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Abstract:

In recent years, heavy metal pollution has become an increasingly serious global
problem. As such, considerable research has been devoted to finding effective ways
to remove these potentially toxic substances from contaminated soils and water
sources. Bioremediation is one of the most promising methods of achieving this, as
living organisms are often capable of substantial pollutant removal. Fungal
endophytes, which are microorganisms living within the tissues of plants without
causing any detectable pathology, have been identified as an especially promising
component of bioremediation processes. This review focuses on the current
understanding of endophytic fungi, with an emphasis on the potential for their use in
heavy metal bioremediation, the review then explores the bioremediation potential of
endophytic fungi, including their ability to reduce the toxicity of heavy metals such as
cadmium, lead, zinc, and chromium. Overall, this review suggests that endophytes
hold considerable potential for heavy metals bioremediation. In particular, more
research is needed into the mechanisms of heavy metal uptake and detoxification by
endophytic fungi. Moreover, the effect of environmental conditions on the efficacy of
such processes needs to be studied further.
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1. Introduction

With industrial development, there has been a
significant rise in waste discharge from industries to the
environment, mainly water and soil, which resulted the
heavy metals accumulation (HMs), particularly in urban
regions. The depletion of HMs occurs slowly via erosion,
plant uptake, leaching and deflation. The undiscriminating
discharge of the HMs into the waters and soils is a main
health distress globally. Many HMs can cause harm even at
very low concentrations; arsenic (As), cadmium (Cd),
chromium (Cr), copper (Cu), lead (Pb), mercury (Hg), nickel
(Ni), selenium (Se), silver (Ag), zinc (Zn) etc. [1]. HMs are
metal and metalloid groups whose atomic density exceeds
4 g cm-3, or five times or more, greater than water [2].
Environmental pollution by HMs has become a serious
concern for ecosystem health and aquatic life [3].
Environmental pollution occurs when the natural
environment is not capable of destroying an element without
causing damage. The elements involved are not nature-
generated, and the destruction process can range from a
few days to thousands of years. Elemental pollutants have
been found to be emerging contaminants [4, 5]
Bioaccumulation and consequent biomagnification of HMs
and the high levels of toxicity they confer on biological
systems indicate an obligation to remove them from
contaminated soil and water [6].

Endophytes are microorganisms which colonize the
internal tissues of their host plants at a specified time in their
lives. Endophytes are one of the most assorted groups of

microbes with an estimate of 1 million species [3].
Endophytes are fungal or bacterial microbes that colonize
the tissues of healthy plants intracellular and/or intercellular
without producing any seeming symptoms of infection [7].
Microorganisms are universally found in nature and
play an important role in basic biotransformation. Metallic-
microbe connections can have advantageous or harmful
values. Apart from the nature of the microorganisms and the
chemistry of the metals concerned, transformation
processes are driven by additional environmental factors, for
example temperature, moisture, pH, other ions and living
organisms and their adversaries that play a critical role in
microbial colonisation and biofilm formation [8]. The
application of microorganisms to clean up contaminated
environments is a speedily moving and growing the field of
environmental biotechnology [9]. The chemical and physical
approaches for HM remediation are very costly, often
leading to the destructive effects to the local ecosystem. In
addition, it involves the handling of a great quantity of
harmful waste [10]. One emergent, inexpensive, and most
economical method is the use of microorganisms to
remediate HM. Microorganisms utilize their metabolic
potentialities to remediate HMs biochemically [11].

2. Sources of the Heavy metals

A metal or metalloid species can be considered
“contaminant” when undesirable, or in a concentration or a
form that causes harmful effects to the environmental or
human. Metals or metalloids include arsenic (As), cadmium
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(Cd), chromium (Cr), copper (Cu), lead (Pb), mercury (Hg),
nickel (Ni), selenium (Se), silver (Ag), and zinc (Zn). Other
metallic pollutants that are less common include aluminium
(Al), cobalt (Co), cesium (Cs), molybdenum (Mo),
manganese (Mn) and strontium (Sr) [12, 13].

Metals and metalloid are categorized into three
classes. The first class consists of metals which are toxic to
the lowest level including; cadmium, lead and mercury. The
second category is considered less dangerous, examples
include bismuth and arsenic. The third category consists of
critical metals that are involved in certain biochemical
processes in the biological system and are toxic when their
concentrations exceed a certain level, examples are cobalt,
copper, selenium [14, 15]. In an environment HM is naturally

Natural sources

v

- Weathering and abration of rocks
- Volcanic eruption

- Erosion
- Forest fire

derived  from  pedogenic  processes  involving
alteration/weathering of parent materials and from
anthropogenic sources as shown in Figure 1. Mineral
weathering, erosion and volcanic eruptions are the most
important naturally occurring sources of HMs whereas
anthropogenic sources are dependent on human actions
such as electroplating, mining, smelting, pesticide and
biosolid application (Examples; municipal sewage sludge
and livestock manure) [1]. Forest fires are also part natural
sources of HMs [16]. In addition, metal-based fertilizers
contribute also to the environment pollution with HMs [17].
Food safety threatens due to HM pollutants released in
agricultural soil, surface runoff to the surrounding rivers, and
groundwater leaching is a major concern [18].

Anthropogenic sources
- Smelting

- Electroplating

- Organic and inorganic fertilizer
- Pesticides

- Mining

Figure 1: Sources of the heavy metals

3. Effects of the heavy metals on plants
Consumption of HM beyond the permissible limits
exhibit toxic effects on both plants and humans [19]. Plants
grown in the soils polluted with HMs are able to absorb
substantial amounts of metal ions, which in turns affect the
human health if taken via the food chain [20]. In plant
nutrition, plants need some metals as an essential nutrient
for the proper development, on the other hand, others are
considered potentially toxic when taken by the plant
extremely, and which attribute to the change in different
physiological and biochemical activities [21]. In several plant
systems, symptoms of HM toxicity have been studied under
different conditions. Metal toxicity can be grouped into direct
targets or indirect impairments of physiological pathways,
direct targets involve attack of metals on metalloproteins
and metal binding molecules such as chlorophyll [22].
Elevated levels of HMs in soil and subsequent exposure to
plants adversely affect a number of biochemical and
physiological activities, thus leading to stunted growth and
small yield of plants [23]. Accumulation of HMs in the soil is
extremely worrisome in agricultural production in view of the
adverse effects on quality of food as well as crop growth
(course by phytotoxicity). The HMs are hazardous to health
either directly by inhaling dust or indirectly by consumption
of vegetables grown on polluted soils [24]. HMs may
interfere with cell elongation, photosynthesis, respiration

and several other physiological processes. The HMs toxicity
of heavy metals depends on their in their generation of
reactive oxidative species directly by oxidation and by
Fenton reaction or by hindering the vital functional groups of
biomolecules or by substitution of essential metallic ions by
other ones [25]. Lead (Pb) treatment was found to cause
uncertainty in ion uptake by plants even at low
concentration, which as a result course significant
metabolic changes in photosynthetic ability and eventually
inhibit plant growth strongly [26]. The HMs that led to harmful
effects to plants include; cadmium, chromium, copper, lead,
mercury and nickel. HMs inflict stress on plants, they
decrease profitability as well as damaging agro-biologic
systems. Plants are persistently exposed to negative
environmental conditions over their life cycle that adversely
affect their development, growth and productivity [20, 27].
The plant roots are the critical connection point for the HM
ions that are transported from the soil. They are responsible
for stabilizing and connecting the pollutants in the soil,
consequently  decreasing their bioavailability. The
mechanisms involved in of HMs transmission to plants
consist of phytoextraction (phytoremediation approach
through which plants remove harmful components from
polluted soil), phytostabilization (process of immobilizing
and reducing HM mobility in the ground), and rhizofiltration
(phytoremediation technique through which plant roots are
used to absorb toxic substances) [28, 29].
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4. Effects of the heavy metals on human

Pollution of dietary substances by HMs have a range
of well-known conflicting effects on human systems [30].
Intake of many HMs in the diet via the intake of plants has
lasting damaging effects on human health [31].
Consumption of vegetables having HMs is one of the key
ways through which these elements move in the human
body. Once pass on, HMs are dumped in fat and bone
tissues. When HMs are released into the body, they can
cause an assortment of diseases [32]. Once HMs are
consumed they are oxidized to several oxidation states that
can freely bind to biomolecules such as protein enzymes
and other forms of protein [33]. Generally, toxicity exhibited
by heavy metals in human system is as a result of chemical
reactions of ions with the cellular structural enzymes and
components of membrane [34]. The presence of essential
or non-essential metals in excess above the normal levels
can lead to physiological or morphological anomalies or
gene mutations, such as reducing or preventing growth or
the formation of mutations [35]. It has been reported that cell
organelles and constituents of the cell have been affected
by HMs, organelles affected include mitochondria, cell
membrane, lysosomes, nuclei and enzymes. It has occurred
that HM ions interact with deoxyribonucleic acid (DNA) and
nuclear proteins, in consequence causing damage to DNA
molecule, subsequently leading to cell cycle modulation and
carcinogenesis [21, 36].

4.1 Lead (Pb)
Pb is extremely harmful [37]. Acute contact toxicity of
Pb can cause fatigue, headache, sleeplessness, abdominal
pain, loss of appetite, hypertension, renal dysfunction,
arthritis and vertigo, whereas chronic contact/toxicity can
cause in allergies, muscular weakness, brain damage,
paralysis, birth defects, intellectual disability, weight loss,
kidney damage, hyperactivity, and even death [38, 39].

4.2 Cadmium

Cadmium toxicity has been proven in some organs, it
promotes tissue damage by generating oxidative stress [40].
Exposure to Cd upsets male reproductive organs/system in
human and weakens spermatogenesis, thereby affecting
the quality of sperm particularly motility of sperm and
hormonal production/release [41]. Cd has a capacity to
connect with aspartate, cysteine, histidine and glutamate
ligands and can course iron deficiency [26, 42].

4.3 Arsenic

Arsenic causes redox reactions in biological systems,
thereby causing cancer. The free radicals generated by this
type of reactions leading to oxidative destruction to DNA
and proteins [43]. Arsenic is not causing mutation or does
bind to DNA and form DNA adducts directly, but is capable
to bring genotoxicity interfering with DNA repair mechanism
and prompting chromosomal uncertainty in the cell.
Inhibiting the DNA repair by upsetting the expression of DNA
repair genes is significant mechanism involved for arsenic-
induced genotoxicity [44].

4.4 Chromium

Hexavalent form of chromium has a cancer-causing
ability with various complex mechanisms by which it induces
cancer development. The most important mechanism
through which Cr*6 result in cell damage include
chromosome breaks, elevated levels of oxidative stress and
the formation of DNA adduct [45]. Chronic contact and
bioaccumulation of Cr, as HM, can lead to toxicity and
several pathophysiological ~weaknesses, comprising
anemia, allergy reactions, burns and wounds specifically in
the small intestine and stomach, destruction of semen
alongside with the male reproductive system [46].

4.5 Nickel

It has been established that nickel was found to
harmfully affect the female reproductive system, and
leading to teratogenesis [47]. Severe skin allergy, kidney
problems, nasal cancer and cardiovascular diseases have
been diagnosed and reported amongst workers in the nickel
industry. Nephrotoxicity and hepatic toxicity have been
reported in numerous animal model studies. Besides, nickel
contact has also been described to yield haematological
imperfections in humans [48, 49].

5 Endophytic fungi

Fungi constituted an important constituent within each
ecosystem, very well associated with critical processes such
as transportation, recycling and decomposition nutrients in
diverse environments. There may be more than a million
different fungi species on Earth, according to reports, out of
which only a small portion, about 5% have been recognized
[50]. Endophytes refers to as microbes (bacteria and fungi)
which colonize living, inner tissues of healthy plants without
instigating any instant, harmful effects. The term endophyte
was first familiarized by De Bary in 1886 for microbes
including; bacteria, fungi and yeast capable of colonizing
internal tissues of plants [51, 52]. Endophytic fungi exist in
the tissues of healthy plant devoid of displaying any disease
symptoms, consequently supportive to the physiological as
well as ecological qualities of the host plant. [53]. Endophytic
fungi, therefore, has been drawing the interest of the
scientist due to their potential valuable impression on
vegetation, comprising bioremediation of HM contaminated
environments and facilitation of plant growth [54]. The
association of plants and endophytic fungi has been for over
four hundred million years. [55]. Roughly, all vascular plant
species well-known to harbor endophytic bacteria and/or
fungi [56]. It has been reported that approximately 300,000
different plant species exist on Earth, and each individual
plant can host one or several types of endophytes [52, 57-
59]. Endophytic fungi possess enormous varieties of
metabolic pathways that render them appreciated tools for
bioremediation processes.

5.1 Role of endophytic fungi

Endophytes control the morphologic and physiological
functions of the host plant, and advance its resistance to
HMs by providing diverse decontamination routes, like
binding the cell wall of the fungi, extracellular scavenging
and  precipitation, intracellular  scavenging  and
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complexation, compartmentalization and volatilization [60].
Knowing the effect of HMs on plant and animal health is of
paramount importance so as to find a solution for this issue
if great concern, In this regard, bioremediation with
endophyte fungi is becoming increasingly important day
after day [61].

Endophytic fungi joined with phytoremediation
strategy could improve plant’s adaptation to HM stress and
ecological refurbishment success [62]. Phytoremediation
(bioremediation using plants) is an encouraging cleanup tool
for soils contaminated HMs. Nevertheless, this method has
some shortcomings, like slow growth rate of HM-
accumulating plant species, short bioavailability of HMs and
lengthy period of remediation [63]. Table 1 indicates the
bioremediation processes using endophytic fungi from
different plants.

6 Conclusion

Involvement of fungal endophytes in remediation of
HMs has an important value to both plants and human
health. Hence, better knowledge of fungal activities and the
effects of the heavy metals to plants and human help to
articulate the effectual bioremediation approach. In this
review, we reported the effects of heavy metals pollution on
plants as well as human. In addition, bioremediation
potentials of endophytic fungi were discussed toward
management of harmful pollutants. The current research
works on the potential of endophytic fungi in bioremediation
of heavy metals contamination is indicating an excellent
success. Further work needs to be done, such as on the
mechanisms involved in bioremediation processes.
Furthermore, considering the availability of different plant
species on earth more work need to be done in isolation of
endophytic fungi from the diverse plants available and
screen for their bioremediation potentials.

Table 1: Endophytes-assisted bioremediation processes of some heavy metals

Plant source Endophytic fungi Bioremediation process Reference
The Mucor sp. was able to remove 60-87% of the HMs (Cré*,
Parthenium sp Mucor sp MnZ*, Co?*, Cu?*and Zn2*) from broth culture medium 164]
' delivered with 300 ug mL-" of these metals. The strain
effectually endured up to 900 pgmL™"*
Root of Aeschynomene Aspergillus sp. A31 The concentration qf Hgin the; pollgted soil was reduced. by
fluminensis and Pol and 7.69% and 57.14% in A. fluminensis plants inoculated with 60
) ygonum Lindgomycetaceae Aspergillus sp. A31 + Lindgomycetaceae P87 and 160}
acuminatum y Sperg P gomy
P87, Lindgomycetaceae P87, respectively
Beta vulgare, Parthenium .
argentatum, Zea Mays, The S.t.ra'ns were . .
Saccharum officinarum |dent|f|gd as The fungal |§olates were foun'd to remove Crlfrom SO'.' and
Colocasia esculenta ’ ASQ' ergillus fumigatus, culture media. They glso as bio-transformed it from highly [61]
Cucurbita maxima a’n d Rh/z‘og' Us sp., toxic Cré* to least toxic Crd*.
Ficus carica ’ Penicillium radicum
Alternaria alternata isolated was most effective in elimination
leaves of . of varying . .
Cupressus torulosa Alternaria alternata nymber of HMs with respect Cu+2, Pb+2, Ag +, Hg +2 which | [65]
displayed the extreme uptake of lead of 80% and the least
uptake of Ag of 63.1% at concentration of 50 ug/mL
The results shown that F. falciforme and Fusarium sp. have a
important capability for bio-removal of Cd from aqueous
Convolvulus arvensis Fusarium falciforme solutions as their tolerance indexes were >1. The [66]
and Fusarium sp. bioaccumulation ability stretches to 276.5 and 101.6 pg/g
with percentages bioremediation values of 82.4% and 76.5%,
respectively.
Aspergillus closest to The isolated strain offered a noticeable tolerance to high
Prosopis laevigata Aspergillus luchuensis concentrations of Cu, Pb and Zn. It favors the translocation of | [67]
the HMs from the roots to the leaves in Prosopis laevigata.
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