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Microorganisms require certain heavy metals for
their living by serving as cofactor and incorporating into
structural components. Nickel depletion 1in Anabaena

cylindrica cultivation results in a diversion of ammonia




from protein synthesis into cyanophycin, thereby delaying
the de novo synthesis of proteins and enzymes required for
the synthesis of active nitrogenase (Daday, Mackerras, and
Smith, 1988). However, high concentration of some heavy
metals is toxic in living cells. Photosynthetic
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Verma, and Singh, 1987).

The resistance of heavy metal by microorganisms
such as yeast, fungi, algae and bacteria including blue
green algae has been studied. The resistance depended on

organisms {(Malanchuk and Gruendling, 1973), environments



(Trevors, Stratton, and Gadd, 1986) and metal species
(Laube, McKenzie, and Kushner, 1980). Many of these
resistance mechanisms are encoded on plasmid or transposons
(Silver and Misra, 1988). Microorganisms have different
detoxification mechanisms. Some bacteria detoxify by
oxidation process. For eiabg}e, arsenicals as in the case
of arsenite are oxidized tonérgénate which is less toxic.
Methylation of' trimetﬁi] 1eadsz to the more volatile
tetramethyl form. e111v?au, Starodub, Cotter and Trevors,
7,

1987). Some green algae such as Anabaena cylindrica,

Anacystis Microcystis aeruginosa,

Nostoc ‘and.f idi foveolarum excreted
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extracellular &h éfé} (E?nge, 1974). The chelators of
/;

Chlorella stimaﬂégbgra are.: quysacchar1des containing high

contents of freeﬂ,éérboijﬁr and uronic acid (Kaplan,
Christian, »a_"{ld_Am_Ls_&]_)_L_Dugan_i_t 8)7) concluded that the
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chemical compos1t1on of extracellutar polymer varies with
bacterium spéc1es. A1l of po]ymé;s from Gram-negative
bacteria isolated are polysaccharides but the polymer from
the only"floc-forming Gram-positive bacterium studied is a
comp 1eX polypeptide. | Uptake ' |aof~ heavy metals by
extracellular polysaccharide and cells of Zoogloea ramigera
are rapid, the processes are completed within 15 min or
less. The metals were released from the biomass by
hydrochloric acid (Norberg and Persson, 1984).

Some microorganisms are able to accumulate

heavy metals by rapid adsorption on cell surfaces and



transportation into the cells. Zn?' uptake by fungi ]

Neocosmospora vasinfecta (Paton and Budd, 1972), yeast
Candida utilis (Failla, Benedict, and Weinberg, 1976) and
Saccharomyces cerevisiae (White and Gadd, 1987) were
biphasic. The first phase was independent of metabolic
energy, consisting of adsor’e,uon to the cells surfaces. The
second phase was dependent on metabolic energy and
consisted of ‘ uptake Jmto the. cells. Neocosmospora
vasinfecta agel atedlan+ afMsgkhe form 2Zn (PO ,),.
Citrobacter 5/:;)(11’1e1d Cdz* by ferming insoluble cadmium
phosphate (M;/ee and D.ean, 1984, 1985b). The mechanism
of Cd2+ uptake is d;penden§: 'csn the activity of a cell bound
phosphatase whi hfre'lé;ases 1norgan1c phosphate from organic
phosphate to pree."lmt;te Cd":f"?g's cell-bound metal phosphate.
The heavy metals Jare adsorvb.ad by algae cell walls, form

i

coord1nat1qn,. bond with amino and écarboxy] groups, and

-

imidazole of  histidine or e1ee§Erostatic bond with
unprotonated__::arboxﬂ oxygen and suﬁ‘ate in the cell walls.
Ion exchange''studies in‘Mducheria ‘sp. showed a strength of
adsorption in the following order cu?* > sr?* > zn?' > Mg?* >
Na2h. 90 (aret] T Oberhotser, “ shank| ¢ and ~INguyen, 1981).
Chlorella vulgaris (Khummongkol, Canterford, and Fryer,
1982) and Chlorella regularis (Sakaguchi, Tsuji, Nakajima,
and Horikoshi, 1979) have rapid cadmium adsorption and
approached equilibrium within 10 minutes and 30 minutes
respectively . Copper, zinc and cadmium were bound rapidly

by Chroococcus paris (Les and Walker, 1984). Approximately



90% of the total amount of the added metal was bound within
1 minute. Metal binding increased significantly when pH was
increased from 4 to 7. Nearly all of the metal was found to
be rapidly EDTA extractable. Zinc accumulation by Chlorella
sb., had an adsorption constant 0.4 mg/ml (ratio of zinc
concentration in so1utioé{g§ﬂ zinc accumulation by cells)
(Suthep Mongkollertiop, Zf;;;i. Cyanidium caldarium
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metals trahsﬁprtation depends on the membrane potential of
the cells (ﬁ%ummongko] et _al., 1952; Campbell and Smith,
1986). [fLead~ uptake oaf| Anabaena [sb.| occurred during
stationary phase and the level}of uptake increased when the
medi um wa§ s0pp1ementéé wﬁiﬁ ;éfﬁoﬁ;diOXide (Bender and
Ibeénusi, 1987). The energy dependent efflux of Cd?' was
encoded by a plasmid in Staphylococcus aureus 17810R
(Trevors et al., 1986). The complete efflux of Cd?* was
observed when cells preloaded with Cd?" were transferred to

Cd*'-free medium. The Cd** efflux was blocked by 2,4 -

dinitrophenol, N,N,- dicyclohexylcarbodiimide, and



incubation at 4°C. In this particular strain, the plasmid
controls the reduced uptake of Cd?®' by means of the Mn?!
transport system. It is 1likely that an energy-dependent
efflux system prevents the internal loading of cells with
Cd®*. Efflux of Cd** in 17810R may be an antiporter that
effluxes Cd®** in extﬁéﬁif‘ r protons (f1gure 1). This

suggestion is baé!nLgh 1nd gxper1menta1 evidence using
"

1nh1b1tors,Q;::;::ggb1e 2 .:“and‘__ ionophores. Another
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cya ophycin granules seem, therefore, able to remove

transition metal ions, lowering their intracellular
concentration below toxic levels, and so the synthesis of
these granules may be regarded as a detoxification step
(Piccinni, Coppellotti, and Guidolin, 1985). Copper

chelating compounds from Euglena gracilis have two main



binding molecules which are present in the soluble pbase of
the cytoplasm, and that contribute to the detoxification
and regulation of metal content. The two peptides from

Euglena gracilis have a different molecular weight and a
very dissimilar amino acid.composition. Peptide Né. 1 has

a peculiar compos1t1 \U} E'lgh content of aspartic acid

and arginine. a lower molecular weight
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Staphyldgoccus gurgus 17810R. The Catr res1stance plasmid
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(Tr8vors et al., 1986).

and similar to only compound isolated from Ochromonas, 1in
molecular weight and amino acid composition (Piccinni et
al., 1985). Olafson (1986) reported that cadmium and zinc

induce Synechococcus sp. to synthesize metallothioneins



whose regulation is at the level of transcription. These

proteins have many aromatic and aliphatic residues and no
apparent association of hydroxylated or basic amino acids
with cysteines. Although the characteristic Cys-x-Cys
sequences were present, an apparent ami’no acid sequence
homology with the euk@\*k"/ tallothioneins was found in
the first 42 res&‘é&ﬁ?&&istance of metal mechanism
of Pseudomonas | in o],m olyphosphate and three Tow
molecular weﬁ .,I:GSOt‘)E,\f\%ﬁ_QO) cysteine-rich Cd-

binding proteg

1) dj"_B.;{f"27 CdBP, respectively) (Trevors
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Uin this stud? blue green algae were selected for
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a’lgae (cyanobacteria) belong to the great subclass of gram-
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negative prokaryotes. They are defined by the special
structure and chemical composition of the cell wall
(Stanier and Cohen-Bazire, 1977). Cell walls of
cyanobacteria are composed of a peptidoglycan layer and an

outer membrane. The peptidoglycan layer is considerably



thicker in many of these organisms than in other gram-
negative bacteria. The outer membrane layer contains both
proteins and lipopolysaccharides. The 1lipopolysaccharide
components of the outer layer have been isolated from a
considerable number of cyanobacteria and show a general

chemical resemb]anca\‘U/ ilaﬂse of other gram-negative

bacteria; they con;&jh av of sugars and amide-1inked
P —hydroxy- fatt S “ Sth Cohen-Bazire, 1977).
The blue gr ae/, ay1ngkt?*cgmp1ete photosynthesis

system, can 1y m%'nta1ned‘_ They have a strong

potential fory - dmmobili at1leprocess.

The in this study are

Aphanothece Spirulina platensis.
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order, ch 'l‘ coccacean cyanobac jsubgroup. It 9s a

unicellular ifocci e?j by binary fission.

Spirulina g1a}§n§1s was class1f1ed into oscillatorian

cyanobaﬁéuﬂ '}%ﬁ ‘*V}fj Wr&}r’}ﬁ ‘g'stm is a helical
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Q] ctives
1. To study properties of and factors affecting
heavy metal accumulation by blue green algae.
2. To study the potential of blue green algae to
remove scome heavy metals (zinc and Jlead) from waste water

in an appropriate condition.



	Chapter I Introduction

