained from the
Moscow University Collection and Chlorella wvulgaris
(A1-76) isolated from the Baltic water, were chosen as
the tests organisms. The algae were grown on sterile
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synthetic Bristol’s medium (Starr 1964) with the,fol-
lowing modifications: ammonium nitrate (5 x 10 "M)

was applied instead of sodium nitrate, no Na EDTA_Has
added and the concentration of ferric ions wgs 10 °M

The medium was inoculated.to achieve the concentration
of chlorophyllsa 3 x 10" "mg cm ®> with the Cyamophyta

cells or 10°tm * of Chlorephyia cells and the cul-
tures were incubated 7 days at 28"+ 2°C and at contin-
nous illumination of 6000 lux.

This cycle was repeated after addition of water solu-
tions of amino acids and salts of heavy metals to the
appropriate samples. The final concentrations in the
analyzed cultures of glycine, alanine, methionine, va-
line, glutamic acid, aspartic acid, glutaminelSaspara~
gine, proline and histidine were 2.5 x 10 “M, whe-
reas serine, tyrosine,_gysteine, phenylalanine and
tryptophan were 5 x 10 "M because of their lower solu-
bility.

Copper was-added as Cu50, x 5 H,0 to a concentration
of 7.9x10 'M and cadnium®as_ Cdfl, x 2 1/2 H,0  to

a concentration of 3.5 x 10 "M in“bath cultures, wbg-
reas mercury as HgCl, to a concentrationgof 9.8x10 "M
in Anabagna vapiabilZS and 7.4 x 10 "M in Chlorsgl-
1a vuigaris cultures.

The flasks were rinsed with hydrochloric acid and

washed several times with redistilled water. The ad-

sorption of heavy metal ions on the glass surface and
their real concentrations in the cultures were not

measured because of the comparative mode of celcula-

tion of the results.

The effect of the amino acids tested on the toxicity

of heavy metals to the phytoplankton cells was deter-
mined as the ratio of the amount of chlorophyll a in
the tested and control (without heavy metals) samples.
The chlorophyll a in the cultures was measured by means
of the modified ~Strickland and Parsons (1972) method.
All the experiments were repeated no less than three
times. '

RESULTS AND DBISCUSSION

’The results of the effect of the amino acids on the
toxicity of copper, cadmium and mercury to Anabasna
variabilis and Chloegella vulgaris are presented 1in
Tables 1-2

The amino acids dissolveg5in the medium in concentra-
tions below 2.5 x 10 “M did not cause any substan-
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tial increase in the concentration of chlorophyll a,
which was no more than 10% higher in the samples con—
taining the amino acids compared with the control
group.

Addition,of copper to the cultures at concentration
7.9x 107 'M caused 80 and 50% inhibition of the growth
of the blue-green and green algae, respectively.In the
presence of amino acids the toxicity of copper tc the
phytoplankton cells was significantly modified. In the
presence of cysteine, aspartic acid and tyrosine, com-
plete disappearance of the toxic effect was observed
in the both cultures, with asparagine and tryptophan
in the culiures of C¥angghzta, and glycine in tfhose

of Chlorophyta.Significant increase of the biomass was
observed also in the presence of the remaining amino

acids; only alanine and phenylalanine did not modify
the toxicity of copper to the green algae cells.

Table 1. The effect of aminoc acids on the toxicity of
copper, cadmium and mercury to Chlorella wvulgaris.

Aminop W =L oo TR
acid without Cu Cd Hg
added  heavy 7.9x10" M  3.5x107%M  7.4x107 %M
metals 777 ¢ ormmmmo o
control 100 + 7.0 54 + 6.0 23 + 3.0 54 + 8.0
GLY 104 ¥ 6.0 29 ¥ 7.0 29 ¥ 2.0 63 ¥ 9.0
ALA 100 * 5.0 57 ¥10.0 23 ¥ 5.0 77 ¥ 6.0
VAL 100 ¥ 4.0 74 ¥ 3.0 28 ¥ 4.5 71+ 4.0
SER 99 ¥ 6.0 78 * 6.0 28 ¥ 5.0 71 + 6.0
CYS SH 99 + 8.0 109 + 6.0 43 ¥ 5.0 120 ¥11.0
MET 103 ¥ 3.0 “83 ¥ 8.0 27 * 6.0 81 ¥ 5.0
GLU-OH 98 * 6.0 81 + 3.0 26 ¥+ 2.0 I + 6.0
ASP-OH 103 * 4.0 10% *+ 9.0 31 ¥ 2.0 7Z + 3.0
GLU-NH, 101 + 7.0 "78 * 6.0 727 + 4.0 75 + 5.0
ASP-NH; 106 #10.0 75 + 4.0 28 + 6.0 70+ 5.0
ARG 112 *16.0 70 + 2.5 25 % 3.0 69 ¥ 4.0
HIS 111 ¥ 5.0 TZ + 2.5 25 ¥ 5.0 78 + 5.0
PHE 109 ¥10.0 S + 8.0 25 ¥ 3.0 €8 * 4.5
TYR 101 + 5.0 89 + 3.0 30 ¥ 2.5 57 ¥ 5.0
TRY 100 ¥ 7.5 % ¥ 4.0 76 ¥ 5.0 7Z ¥ 6.0
PRO 109 ¥ 6.0 B3 ¥ 7.0 31 ¥ 3.0 7% * 6.0

e e e T e e e e e TR e e e TR R e e e e TR TS o e =

*control: the sample without heavy metals and amino
acid
--- differ 51gn1flcantly from the sample with heavy
“metal alone based on a Student’s t test, ®= 0.01. The
number of replicates = 9.

-6

Cadmium at concentration 3.5 x 10 "M caused 80% inhibi-
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tion of the growth of both algae species. 0f the amino
acids tested only cysteine substantially decreased its
toxic effect. The effect of the remaining amino acids

was weak or not detectable.

In experiments with cultures of Chlorella vulgaris
grown in_ahe presence of mercury at a concentration of
7.4 x 10 "M, cysteine was also the only amino acid that
fully cancelled its toxic effect. In the case of Ana-
baena variabilis cultures, a substantial decrease ~1in
the toxicity of mercury was observed for glutamine,cys-
teine and methionine.

Table 2. The effect of amino acids on the +toxicity of
copper, cadmium and mercury to Apabaena variabilis.

Amino bbbttt tnlnbtindtilobniebubbeln bkl
acid without Cu Cd Hg
affed ‘E:;;i§ 7.9x10 "M 3.5x1076M  9.8x107 %M
control 100 + 6.5 20 + 4.0 21 + 5.0 19 + 4.0
GLY 100 + 2.0 51 + 4.0 27 + 4.0 30 ¥ 4.0
ALA 104 + 3.5 28 + 6.0 26 + 4.0 32 + 5.0
- VAL 161 + 3.0 62 + 6.0 26 + 2.0 28 ¥ 2.0
SER 109 * 2.0 B0 * 5.5 25 ¥ 2.0 29 ¥ 5.0
CYS SH 110 * 4.0 1TI% + 8.0 51 ¥ 5.5 9T ¥ 6.0
MET 115 ¥16.0 ~73 * 7.0 33+ 3.0 1L + 7.5
GLU-OH 111 * 5.0 %3 + 8.0 7% ¥ 2.0 32 % 4.0
ASP-DH 101 * 4.0 9% + 8.0 28 r 2.0 30 + 3.5
GLU-NH, 106 * 2.0 2 ¥+ 7.0 77 ¥ 2.0 I3 ¥ 6.0
ASP-NH, 110 * 7.0 T3 ¥ 6.0 24.% 5.0 %6 * 5.0
ARG 105 ¥ 4.5 € + 6.0 25 + 2.0 22 + 3.0
HIS 97 * 4.8 BI + 8.0 24 ¥ 4.0 35 4.5
PHE 107 + 3.5 76 + 5.0 27 + 4.0 22 + 5.0
TYR 108 * 7.0 1083 + 8.0 33 % 3.0 30 + 4.0
TRY 111 + 5.5 ~8% *10.0 26 + 3.5 30+ 3.0
PRO 116 +10.0 i * 6.0 29 ¥ 3.5 30 + 2.0

e e s o e B e o TR ES e e e e e e e S e e T =

*control: the sample without heavy metals and amino-
acid

-- differ significantly from the sample with heavy
metal alone based on a Student’s t test, ® = 0.01.The
number of replicates = 9.

Reports on the toxicity of heavy metals against phyto-
plankton cells and its ecological significance have
frequently appeared in the literature. Studies on inhi-
-bition of the growth of various cultures of Cyanephyia
and Chlgzeghzta caused by the addition salts of copper,
cadmium and mercury were discussed in papers given by
Rosko and Rachlin (1977), Reuter et al. (1979), Cain
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et al. (1980).

Several authors also stressed the significance of the
forms of the metals in the sea environment upon their
biological properties, especially the influence of or-
ganic matter (Saunders 1957; Jones 1970; Sunda and
Lewis 1978; Florence 1982; Morel and Hudson 1985).

The results given in the present paper reveal that ami-
no acids affect the process of detoxification of heavy
metals in the sea environment.

Amino acids, peptides and proteins are abundant in the
sea environment. They are excreted by various organisms
or formed as a result of degradation of the organic
matter (Fogg and Westlake 1955; Fogg 1966; Mc Knight
and Morel 1979). The concentration of amino acids in
the sea environment was established as 20 to 100 pg dm?
(Andrews and Williams 1971).

Fogg and Westlake (1955) indicated the biological im-
portance of the interaction of extracellular polypeptl—
des with heavy metals. Formation of complexes of amino
acids with ions of heavy metals in the sea environment
was postulated by Jones (1970).Jackson and Morgan(1978)
performed a theoretical analysis of the observations
reported on the trace metal-chelator interactions and
phytoplankton growth in sea-water media.

Qur results revealed the ability of amino acids repre-
senting various structural groups to decrease the toxi-
city-of ions of copper, cadmium and mercury.0f the hea-
vy metals tested, copper was the most sensitive to the
presence of particular amino acids in algae cultures.
Gnly alaning and phenyloalanine did not cause a decrea-
se in toxicity of this element to tested algae cul-
tures.

The bislogical activity of mercury was less dramatical-
ly changed in the presence of the amino acids compared
with that of copper, however, all the tested compounds
caused decrease of toxicity of that metal to the plan-
kton cells.

The effect of amino acids on the toxicity of cadmium
was the weakest as compared with copper and mercury.
Among the tested compounds the . most active was cys-
teine.

These results correspond well with the known ability

of heavy metal ions to form complexes with amino acids.
However, analysis of the influence of various acids on

particular metals did not reveal any strict correlation
between the biological effect and chemical affinity.
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Amino acids have a greater influence on the toxicity of
copper and mercury to Anabaena cells compared with
Chlorella vulgaris.

The above results indicate that the interaction of
amino acids with ions of copper, cadmium and mercury
affect their biological properties, which can result
in ecological consequences.
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