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ABSTRACT

The capacity of dissolved microalgal polysacchardes to bind coppear

cadmium and zinc was studied by anodic stripping voltammetry (ASV)
marine species of the unicellular alga Chlorella were grown in
seawater (ASW), lacking EDTA, under contralled conditions Cultures

harvested after reaching the stationary phase of growth. The s
of thea growth medium was analysed. Preliminary characterization of

dissolved polysacchandas and thaeir metal- complexing capacilies are
oresented. The relationship betwean iha chamical struciure of the
Is580

palysaccharides and their metal-complexing properties is discl

INTRCDUCTIO?

Some industrial processas rasult in the release of heavy
cadmium, coppear, lead, marcury, and nickel, iInlo natural watar systams.

has lead o Increasing concarn about the effects of toxic heavy metals as
g )

environmantal contaminants. In the aguatic anvironmeant me
found in sadiments, as suspended particulates (>0.45um) in
arganic and inorganic colloids and in solution
nresent as fraa species, as inorganic complexes or as organic com
Since the initial report by Fogg and Westlake (2) extensive informa
release of metal-complexing organic materials by fresh-water and
has been published (3,4,5,6). Among the organic compoL

on

i dentified are humic and lulvic acids (7.8) and polysacchand a), Ith
i suggested that polysaccharides éxern their complexing aciion via
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interaction batween their negative charges and metal cations 10). Assocation
of metals with organic materals can afiact tha chamical state and availability ol
the metals in natural watars and hence their toxicity 1o biola (11,12,13).
Therefore, information on the total concentration of a particular matal in a water
sample, as measured by atomic apsarplion spectrophotomelry for instance, can
be misleading. Thus, analytical methods thal tacililale measuremeant of the frea
cations and determination of metal complexation are required. An
alactrochemical method such as anodic stripping voltammelry (ASV), has the
advaniages of being extremely sensitive, allowing multi-element analysis, and
requiring minimal sample manipulation (14) Egsentially ASV is a two step
alectroanalytical technique. In the first step: plating or preconcentration step, ine
metals are deposited from solution intc a small-volume mearcury electrode uncer
constant potential. In the second step, the metals are alectrooxidized from tha
marcury. The method relies on the assumplion, which is supported Dy
numerous studies {15, 16), that the ASV response is related only to labile ionic
species. The metal complexing capacity can thus be determined by plotling
the ASV peak current (lp) versus the concentration of Ihe added metal

In the presant work, the ability of dissolved polysaccharides oblained
from two different marine Chiorells species (C._stigmalophora and C. salina;
io bind zinc, cadmium, lead and copper, was studied, as well as their
preliminary chemical composition

MATERIALS AND METHODS

Chigrella stiogmatophora LB 993 and Chigralia saling 211-25 wara grown
in batch cullure using arificial seawater (ASW) prepa red in 1-liter
columns, 6§ cm in diameter, at 249C and maintained under continuous
ilumination with fluorescent coal-white light at 150 uE m2s-1. The medium
was aerated with sterle air containing 2-3% COs.

Growth was followed by counting cells with a hemocytometer. Cultures at
the stationary phase of growth were harvested by cantrifugation (10,000g for
15 min). The supernatant was collected, dialyzed and used for analyses.

Concentration of total sugars was determined by the phenol-sulfuric acid
method (18). Uronic acids content was estimated by the meta-
hydroxydiphenyl method (19). Sullate content was delarmined after
hydrolysis of the polysaccharide sample in 2 M HC! for 2 hat 1009C by
means of the rodisonate method (20). Anion-exchange chromatography was
performed on a DE-52 (Whatman) column Elution was performed by
successively passing through the column: doubly distilled water (Fraction 1},
then 0.5 M NaCl (Fraction 2), 5 M NaCl (Fraction 3), & M urea (Fraclion 4), and
0.5 M HCI (Fraction 5). The elution was monitored Dy the phenal-sulfuric acid
method (18). Contents of carbohydrate, sulfate and uronic acids, as wall as
metal-binding capacity, were determined for each fraction.

Metal ion concentration and metal-complexing capacity were measured oy
ASV in the ditferantial pulse mode (DPASV) as previously described (21,22)
The metal-complexing capacity of the tested solutions was determined by
addition o known amounts of the differant cations and monitonng cnhanges in
the ASV calibration curve. The total amount of cation required to reach the
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break point represents the complexing capacity of the original solution
chemicals used weara of analytical grade; appropriate blanks wera run 'rr al "1

them, and only correcled valuas are presanted

RESULTS

Nhen grown in batch culture under the congitions mentio ned abova, Ine
i “"Eia specias reached maximal cell concantrations of 150 108 call mi-1
sinmatophora and 60 108 call mi-! for C_saling T '@ concentrations
dissolved polysacchandas det erec n the growth medium after
=q cultures at the stationary phase of growth were similar (60 and 65 mg
I 58 aqv., respectivaly).

Tt e metal-complexing capacity of the dissolved polysacchar r* as produce

by -he two alga was measurad using DPASV. ASV peak heights

concentrations of Z Iné+, Cde+, Pbe+ and Cu<+, added s.urnnmr*euus:-,a to 30
sg 11 glucose eqv. of dissolvad polysaccharide from £, stigmatophorg are
:ur-:cserred in Fig. 1. Tha straight line obtained in responsa to Pb2+ addition
dicates that th e nﬂl-_.rsa::harda did not complax this matal. The braak in tha
'..';r-at-: n curves observed for Zn2+ and Cd2+ indicate that 30ug I"! glucose eqv
fthe C. stigmalophora polysaccharide exhibited complexing capacities of
200 and 150 ug I*1, respectively. The highest complexing capacity was

. 8

observed for “~ (400 ug I"'1). The sigmoidal shape of the titration curve
g9 G
abtain for Cut2 indicate the existance of at list two binding sites for this metal

@+ 0
L

Figura 1. ASV titration curves of currant peak heights vs. concantraticns of
Zn2+, Cd2+ Pb2+ and Cu2+, added to dissolved polysaccharide of

i:.” titration curves for simuitaneous addition of Z
ug I"! of dissolved polysaccharide from C. saling are presented in Fig
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Figure 2. ASV titration curves of current peak height vs. concentrations of Zne+
Cd2+ and Ph2+ added o C. salina dissolved polysaccharide

The straight lines obsarved for the three metals indicate that the . salfing
polysaccharide do not exhibite metal-complexing capacity for these metals. The
titration was continued up to 1000 ug I"! of each metal, including Cu2+ (not
shown), but no change in the pattern of the curves was obsarvec.

Chemical analyses of the two polymers revealed some diffarances in their
composition

TABLE
Uranic acid and sulfate contents of the dissolved polysacchrides oblained

from C. stigmatoporg and C. saling

— Uronic acid Sulfate
-q ﬂ.’g
C. sligmatophira 30 3
G, sgling 6 8

The polysaccharide of C._stigmatophorg contains about three times more
uronic acids than that of C._saling while the sulfate content of both polymers is
similar. Thus, a relationship between a high content of uronic acids i.e. high
negative surface charge,
and meatal-complexing capacity was observed.

Comparison betwean the eluticn patterns of the two polysaccharides
through DE-52 anion-exchange columns indicates that the C._salina
polysaccharide is mostly neutral or weakly charged (90% was siuted in ihe first
two fractions), while that from C_ stigmatophaora is highly charged (only 12%
was eluted with doubly distilled water and 0.5 M NaCl) (Fig. 3}
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Figura 3
. safina on a DE-52 anion-axchange chromatography column -
distilled water; 2= 0.5 M NaCl; 3= 5 M NaCl; 4=6 Murea; 5= 0.5 I“I

Elution profiles of the polysaccharides of ;MM_ -r-u

The uronic acids and sulfate content of each fraction eluted from the anion-
exchange column loaded with polysaccharide of C._stigmatophora were also
analyzed (Fig. 4)
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Uronic acids and sulfate contents of each ‘r:u::u:" GIL."ECI "nr" thae
C. stiomatophor sacchand
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Figura 4.
anion-axchange column loade

The highest contents of uronic acids and sulfate were measured in fraction

3, which was also the fraction where most of the polysaccharide of

C. stigmatophora was obtained
The metal-complexing capacity of the polysacchande eluted from each
fraction (chromatography of . stiomatlophorg polysaccharida) was measurad

5
The ASV peak | 1eignts vs. concantrations of Cu=* added to each fraction is

shown in Fig. 5
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Figura 5. ASV titration curves of current peak heights vs. concentrations of
Cu2+ added 1o each fraction eluted from the anion-exchange column, loaded
with polysaccharde from C._stigmatopharg. [The sugar content in each fraction

n ug glucose aqv. Fiwas: (1) 74; (2) 76: (3) 652; (4) 105; (5)' 35]

Mo binding of Cu2+ was observed in the neutral fraction. All the charged
fractions exhibited Cu2+-complexing capacity. However, the break point in
fractions 2 and 3 was followed by a linear response while that in fractions 4 and

5 (containing very highly charged polymears) was loliowed by a sigmoidal curve
DISCUSSION

The dissolved polysaccharides producad by the two Chlorella species

:_::!‘er in their chemical composition and metal-binding capacity. The native

solysaccharide from C_stigmatophara. which was found 1o be highly charged,
-uc*nmmr_i high metal-complexing capacity, whareas that of G, saling, which was
found to be mostly neutral and only weakly charged, did not bind metals under
the same experimental conditions. Moreover, the fraction from
C. stigmatophora containing the higest amount of urenic acids was the fraction
axhibiting the higest copper- complexing capacity. Since the polysaccharides
from the two Chigrella species contain similar amounts of sullate, it seems that
metal-complexing capacity of the C._stigmatophora polysaccharide is mainly
due to its content of urcnic acids. Our results are thus in agreement with
arevious studies suggesting that metal-complexing capacity is a function of
surtace ionic charge, resulting from carboxylic and hydroxylic groups (23.24,25

has been reported that extracellular polysaccharides, such as alginates ol
algal and bacterial origin and pectates from piants, which ara negayivly charged
and rich in uronic acids exhibit high metal-complaxing capacity (10). Similarly,
species of frash the fresh water alga Mesolgenium have an extracellular
polysaccharide, rich in uronic acids, which is capable l:T binding copper, and
thus protlecting the alga against toxic copper cations (2). Since metal
complexing capacity also depends on the concentration of the polysaccharide
t is possible that the weakly charged fraction of the C. saling because of the
low concantration.The differences in the shapes of the curves- sigmoidal for
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r and linear for the othar threa metals tested -indicate that the intaraction
/ean each malal and the polysaccharide is specific. It EEt-r:‘.u that copper is
by mora than aone polymer andfar by more than ona site on  tha same
mer. This is also supported by the results showing the binging of copper
by various Iractions obtained by lractionation tha C. stigmatophora
accharde. Polymers of four out of tha five fractions collected bind coppe
dicating that, indeed, polymars ditlaring in their content of uro
and :J*'u:ﬂ onic charges are able to bind copper ions. Moraover, the sigmoidal
of the curves obtained for fractions 4 and 5 indicates that these polymars
d.n mora than ona binding sita for copper ions, while these of fractions 2

3 have one bindig site for this metal. Additional information conceming the
noution -')-' tha lonic charges along the polymers and their secondary and

ry structure are required for better understanding of the mechanism(s)
volved in r—i:tal bingding by thase polymers.

It should be noted that native DdlySEl’.‘.-‘_‘:“Er:GES wara used for all ASV
measurements. Thus, cations such as Ca2+, Mg2+ Na+ and others were
probably attached o the pelysaccharides whan the complexing capacity for
heavy matals was tested. This implies that the heavy melals tested wera aither
intaracting with frea sites on tha polysacchande or competing with othar cations
on the available binding sitas on the polymar and pernaps Da rapiacing some of

nam

The cbsarvation that some native aigal polysaccharndes axhibit metal
complaxing capacity might be of ecological importanca, i.e. polysacchandas that
are capabile of binding heavy metals under natural conditions may thus serve
tural chelates. The dissolved polysaccharides studied in this work
stituta '}I"Il}' a small portion of all the extraceliular :'}D|',.'SE"CC"‘"'“GE'5 roduced
gal cells. Most of the polysacchanda is attached to the cells Il d '
w if the "a-“mal composition of the attached fraction is similar to that o
dissolvad -Wr*e It so0, whole algal cells could serve as heavy melals

scavangers®. Thus, cultivation of algaa in water bodies contaminated ':-'-,. heavy
T'-a.fEIS- could ba used as a technique far ameliorating metal 1oxic ol
walars.

We
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