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Abstract

In this review article, an attempt has been made for the study of copper, an
essential Redox-Active transition metal in living systems. Very least amount
of Copper is recognized as a constituent of living system. Detection and esti-
mation of Copper in various living systems have been done and reported by
various workers time to time. The presence of Copper is reported more or less
in all forms of life. The reported data of work done so far details are available
everywhere. This review work is concentrated on its significance of the pres-
ence of optimum amount of Copper in living systems. The required particular
amount of copper in physiological cycle results thriving, whereas the deviated
amount of copper leads to menace in living system, this deviation from the
optimum amount makes unhealthy and creates an abnormal condition of
metabolic activities in the living systems. This work is totally based on the re-
ports examined the effect of Copper on cellular cycle till today.
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1. Introduction

Copper is a transition metal or a d-block element. It is a member of Group-1B in
periodic table with Silver (Ag) and Gold (Au). Its electronic configuration is
3d'°4s'. Mainly it is found in America at Superior, Ural Mountain in Siberia, As-
sam and (Singhbhum), Jharkhand State of India. There are three important oxi-
dation states of copper (Cu) that are zero (0) (pure Metal), +1 ous-suffix added
compounds, +2 ic-suffix added compounds. Its important ores are Malachite
{CuCO,-Cu(OH),}, Azurite 2{CuCO,;-Cu(OH),}, Chalcocite or Copper glance
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(Cu,S), Copper Pyrites (Cu FeS,) (Cu,S-Fe,S,). Copper (Cu) may be Cu'* or Cu**
in ionic state and known as -ous and -ic suffix, forms Complexes with suitable
ions and radicals. Copper (Cu) occupies d’-state in various complexes. Moist air
affects Copper (Cu) and makes green coating of CuSO,-3Cu (OH),, it is a basic
sulphate, which is dissolved in concentrated acids. The Copper (Cu) is essential
to life, it is the third most abundant trace element in the body after zinc and
iron, but whenever the amount 80,000 pg to 100,000 pg of copper intakes by an
adult human body from the outsource, becomes toxic. Excess of copper leads to
damage the antioxidant enzyme function, oxidative modification of DNA and
proteins, lipid oxidation, activate the redox-sensitive genes, suppress the Zinc
consumption in the body and also makes anemic by interfering with iron trans-
port. Only 4000 - 5000 pg of Copper (Cu) is required daily in normal diet for an
adult [1] [2] [3] [4] [5]. One can see the lower and higher intake level for Copper
(ug/day) in male and female for various age groups in Table 1, as per regulation
of Food and Nutrition Board, Institute of Medicine, D.C. Washington, National
Academy Press [2].

Copper’s deficiency results in the incapability to use Iron (Fe) which is stored
in the Liver and makes anaemic. Pure iron (Fe) does not be effective in glucose
utilization. Copper (Cu) helps in conversion of dietary Fe (iron) into Hemoglo-
bin. Copper deficiency causes oxidative stress which is a disturbance in the bal-
ance between the oxidant and antioxidant defenses. This imbalances are created
either by the excess formation of oxidant or free radicals or by the deficiency in
the antioxidant defenses, this leads to inactivation of NO, oxidative modification
of DNA and proteins, lipid oxidation and activation of redox-sensitive genes.
Physiology and metabolism of Copper (Cu) are associated with metalloprotei-
nase, Vitamin-C and various oxidases like amino oxidase, ascorbate oxidase, cy-
tochrome oxidase, Galactose oxidase, Lysine oxidase, Dopamine Hydroxylase, Tyro-

sinase. It plays vital role with antioxidant, enzyme, super oxidase and dismutase.

Table 1. Recommended Dietary Allowance (RDA) for Copper for various age groups in
male and female.

Age Group Males/Females-Lower Intake Males/Females-Upper Intake
Level for Copper (pg/day) Level for Copper (ug/day)
0 - 6 months 200 (AI) Not possible to establish*
7 - 12 months 220 (AI) Not possible to establish*
1- 3 years 340 1000
4 - 8 years 440 3000
9 - 13 years 700 5000
14 - 18 years 890 8000
19 years and older 900 10,000
All ages - -
All ages - -

*Source of intake should be from food and formula only.
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The Copper (Cu) is present in every tissue of the body, but is stored basically in
the liver but in smaller amounts found in the brain, heart, kidney, and muscles.

Copper can act as both an anti-oxidant and a pro-oxidant. Copper plays an
important role in human metabolism, largely because it allows many fundamen-
tal and essential enzymes to function properly and also plays a role in the pro-
duction of hemoglobin, myelin, and melanin. Not only it’s essential roles as
structural and metabolic cofactors for bio molecules. Copper is playing an im-
portant role as transition metal signaling, transferring information in and
beyond the brain, between and within the living cells. Some significant evidences
were found that a physiological imbalance of the redox-active bio metals, Cu and
Fe, and oxidative stress lead to the neuropathology of Alzheimer’s disease. The
Menkes syndrome and Wilson disease are also due to the severe copper defi-
ciency and severe copper toxicity, respectively [1] [5]-[18].

The total amount of Copper (Cu) present in the whole plant is 2.75 ppm. It is
a toxic metal in larger amount. Its deficiency causes deformation and Chlorosis
in leaves followed by narcosis of the tips of young leaves and affects the repro-
ductive organs of plants also. Copper involved in many physiological processes
in plants. Because it is a redox-active transition metal exist in different oxida-
tion-state from 0 to +2 acts as a basic element to takes-part in photosynthesis,
electron transport, mitochondrial respiration and regulatory proteins. High
concentration of copper is highly toxic, because of the redox property of copper
catalyze the production of toxic hydroxyl group ("TOH) which damage the lipids,
proteins and other bio molecules. So the concentration of copper should be
maintained at low level. Therefore the copper acts as basic essential micronu-
trients for the proper growth and development of plants. Copper (Cu) contain-
ing compounds are associated with chloroplasts of green plants which act as an
electron carrier in photosynthesis. Plastocyanin and Azurin are found in chlo-
roplasts of green plants which act as an electoral carrier in photosynthesis. Azu-
rin is found in bacteria and structurally similar Plastocyanin. Molluscs and shell-
fish are rich source of Copper. Betel leaves, areca nut, some other nuts, walnut,
cashew nut, coconut almond ground nut, oranges, green grapes, papaya are the
sources of Copper (Cu) in Plant groups, which are used for good health
[19]-[25].

According to the various observations and statements under discussion were
published on single-species that show their inability to test for the effects of
Copper (Cu) with different concentrations on interacting species in the different
field conditions. This may have indirect effects on organisms due to changes in
the affluence of individual species that act as cohabitate. In vast ocean where
copper causes certain changes in the composition of different organisms in the
different field conditions, the effects on mobile invertebrates associated with
these habitats, however, are still unknown. It was tested the effects of copper on
the association of different invertebrates that colonized infield conditions, and

demonstrated strong changes in the composition of interacting mobile taxa. Due
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to the presence of copper it can be estimated. Manipulative field experiments
partitioned the direct effects of copper from possible indirect effects mediated
through changes to their marine habitat. Some other organisms were selectively
gardened in the absence of copper for normal estimation and again it exposed by
different concentrations of copper. The assemblages of mobile invertebrates va-
ried between manipulated habitats, indicating that copper can indirectly affect
mobile fauna via habitat change. The mechanisms of these effects were then
examined with artificial habitats that resemble the physical structure of polluted
and unpolluted by different Copper (Cu) concentrations. The compositions of
the mobile fauna were again dependent on the particular habitat. In both expe-
riments, there were interactions between the effect of habitat and the presence of
copper, demonstrating the need for multi-species, field experiments to totally
identify the effects of copper in natural conditions and manipulative field condi-
tions as well [21] [24]-[29].

Similarly another thought on analyzing complex cellular processes requires
the ability to track bio molecules as they function within their native habitat.
Although genetically encoded characters with discrete proteins, they can cause
significant for a particular protein’s structure and have no direct extension to
other classes of bio molecules such as glycan lipids, nucleic acids and secondary
metabolites. In recent years, an alternative and more effective tool for interacting
bio molecules has emerged from the chemical biology community of the bio-
chemical reporter. In a prototypical experiment, a unique chemical group ap-
peared, often as small as a single functional group, is incorporated into the target
bio molecule using the cell’s own biosynthetic machinery. The chemical reporter
modified in a highly selective fashion with an extrinsic delivered functional
group associated with copper. This review highlights the development of bio
chemical reporters, reactions and their applications in living systems [21] [30]-
[34].

2. Observations

On the basis of visual observation of various laboratories reports published time
to time. The comparative studies were done frequently and the results were rec-
orded. Although the experiments were performed completely different ways but
results were found almost more or less similar, which shows that the optimum
availability of the presence of copper in living system. Recent studies with mole-
cular insulin-mimetic copper action have confirmed that copper ions strongly
activate phosphoinositide-3-kinase, which accelerate the metabolic processes in
the cell. Copper is known to stimulate the glycine synthesis, so its deficiency
brings effect glycine synthesis. Like insulin-copper effects on carbohydrate me-
tabolism have been noted in rats fed allow-copper diet which reduce body
weight due to less carbohydrate utilization as energy source under resting condi-
tions. Positive and significant correlation has been noted between plasma and

copper levels. Despite that until now copper supplements are not recommended
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due to the lack of reliable indices of marginal copper deficiency. Copper defi-
ciency cause many diseases arterial hypertension, hypercholesterolemia, di-
abetes, Alzheimer. On the other hand, excess of copper is extremely harmful,
adversely affecting iron level, lipoprotein metabolism and antioxidant protection
(4] [6] [10] [35]-[41].

In another situation all heavy metals, including those that are essential mi-
cronutrients are copper, zinc, Iron etc. are toxic to algae at high concentrations.
One characteristic feature of heavy-metal toxicity is the poisoning and inactiva-
tion of enzyme systems metabolic activities of many of the physiological phe-
nomenon as well as biochemical processes like photosynthesis, respiration, pro-
tein synthesis and chlorophyll synthesis etc. are severely affected at high metal
concentrations, in on with living systems [21] [24] [25]. Some algae inhabit wa-
ters extremely polluted with heavy-metal-laden wastes from mining and smelt-
ing operations; nodularia sp. oscillatoria sp. cladophora sp. Hydrodictyon sp.
etc. occur in metal-rich waters. These algal forms are probably more capable of
counter the toxic levels of heavy metals and this feature is a result of physiologi-
cal and genetic adaptations. The sensitivity or tolerance to heavy metals varies
amongst different algae. The phenomena of multiple tolerance and co-tolerance
may be exhibited by some algae. Heavy-metal pollution causes reduction in spe-
cies diversity leading to the dominance of a few tolerant algal forms. The prima-
ry productivity also decreases after metal supplementation. The uptake and ac-
cumulation of heavy metals can be active (energy-dependent), passive (energy-
independent), or both. Heavy metals can be safely stored as intra nuclear com-
plexes by some algae. Notwithstanding this, some changes in the cell wall can
enable the algae to tolerate heavy metals by checking the entry of the metals. The
metal content of algae growing in a water body may yield valuable information
for simulating heavy metal pollution: several species of members of Chlorophy-
ceae have been extensively used for these types of observations. Several factors
affect and determine toxicity of heavy metals to the algal flora. At low pH, the
availability of heavy metals to algae is greatly increased, as a consequence of
which pronounced toxicity is evident. Hard waters decrease metal toxicity. Some
ions, of heavy metals can alleviate toxicity of metals in the living systems. The
presence of other metals can influence toxicity of a heavy metal through simple
additive effect or by synergistic and antagonistic interactions. Similarly, other
pollutants can influence heavy-metal toxicity. The toxicity of heavy metals de-
pends upon the natural condition because of their various ionic forms of a metal
characterized by different valence states may be differentially toxic to a particu-
lar alga. Amino acids and other organic matters can create complex with heavy
metals and make them unreachable. This may eventually lead to less toxicity.
Heavy-metal toxicity largely depends upon algal population density. The denser
populations of more numerous cellular available sites are leading to decreased
toxicity. The tolerance to copper ions on Skeletonemacostatum (Grev.), Thalas-

siosira Pseudonana (Hust.) and Phaeodactylumtricornutum (Bohlin) grown in

DOI: 10.4236/ajac.2018.91002

19 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2018.91002

S. K. Mustafa, M. A. AlSharif

dialysis and batch cultures in the total water has been established. Reduction of
growth rates were observed by the addition of different amount of copper ions
respectively for different species. At the higher levels of copper addition (400
and 700 pg/L) to the cells of ppm. tricornutum in dialysis culture increased their
copper content to more than 200 times over those of the controls, the ratio of
copper to chlorophyll in the cells increasing 150 times.

Many of the scientist of this fields selected algae for their experimental work
due to its easy availability and the low expenditure. The 8th international confe-
rence on algal biomass, bio fuels and bio products provides an exciting venue to
learn about the latest research and technologies in all area of algal research and
to interact with the scholars of this field. Emphasis will be placed on the latest
unpublished technical and scientific results, along with discussions and direct or
indirect interactions with the international community.

Algal harvesting and extraction systems show metallic activity in algal breeds
and propagation. New conversion technologies for Algal bio fuels, including cat-
alytic, thermal, and enzymatic systems are utilized for micro-analysis of metallic
particles. A bio product from algal material including high-value products and
co-products supports the observation of presence of copper. Life cycle of algal
flora is almost dependent upon metal ions. New technologies in support of algal
researches in the areas of separation, refining, detection, characterization and
analysis also favor the heavy metal activities. Various results shows marked in-
crease in copper content when a copper salt was added to batch cultures to the
algal material. Skeletonemacostatum found nearly identical sensitivity to copper
ions, but they differed markedly in their zinc tolerance as well as the compara-
tive study of copper, iron and zinc, presented their bio chemical reporters indif-
ferent living organisms observed and reported by various workers [42]-[60].
Where, one of the most impressive applications of protein fusions has been re-
markable imaging of protein expression and localization in living organisms.
Chemical reporters might provide similar opportunities for other classes of bio
molecules. Already, both proteins and glycan are also influenced by metallic
ions. The demands on bio reactions in this context are far more exacting than
those for cellular systems. Apart from having extraordinary chemical selectivity,
the reagents must not be liable to rapid metabolic breakdown or excretion, and
they must not accumulate in cells or organs non-specifically on the timescale of
the reaction. The chemical reactions that do not interfere with cellular processes
are important in the investigation of biological functions. The complex forma-
tion between copper ions and bio molecules are not biocompatible because cop-
pers used as catalyst are toxic. Recently a new nontoxic catalyst makes this reac-
tion biocompatible. This new developed catalyst, having nano-particles of cop-
per bound into a polymer resin. The copper-catalyzed azide-alkyne cycloaddi-
tion (CuAAC) reaction have wide applications in the study of biological func-
tions as well as limiting the toxicity of copper ions [61]-[71]. Now living organ-

ism needs a little more attention of heavy metals chemistry.
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3. Discussions and Remarks

Turnlund J.R. et al. [4] [5] worked on Long-term high copper intake: effects on
indexes of copper status, antioxidant status, and immune function in young men
in the year (2004) and also they continue studied some effects on copper absorp-
tion, retention, and homeostasis in living systems (2005). Various workers
[6]-[40] find out many noticeable and remarkable results for different transition
metals, on human living systems, plants, vegetables, crops and marine. By taking
account of the above mentioned literature [3] [4] [5] [10]-[25], we have studied
the importance of Copper (Cu) metal on the living system and our findings with
review were found in good agreement with other workers [1]-[10] [30]-[71].

The basic challenge is to know:

1) How copper affect the physiological process of the living system.

2) How to ensure the adequate supply to avoid deficiency.

3) How to prevent the accumulation to toxic levels.

On the other hand, a simple and convenient approach of the bio chemical re-
porter to study and visualize different classes of bio molecules in living systems.
The substrates complexed with chemical reporters can be metabolized by cells
and integrated with proteins, glycan, lipids and other cellular species. After de-
tection and identification of these bio molecules make sure it’s presence in living
cells and, in some cases, in the living organisms. By using this methodology bio
molecules and biopolymers can be tracked in their native habitats. Apart from
this scientist facing many challenges in biological system, one is due to metabolic
labeling and second due to chemical tagging in biological system. Addition of a
chemical reporter to a bio molecule in living organism affects the biological ac-
tivity and stability of the proteins, lipids, glycan and other cellular species.
Second thing rapid reactions are essential for the observation of biological events
that should occur on a very short time scale or with the bio molecules of low
amount. The slow rates of reaction cripple the use of bio reactions for bio mole-
cules tagging.

This problem might be solved by understanding the interaction of heavy tran-
sition metals such as copper, iron and zinc with the biomolecules as well as, re-
versible association with adjoining components. It is clear that chemical report-
ers and bio reactions have a rich prospect in the field of bio chemistry and syn-
thetic chemistry, including the controlled metabolic labeling with the reporter
and biotransformation in the living organisms, especially after the development
of the new techniques and methodology for the tracking of bio molecules and

biopolymers.

4. Conclusion

The copper, an essential Redox-Active transition metal acts as basic and essential
micronutrients for the growth and development of the living system. The excess
amount of Copper found hazardous whereas the lesser amount caused deficien-

cy. Therefore, the optimum limit of Copper for a particular species of living sys-
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tem was found effectual. In the case of human being, the proper dose of Copper
should be provided and must be supplemented for the betterment and the future
of betterment of human society. The mineral nutrition of plants world is of fun-
damental importance to agriculture and human health needs to ensure an effec-
tive and proper supply of copper to counter it’s deficiency for the healthy growth
and development. Comparison of various heavy metals in their natural concen-
trations in seawater implies that cadmium is not only an important ecological
factor in unpolluted waters, but natural copper concentrations inhibit the re-
production of some phytoplankton species and particularly cyanobacteria, in
seawater. Copper also influences the seasonal succession of various species.
Afore mentioned species have shown marked increased in copper content when
a copper salt was added to bio-tech cultures of the algae, it showed sensitivity to
copper ions but they differed markedly in their zinc and other transition metals

tolerance.
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