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Abstract:

The study provides a broad overview of all forms of melanin found in various spe-
cies. Melanin is usually handled independently from comparable fungal or bacterial 
pigments since it is thought to be an animal cutaneous pigment. Melanin’s are aged 
biological pigments present in all domains of life. Their function in microbial patho-
genicity is well recognized in fungi; nevertheless, these complex macromolecules let 
fungal pathogens survive in extreme environments including the Earth’s poles, the In-
ternational Space Station, and areas polluted by radioactive substances and ionizing 
radiation. Melanin is a pigment that retains and accumulates carbon because of its 
capacity to connect with a wide variety of wavelengths of electromagnetic radiation. 
Free radical scavenging, thermotolerance, Melanin can also benefit an ectotherm who 
lives in frigid areas with limited quantities of sun exposure, according to new research. 
Melanin’s thermoelectric influence in air creates a positive thermoelectric voltage. 
Melanin can also aid an ectotherm living in cold regions with limited solar exposure, 
which can be troublesome in dry tropical climes due to the risk of overheating. In this 
paper, we will look at the specific roles of melanin pigment. Fungal pigments have been 
found to have anti-cancer and anti-tumor properties. In addition, cosmetic companies 
are seeking for new natural pigments to replace synthetic forms. In this research, we’ll 
look into the specific roles. Fungal melanin is involved in metal ion sequestration, cell 
growth, and cellular mechanical-chemical energy.
Keyword: thermal melanism, black fungus, Biological Roles, industrial Applications. 

إنتاج صبغة الميلانين بواسطة الخلايا الفطرية 

ووظائف الميلانين الفطرية في التطبيقات المختلفة
وجدان احمد علي  //  جامعة الانبار - كلية العلوم - قسم علوم الحياة

الخلاصة:

قدمت الدراسة نظرة عامة واسعة على جميع أشكال الميلانين الموجودة في الأنواع المختلفة. عادة ما يتم التعامل مع 
الميلانين بشكل مستقل عن الأصباغ الفطرية أو البكتيرية المماثلة حيث يُعتقد أنه صبغة جلدية حيوانية. صبغات الميلانين هي 
أصباغ بيولوجية قديمة موجودة في جميع مجالات الحياة. وظيفتها في الإمراضية الميكروبية معترف بها جيدًا في الفطريات؛ 
ومع ذلك، فإن هذه الجزيئات المعقدة تسمح لمسببات الأمراض الفطرية بالبقاء على قيد الحياة في البيئات القاسية بما في 
ذلك قطبي الأرض، ومحطة الفضاء الدولية، والمناطق الملوثة بالمواد المشعة والإشعاع المؤين. الميلانين هو صبغة تحافظ على 
الكربون وتراكمه بسبب قدرته على الاتصال بمجموعة متنوعة من الأطوال الموجية للإشعاع الكهرومغناطيسي. إزالة 

الجذور الحرة، والتحمل الحراري.           
التعرض  من  بكميات محدودة  متجمدة  مناطق  تعيش في  التي  الخارجية  الحرارة  أيضًا من  الميلانين  يستفيد  أن  مكن 
لأشعة الشمس، وفقًا للأبحاث الجديدة. يخلق التأثير الكهرو حراري للميلانين في الهواء جهدًا كهربائيًا حراريًا إيجابيًا. 
وهذا يمكن أن يساعد الميلانين للذين يعيشون في المناطق الباردة مع التعرض المحدود للشمس، والذي يمكن أن يكون 
مزعجًا في المناخات الاستوائية الجافة بسبب خطر ارتفاع درجة الحرارة. في هذا البحث، سننظر في الأدوار المحددة لصبغة 
الميلانين فقد تم العثور على الأصباغ الفطرية التي لها دور وخصائص مضادة للسرطان ومضادة للأورام، إضافة الى ان 
شركات مستحضرات التجميل تسعى للحصول على أصباغ طبيعية جديدة لتحل محل الأشكال الاصطناعية.. يشارك 

الميلانين الفطري في عزل أيونات المعادن، ونمو الخلايا، والطاقة الميكانيكية والكيميائية الخلوية. 
الكلمات المفتاحية: الميلانين الحراري، الفطريات السوداء، الأدوار البيولوجية، التطبيقات الصناعية .
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Introduction
Fungal melanin’s perform several 

biological roles including photo pro-
tection, energy recycling by easily 
processing and transducing electro-
magnetic radiation, as well as ther-
moregulation Free radical and metal 
binding are other functions of fun-
gal melanin, as well as dehydration 
defense, chemical and mechanical 
stresses as well as the condition of 
fungal growth. Humic substances 
(HS), which are dark-colored organic 
compounds generated via chemi-
cal and biological transformation of 
mostly plant leftovers but also animal 
and human wastes, are another signif-
icant carbon deposit in nature. Phe-
nols, quinones, carbohydrates, as well 
as larger molecular mass components 
including lignins, polysaccharides, 
and melanins, are the primary build-
ing blocks of HS. based substances 
such as chlorophylls, bilirubin, hemo-
globin, hemocyanin as melanins, tan-
nins and cutins Microorganisms, par-
ticularly fungi that produce oxidizing 
enzymes, are crucial in the produc-
tion, breakdown, transformation, and 
mineralization of HS. (1), (2). Melanin 
has a structure that is both varied and 
heterogeneous. This is owing to the 
fact that melanin comes from a vari-
ety of places, resulting in variability in 
composition, size, color, and function. 
Furthermore, melanin’s physical char-
acteristics (strong negative charge, 
large molecular weight, and hydro-

phobic nature) make it difficult to 
detect and define its structure using 
analytical methods (3). Melanins are 
a type of biological pigment that is 
unlike any other. Due to their variety 
and structural complexity, Eumela-
nins, pheomelanins, neuromelanins, 
and allomellalins are the four types of 
melanins (4). Melanin and  polyphe-
nolic pigments are multifunctional  
polymers with a wide range of aes-
thetic and defensive functions in the 
living world  adhesive, photonic, elec-
trical, and radiation-protective mate-
rials and coatings continue to be in-
spired by these polymeric pigments. , 
such as optical broadband absorption 
and paramagnetism movement of 
charges Melanins may perform a va-
riety of tasks in biological processes 
related to these characteristics, and 
melanisation is a generic response to 
climatic change (5),(6). The pervasive 
existence of melanins in the genetics 
suggests a fundamental significance 
in the development of life on Earth 
for this type of biomolecules. Mela-
notic, black, dematiac, microcolonial, 
or meristematic fungus are examples 
of constitutively melanized fungi. 
Many fungal organisms which could 
be named “facultative melanotic” 
fungi under certain circumstances 
just melanised. Phylogenetically com-
plex melanotic fungi occur. Melanin is 
produced by fungi through a variety 
of biosynthetic routes. However, it 
is widely assumed that ascomycetes 
fungus generates melanin from 1,8 di-
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hydroxynaphthalene (DHN), whereas 
basidiomycetes fungi create catechol 
melanin from -glutaminyl-3,4–dihy-
droxybenzene precursor, commonly 
known as GDHB melanin, and less 
frequently from L-dihydroxyphe-
nylalanine (L-Dopa) (3). During the 
production of melanin, the phenolic 
precursors go through numerous re-
duction and oxidation stages, which 
can happen enzymatically by polym-
erizations. In addition, also in the ab-
sence of enzymes, a transparent solu-
tion of L-Dopa aqueous can sediment 
into melanin particles at room tem-
perature (7). Melanin synthesis is de-
pendent on the enzyme diphenol oxi-
dase, which is encoded by two genes, 
LAC1 and LAC2, with Lac1 being the 
most important protein involved in 
the pigment’s formation (8). Human 
melanin and fungal melanin may have 
similar functional groups and physi-
cochemical properties. Due to the 
vast variety of melanotic organisms 
and metabolic processes involved 
in the synthesis of melanin, fungal 
melanins are likely to appear, it is fre-
quently unknown. (9). Melanin is pres-
ent on the cell surface of fungus and 
is also discharged into the extracel-
lular environment Melanin granules 
can be located between the plasma 
membrane and the cell wall’s inner-
most layer for example in Cryptoccus 
neoforman. When chitin production 
is disrupted, it is released into the en-
vironment, resulting in a phenotype 
known as “leaky melanin.” In C. neo-

formans melanin isolates, traces of 
NMR chitin signals are common (10).

This indicates that these polysac-
charides are strongly connected with 
the pigment in order to survive hy-
drolysis during melanin preparations, 
Melanin has a significant impact on 
C.neoformans biology and pathoge-
nicity, the pathogenicity of mutants 
who are unable to melanize is signifi-
cantly reduced this pigment is widely 
recognized for conferring resistance 
to a variety of stress conditions, in-
cluding free radicals, ionizing radia-
tion, and heat .It can also bind to an-
tifungal medicines, making them less 
effective. Intriguingly, a recent re-
search found that cryptococcal mela-
nin improves heat uptake and so helps 
to low-temperature growth. (11). 

According to a new research, In  
Aspergillus, melanin manufacturing 
begins in internal endosomes, which 
are released into the cell wall in a 
unique manner, allowing additional 
melanin producing enzymes to accu-
mulate (12).

 Melanin’s Functions with Fungi 
A single melanin-producing mela-

nocyte is surrounded by epidermal 
cells and other cell types in the mela-
no-epidermal unit. Melanosomes cre-
ate a crucial barrier/shield of DNA in 
the cytoplasm of keratinocytes, ex-
hibiting photoprotection, by produc-
ing perinuclear caps. Melanin produc-
tion, distribution, type, and quantity 
all influence the skin’s physiological 
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reaction to UV light (13).
Melanins have physicochemical 

and structural properties that no 
other pigment can match (14). Our 
capacity to grasp melanin’s synthesis 
and, as a result, its functions is lim-
ited by its basic dynamic character. 
Physicochemical investigations have 
provided helpful insights into the 
characteristics that underpin their 
diverse biological roles in eukaryotic 
activities in recent years. (15). Anoth-
er effective defensive mechanism of 
melanins is their ability to absorb a 
wide range of electromagnetic radia-
tion, shielding fungus from damaging 
radiation such as UV light (16),(17). In 
fungus, increased melanin synthesis 
is linked to increased resistance to 
gamma radiation. Melanized fungus 
are more resistant to space radiation 
(18), and they can thrive in highly high 
ionizing radiation environments, such 
as the Chernobyl contaminated reac-
tor (19). C. neoformans and Exophi-
ala (Wangiella) dermatitidis are pro-
tected by melanin against extremes 
in temperature, both hot and cold. It 
also protects fungus from heavy met-
als that are prevalent in the environ-
ment. (20), (21). Melanized C. neofor-
mans, for example, are less sensitive 
to silver nitrate than non-melanized 
cells. Melanin chelates silver nitrate, 
a substance that would otherwise 
be extremely toxic to fungi and bac-
teria, providing this protection by 
boosting the expression of melanin 
production genes in response to the 

silver nanoparticles. As a result, fun-
gal melanins have a wide spectrum of 
protective functions against a variety 
of environmental stresses (22), (23).

   In a number of fungal species, 
melanin is a major virulence compo-
nent that acts as a non-specific shield 
during infection (24). All evident bio-
logical roles of fungal melanization 
outside of the human host. We shall 
examine the specific roles of fungal 
melanins on the following pages, in 
light of certain generic physicochem-
ical characteristics found for non-fun-
gal melanins (25).

Photoprotection
Melanin is thought to have a func-

tion in photoprotection by serving as 
a natural sunscreen on the epidermis. 
Although many biological pigments 
may only consume a narrow range 
of light frequencies, melanins can 
absorb a broad band of electromag-
netic radiation, shielding fungus from 
damaging UV rays. (17),(18).  Synthet-
ic and natural melanin optical absorp-
tion curves, exhibiting peaks in the UV 
zone and decreases as it approaches 
near infrared frequencies. Despite 
the fact that all melanins should have 
the same color, the optical character-
istics of specific fungal melanins are 
largely unknown, and they may differ 
substantially between species while 
having the same wide spectrum light 
absorption (26). Ionizing radiation 
causes fungal melanogenesis, which 
is similar to human skin tanning. It’s 
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crucial to note that black fungus can 
withstand levels of ionizing radiation 
that would kill any other eukaryote. 
Changes in the chemical content and 
structure of melanin are all possible 
ways for fungal melanin to protect a 
cell from radiation (27). The amount 
of radiation, the kind of irradiation, 
and the type of melanin all influence 
the potential for photoprotection af-
ter a certain amount of irradiation, 
photoprotection can change into 
photo-damage, since melanin can 
form cytotoxic radical organisms. As 
a result, the existence of melanin may 
result in a higher sensitivity to radia-
tion respond to Melanoma on the Skin 
in specific conditions. (28).

It is self-evident that exposure to 
sunlight offers a range of health ben-
efits. Visible radiation is required for 
the sensation of sight in mammals 
and the control of circadian rhythms, 
in addition to its function in photosyn-
thesis in plants and microbial algae. 
UV radiation has a number of ben-
eficial properties for human skin, in-
cluding antimicrobial properties and 
the ability to promote wound healing. 
UV-induced ring B opening promotes 
antibacterial activity, wound healing, 
and jaundice avoidance, as well as the 
production of active vitamin D from 
sterol precursors (29). 

Photoprotectors, on the other 
hand, are made from natural com-
pounds or alcoholic extracts derived 
from natural sources like marine and 
plants creatures. In reality, this ap-

proach has been used in a variety of 
ways throughout history, and many of 
them are taken from historical reci-
pes for various purposes, but some of 
them might be perfect sunscreen fil-
trates (30).

Antioxidant
Melanins are powerful antioxidants 

that aid fungal virulence by engaging 
with host defense mechanisms such 
as the suppression of phagocytic cell 
oxidative bursts (31). Fungal melanins 
may also provide protection against 
hypochlorite, permanganate, and hy-
drogen peroxide. Melanins are stable 
free radical molecules that may re-
spond to magnetic fields, explaining 
their paramagnetic properties for 
oxidized or minimized metals. Mela-
nins were used as sites for the syn-
thesis of metal nanoparticles by fun-
gal melanins. (32). Melanin pigments 
retain their capacity to absorb heavy 
metals and harmful electrophilic me-
tabolites, as well as deactivate free 
radicals and peroxides. Iron ion se-
questration has been recognized as a 
significant mechanism for melanin’s 
inhibitory effects on lipid peroxida-
tion. As a result, these pigments have 
a lot of antioxidant activity (33),(34).

     Antioxidants, however, are gen-
erally tyrosinase inhibito. The inhibi-
tion of melanogenesis is a frequent 
therapy for hypopigmentation. In the 
literature on skin pigmentation, there 
are several reviews on the construc-
tion and effects of tyrosinase inhibi-
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tors. These compounds, which are 
primarily found in plants and herbs, 
inhibit melanogenesis by decreas-
ing the expression of certain genes. 
(35),(36).

Energy harvesting
Chlorophyll has long been thought 

to be the most important light-ab-
sorbing pigment in photosynthesis. 
Without this pigment, no creature is 
known to be able to perform photo-
synthesis. However, there is a new, 
previously unknown player in the 
field: melanin. Melanin has the previ-
ously unknown ability to absorb vis-
ible and invisible light and convert it 
to chemical energy via the dissocia-
tion of water molecules. (37).  This 
function was predicated on the pres-
ence of melanotic microorganisms in 
certain environments, as well as the 
attraction of fungal growth to sourc-
es of radiation ( phenomenon known 
as radiotropism) ( 38).

Experimental proof was obtained 
by (39) that fungal melanin mediates 
a process for converting light energy 
into useable metabolic energy.  The 
degree of cell melanisation and the 
amount of radiation exposure de-
termine how quickly melanotic fun-
gus grow because of Melanins may 
absorb a wide variety of radiation 
wavelengths, including gamma rays, 
X-rays, and ultraviolet (UV) light. As 
a result, they may now be found in 
a wide range of fungi as effective 
photoprotectants. Some melanotic 

fungus, such as Cryptococcus neo-
formans, Alternaria and Aspergillus 
have enhanced radiation tolerance 
by growing toward sources of radia-
tion (40). The hydration condition of 
melanins has a substantial impact on 
their ability to transmit electric ener-
gy, showing that water is an essential 
component of the load transmission 
process (37),(39). In contrast to the 
conventional amorphous semicon-
ductor concept, recent investigations 
have revealed that in air, the thermo-
electric impact of melanin produces 
a positive thermoelectric voltage, 
which is unusual for resistive behav-
ior. Experts now characterize melanin 
as a porous mixed conductor in which 
the main charge shifts from electrons 
to protons as hydration rates rise. 
Melanin’s electroconductive charac-
teristics make it a good candidate of 
environmentally friendly electronics.  
(41).

 Thermoregulation
Melanin’s ability to absorb sun en-

ergy efficiently and disperse it non-ra-
diatively as heat is one of its functions 
in thermoregulation. Melanin, like a 
dark body, consumes the lightest and 
reflects just a little portion of the light 
absorbed. The impact of this energy 
absorption is determined by several 
factors, including melanin type, lu-
minous strength, and moisture level. 
Free radicals may build as a result of 
part of the energy absorbed (34).
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Ectotherms rely on the increase 
and fall of body temperature in rela-
tion to the temperature of the sur-
rounding environment. Although ec-
totherms, like other living organisms, 
produce some metabolic heat, they 
are unable to enhance this heat pro-
duction in order to maintain a cer-
tain internal temperature. As a result, 
melanin-mediated heat intake from 
sunlight is critical. It differs from en-
dothermic (‘warm-blooded’) animals, 
which rely on food metabolism to 
keep their body temperatures stable, 
the capacity of melanotic animals to 
absorb and convert electric radia-
tion. Melanin can also help an ecto-
therm who lives in cold climates with 
low amounts of solar exposure, which 
can be problematic in dry tropical cli-
mates owing to the risk of overheat-
ing. The ectothermic thermal mela-
nism theory, which may forecast its 
geographical distribution and ecol-
ogy, is based on such principles (42). 
Wangiella [Exophiala] dermatitidis 
has been documented protecting 
against heat stress, Conidia gener-
ated by Monilinia fructicola mutants 
lacking melanin were high sensitive to 
this conditions. As defensins, magai-
nins, and protegrins are kinds of fun-
gicidal and bactericidal proteins pres-
ent in mammals, this pigment inhibits 
the conidia from being digested by 
competing microbes’ proteases and 
hydrolases (43),(44). 

Resistance of Melanin pigment
Melanin pigment is so robust and 

durable that it is able to survive the 
fossilization cycle, whereas other or-
ganic macromolecules decay and 
vanish. These structural consisten-
cies over long periods of time often 
illustrates melanin’s marked role as 
a transducer of energy and indicates 
intriguing thermodynamic proper-
ties. (45). Manganese and lignin per-
oxidases have been found in a range 
of fungus species with strong mela-
nolytic activity Aspergillus fumigatus 
may breakdown melanin (46).

protection and adaptation
The ectomycorrhizal Cenococcum 

geophilum suppresses melanin syn-
thesis, leading in reduced osmotic 
stress and drying susceptibility (47) 
Fungal melanin can guard against 
desiccation by improving cells’ capac-
ity to consume and hold water (48). 
An ideal pigment-producing microbe 
should be able to use a variety of C 
and N sources, pH, temperature, and 
mineral concentration tolerant, and 
produce a fair amount of pigments. 
Nontoxic and nonpathogenic proper-
ties, as well as ease of separation from 
cell biomass, are other desirable char-
acteristics. It is critical to discover the 
nutritional and physical variables that 
have a stronger impact on cell devel-
opment and metabolite production in 
order to enhance performance and 
lower the cost of colors generated by 
microbial fermentation (49).
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 Anticancer Potential
of Fungal Pigments

Anticancer and antitumor activi-
ties have been discovered in fungal 
pigments. In numerous studies, fun-
gal pigments have been discovered as 
a potential anticancer treatment. Cell 
cycle inhibition and death are known 
to be properties of this microbial pig-
ment. Fungi, among microorganisms, 
have the capacity to generate chemi-
cals with antibacterial, anticancer, 
anti-mutagenic, and anti-viral proper-
ties, biosynthesises a variety of alka-
loids, terpenoids, steroids, phenolics, 
quinones, and pheromones. These 
metabolites have been linked to phy-
totoxic, cytotoxic, antifungal, antibac-
terial, and anticancer properties (50). 
Mouse skin carcinoma, human laryn-
geal carcinoma, human colon adeno-
carcinoma, human hepatocellular car-
cinoma, and other fungal pigments 
have been found to have anticancer/
antitumor potential against a range 
of malignancies (51) include norsol-
orinic acid from A. nidulans, shiraiarin 
from Shiraia bambusicola, alterpor-
riol K, alterporriol L, and alterporriol 
M from Alternaria spp., benzoquinone 
from Fusarium spp., With a red pig-
ment from Fusarium chlamydospo-
rum that has yet to be named (52) 

Malignant melanoma, sometimes 
known as “the cancer that rises with 
the Sun,” is one of the most aggres-
sive human tumors and has the poor-
est prognosis of all skin malignancies 

due to the failure of traditional thera-
pies like radiation and chemotherapy. 
Melanomas account for just 4% of all 
dermatologic malignancies, yet they 
are responsible for more than 80% of 
all skin cancer-related fatalities be-
tween 1975 and 2013, A variety of host 
characteristics and sun exposure cir-
cumstances have been identified as 
skin melanoma risk factors (53).

 Fungal Pigments
 in the Cosmetic Industry

   As the demand for natural goods 
grows, cosmetic manufacturers are 
looking for new forms of natural pig-
ments to replace synthetic colors. 
The usage of fungal pigments in cos-
metics is fast increasing due to their 
benefits. Cosmetics, sunscreens, sun 
lotions, sunblock face creams, anti-
aging facials, and other products 
containing fungal pigments such as 
melanin, carotenoids, and lycopene 
have all been shown to include fun-
gal pigments (54) Fungi include a 
variety of physiologically significant 
active chemicals The fruiting bodies 
of several species of basidiomycetes 
are utilized in traditional treatments 
and cosmetics. Mushrooms include 
a variety of chemicals that are uti-
lized in nutraceuticals. The results of 
such compounds come in a variety of 
shapes and sizes such a creams, lo-
tions, applied topically and ointments 
(55), (56).
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Conclusion
Melanin’s physicochemical charac-

teristics and biological activity make 
it an ideal biomaterial for a variety of 
cosmetic, medicinal, electrical, and 
food processing applications. Fur-
thermore, this pigment is biotechno-
logically interesting since it can be 
produced in large numbers at a low 
cost, making its use in practical ap-
plications in the future economically 
possible. However, more informa-
tion on structure-property-function 
relationships is needed in order to 
develop melanin-based technology. 
Furthermore, the substance will be 
helpful and will encourage additional 
research into fungal melanin, which 
might aid in the development of in-
novative and sustainable solutions for 
human health and the environment.
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