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Heavy metals; they are metals with a density higher than 5 g/
cm3. Heavy metals, which are the most polluting as terrestrial and
aquatic; it can be given as Cu+2, Cr+2, Hg+2, Cd+2, Zn+2, Co+2. Metals
play a complementary role in living organisms. Some metals (e.g.
Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni and Zn) are essential and are
used in redox processes. They provide molecular balance through
electrostatic interactions, act as structural components of various
enzymes and take part in balancing osmotic pressure. Some metals,
such as Mn+2, Cu+2, Zn+2, Mo+2 and Ni+2, they are essential elements
for living organisms. All metals at high concentrations show toxic
properties for microorganisms because they damage nucleic acids,
disrupt cell membrane functions and suppress enzymatic activities.
Toxicity of non-essential metals; It occurs by displacement with
essential metals or through ligand interactions. As a result, they can
disrupt cell functions and damage the structure of DNA. However,
Cu+2 and Ag+2; studies have shown that it blocks many enzyme
systems, including respiration [1].

The effect of heavy metals on living things at the community
level; overall metabolic activity changes are in the form of diversity
and total cell count reduction. Water-soluble free metal ions
can penetrate the cell membranes more easily. Microbial metal
resistance mechanisms;
a) Precipitation of metals such as phosphates, carbonates
and sulfates,
b)

Evaporation of metals by adding methyl or ethyl groups,

c)
Physical abstinence through exopolymer and membranes
through electronegativecompounds,

d) Subjected to intracellular separation with energy
dependent metal pulse systems and low molecular weight
cysteine rich proteins,

e) Membrane can be expressed by causing blockages at the
transport system and at the level (level) of the cell wall [2-4].

According to the toxicity studies, in heavy metals; there is a
ranking like Hg+2> Co+2> Cd+2> Cu+2> Cr+2> Zn+2. This study is accepted
by many researchers. Tests carried out in liquid environments are
carried out in concentrations of 10-1000 times less than tests
carried out in solid environments. The main reason for this is the
increased contact surface in the liquid medium [2,4]. Cell surfaces
of all microorganisms; it is negatively charged due to the presence
of various anionic structures. This feature gives bacteria the ability
to bind metallic cations [5]. However, some metal ions at relatively
low densities (e.g. Co+2, Cu+2, Zn+2, Ni+2); since they are a vital cofactor for metallo-proteins and enzymes, they are also essential for
microorganisms [2,4].

Cell wall; it consists of various polysaccharides and proteins. It
therefore acts as active sites for their ability to bind metal ions. The
oxygen and nitrogen of the amino groups and carboxyl groups of
the peptide bonds have coordination bonds with metal ions such
as Pb+2, Cu+2 and Cr+4 [6]. The most important structural region that
captures metals in both living and dead cells is polysaccharides.
Since intracellular and extracellular accumulations are energyrequiring processes, metal uptake is easier with live cells [7]. Three
groups of heavy metals are dealt with; these are toxic metals (such
as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co and Sn), dispersing metals (such
as Pd, Pt, Ag, Au and Ru) and radioactive core metals (U, Th, Ra and
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Am) [8]. Metal absorption by microorganisms; binding, chelation,
ion exchange, inorganic precipitation and/or their combination are
the most dominant mechanisms. In addition, in the occurrence of
all these events; pH of the solution, heat, interaction with other ions
plays an important role [9].

The uptake or absorption of heavy metals by microorganisms is
generally classified into three categories;
a)

b)
c)

Attachment to the cell surface,
Accumulation inside the cell,

Accumulation outside the cell.

Since intracellular and extracellular accumulations are
energy-requiring processes, metal uptake is easier with live cells
[7]. Many studies conducted; has shown that heavy metals can
be particularly absorbed on the cell surface, cell walls or by cell
envelopes. The outer membrane, together with the peptidoglycan
layer of Gram (-) bacteria, forms the cell envelopes of these bacteria
and plays an important role in the binding of heavy metals. The
most important part of the outer membrane of Gram (-) bacteria
is the lipopolysaccharide layer, which provides the formation of
chelates with metal ions. The increase in the outer membrane parts,
especially the increase of polysaccharides, leads to an increase in
heavy metal binding [10]. Generally, all cell surfaces are anionic.
However, these surfaces can interact with cationic ions such as
metals, and soluble metal ions can be arrested by the cell wall due to
attack by negative groups. Peptidoglycan, teicoic acid and teicuronic
acid; It contains a large number of electronegative groups such as
carboxyl and phosphodiester. For this reason, Gram (+) bacteria
generally has a strong interaction feature with cationic metal ions.
In contrast, Gram (-) bacteria have a weaker metal binding capacity.
This is because they have a thinner peptidoglycan layer and
teicoic acid and teicuronic acid deficiency in the cell wall. However,
some studies say the opposite of this [9,11-12]. Mercury-binding
(collecting) proteins with sulfhydryl groups containing cysteines
have high affinity for metal ions and this is the potential to be used
as biosorbents for heavy metals [13]. According to recent studies,
bacteria types generally resistant to metal ions belong largely to
the Pseudomonas and Proteus genus. The best known among them
are; Pseudomonas aeruginosa and Pseudomonas paucimobilis [4].
In addition to heavy metals, Gram (-) bacteria such as Ralstonia
metallidurans, Enterobacter cloacae, Thiabacillus ferooxidans and
mucilage producing Cyanobacter are also seen [14]. Heavy metal
accumulation is significantly influenced by the presence of other
metal ions. Cations such as Mg+2 and Ca+2; can often reduce heavy
metal inhibition. Ca+2, Cd+2 and Zn+2 are a strong opponent for
attachment. In addition, selective permeability and ion uptake from
membranes are regulated by Ca+2. The added Ca+2; functions as a
membrane regulator [15].
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Gram (-) bacteria, including P. aeruginosa, can be effectively
protected against many harmful compounds in the environment
due to the presence of a second membrane. The outer membrane
has a function like molecular sieve. Among gram (-) bacteria,
P. aeruginosa is one of the most active secretion species. It has a
genome larger than the genome of other Gram (-) bacteria, with
approximately 6.3 million base farm size [16]. However, there is
a more common resistance mechanism to deal with heavy metal
toxicity, such as flow systems. Similar systems are also found in P.
syringae, E. coli and Staphylococcus aureus. P. aeruginosa; they can
produce large amounts of biofilms with exopolysaccharides due to
their aerobics, motility, Gram (-) and heteretrof. This polyanionic
matrix allows bacteria to adhere to the surface of solids. In
the presence of Fe, it causes a strong increase in the bacterial
population. This phenomenon may be related to the production
of pyoverdin. This molecule increases the dissolution level of iron
with its chelation capacities. They have a strong tendency towards
heavy metals due to their biofilm formation in general [14].

Biofilm is an extracellular polymeric matrix (EPS), usually
consisting of polysaccharides, proteins and nucleic acid. Biofilm
contributes to the formation of resistance against antimicrobial
agents and heavy metals. EPS contained in a biofilm binds especially
polysaccharide components, heavy metals. Logarithmically
growing P. aeruginosa is more resistant than stationary phase cells.
Biofilm protects bacteria by absorbing heavy metals into EPS [4].
According to studies, P. putida has high Cu+2 binding capacity [11]. P.
aeruginosa shows a longer lag phase in the presence of metal ions
compared to its absence (mean 6-8 hours). While P. aeruginosa
absorbs the highest percentage of Hg+2 in percent, it absorbs at least
Cr+2. Absorption percentages of Cd+2 and Cu+2 are almost equal. In
the presence of Cd+2, pyocyanine is formed in cultures immediately.
Cu+2 and Cr+2 do not have a significant impact on pyocyanin
production. However, Hg+2 and Co+2 completely prevent pyocyanin
biosynthesis [17]. Zn+2 and Pb+2 ions cause a significant decrease
in the bacterial cell density of Pseudomonas sp [18]. P. aeruginosa
shows very high resistance especially against Zn+2 and Cd+2. It is also
known that the resistance in P. aeruginosa is with an active disposal
system (eflux system) against these metals [19].
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