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ABSTRACT
Melanin is a pigmented material varies from yellow to black color dependent on the type of
melanin. Not all the microorganisms can produce this material, most industrial researchers
are looked after about melanin that produced from environmental microorganisms and little
is known about from pathogenic bacteria and its role in pathogenesis. Therefore this study is
aimed to focus on the role of melanin produces by one pathogenic bacteria(Klebsiella
pneumoniae ) isolated from an infected wound on host immune responses.The results of this
study showed, that the increasing melanin concentration leads to decrease in the phagocytic
index. and in vivo tests are done by using different concentration of extracted microbial
melanin, These concentrations showed variable effects on tested cytokines( IL-1§ , IL-12 ,
TNF-a , IL-10, IFN-y and IL-4) In conclusion, microbial melanin is act as virulence factor
throughout suppress the most important pro-inflammatory cytokines and that squeal to
counteract immune responses.
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INTRODUCTION

Melanin's are one of the polymers of phenolic
compounds. It's brown to black colored
complex natural pigments. As well as widely
distributed throughout all living forms in
nature. This pigment has several biological
functions which comprise thermoregulation,
photo protection, acting as free radical sinks,
cation chelators, and as antimicrobials. In
plants, melanin acts as cell wall strengtheners
(30), while in humans it regulates the skin
color and also acting a vital role in protecting
the skin against ultraviolet light (12).Whereas
the microbial melanin acts as a protective
agent against environmental stresses. For
example, it's made the bacteria resistant to
antimicrobials (24) and is involved in fungal
pathogenesis (6). Melanin classification into 3
main types Eumelanins; are a black or brown
pigment, Pheomelanins: are yellow to red
pigment and Allomelanins: classified as black
eumelanin and yellow-to-brown pheomelanin,
whereas melanin's from plants, fungi, and
bacteria are brown-to-black allomelanins
(32).There are several key enzymes
complicated in melanogenesis, such as
tyrosinase which is involved in the formation
of melanin, it helps in the conversion of
tyrosine to DOPA (13), oxidoreductases, such
as laccases, its belong to the blue copper-
containing oxidases family, together with
ascorbate oxidase and ceruloplasmin (35).
Whereas polyketide synthases (PKS) belongs
to multidomain protein related to fatty acid
synthases involved in the biosynthesis of
melanin. Several microorganisms utilize these
enzymes to produce secondary metabolites
like, antimicrobials, pigments, toxins and other
products (22). P-hydroxy phenyl pyruvate
hydroxylase (HPPH) is the key enzyme
involved in pyomelanin biosynthesis. This
enzyme pathway is belongs to the
phenylalanine and tyrosine degradation, is
ubiquitous among living organisms (25). And
4-hydroxy phenylacetic acid hydroxylase
(HPA), belongs to a separate family of
hydroxylases which catalyzes the development
of allomelanin-like polymers. Tyrosine is also
a substrate of HPA, but unlike tyrosinase (17).
Bacterial melanin has several biological
functions of like because melanin includes
various groups which are able to donate and
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accept electrons, therefore it acts as an electron
acceptor in bacteria (26) and has antioxidant
activity(11). As well as has a role in nitrogen
fixation by soil bacterium Azotobacter
chroococcum (31). Also, melanin as anti-
venom for that extracted from black tea has
shown antivenin activity in mice (21).
Researchers (36) reported that the crude
melanin pigment from Streptomyces had
shown antibacterial activity ~ against
Escherichia coli, and Lactobacillus vulgaris
had the ability to inhibit Human
Immunodeficiency Virus (HIV) replication in
vitro (38). In addition, it acts as a virulence
factor in pathogenesis of Burkholderia cepacia
which serves as an example of how melanin
production increases bacterial virulence (39).
Because is little known about the pathogenic
K. pneumoniae melanin and its role in
bacterial pathogenicity. Therefore, this study
was aimed to investigate the effect of
pathogenic K. pneumoniae melanin on some
immune parameters in mice.

MATERIALS AND METHODS

According to Saud and Alaubydi method (19),
melanin  pigment was extracted from
pathogenic K. pneumoniae isolated from the
clinical sample.

Phagocytosis Assay

Dependent on (7), six heparin-containing tubes
supplemented with 1ml of the healthy human
blood sample in a sterile condition. Candida
albicans was obtained and supplemented by
(College of Science/ Biotechnology dept.) . By
using sabouraud agar throughout overnight
incubation at 37°C, the yeast was activated.
The collected yeast cells were diluted with
sterile normal saline in a percentage 1:4
(10%ml). On the other hand, serial
concentrations of pigment (500, 750, 1000,
1250, 1500 pg\ml) were prepared by using
phosphate buffer pH 8 as diluents. Aliquot of
0.1ml from each pigment concentrations was
added to blood tubes except the control
(included the blood sample and 0.1ml of
diluted activated Candida albicans ). All tubes
were incubated at 37°C for 90 minutes. A
duplicate of blood smear were prepared on
clean slides of microscopic for each sample,
after drying, the blood smear stained with
Giemsa stain for 10 min. then washed with tap
water, drying, and microscopic reading. The
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phagocytic index is calculated according to the
following equation (19):

Phagocytic index =

No. (Phagocytic cell)/ No. (Phagocytic + non
phagocytic cell) x 100

Preparation of antigen —adjuvant emulsion
According to (14), melanin pigment treated as
antigen, it was prepared at concentration (500,
750, 1000, 1250, 1500) pg\ml by dissolving
pigment powder with 5 ml of phosphate buffer
pH 8, then each concentration mixed well with
olive oil until the emulsion become
homogenized and milky like.

In vivo tests: This experiment was done in
Biotechnology Center/ University of Al-
Nahrain. Thirty albino mice weight (25-30)g
were used and divided into six groups, each
group included five mice., one of them
represented as control. These groups were
treated as following:

Control group: intraperitoneal (i.p) injected
with 1 ml of (Olive oil and phosphate buffer)
emulsion. As well as each group (1,2,3,4,5)
were i.p injected with (500, 750, 1000, 1250
and 1500 pg\ml) with partial purified prepared
melanin emulsion for 3 days respectively.
After one week from the first dose, another
booster dose was given. All groups are
monitored for 14 days from the first dose. And
then the laboratory animals are anesthetized
by inhalation using chloroform, blood samples
were pooled from the heart using 3ml syringe
then separate the serum by centrifugation at
5000 xg, after that collected and preserved in
sterile tubes and stored at -20°C. Further
immunological tests were done such as IgG
antibody titer (Abcam’s IgG Mouse ELISA

kit), and several cytokines (e.g IL1 beta, 1L4,
IL10, IL12, TNF-a, and INF-Gamma) by
ELISA technique.

Statistical analysis

Statistical analyses were performed by use of
IBM SPSS computer program version 21.
Differences between the groups were
statistically analyzed by ANOVA table. Data
are expressed as mean * standard error (SE). A
P value of < 0.05 was regarded as statistically
significant

RESULTS AND DISCUSSION

Effect of melanin on phagocytic index:
Many pathogenic microbes are produce
melanins which has an important role in
virulence and pathogenicity throughout
protecting the microbe from immune
responses of the host. In mammalians, a major
aspect of the innate immune defense system
against invading pathogens involves melanin.
The overall measurement of phagocytosis
index results is summarized in Table 1, which
showed the obvious effect of increasing
melanin concentration leads to decreasing in a
phagocytic index, therefore melanin pigment is
considered as a virulent factor for pathogenic
bacteria. This result was agreed with
Bustamante, et al. (5), who they explained the
inhibition effect of melanin on phagocytic
ability of neutrophil throughout negative
charge of melanin that neutralized the activity
of neutrophil defensin. As well as it enhances
virulence by protecting microbe against free-
radical fluxes generated by immune effector
cells, suggesting that even a small amount of
melanin may provide significant protection
against reactive nitrogen species .

Table 1. The phagocytic index by using melanin in vitro

Group no. Total no. Phagocytic Phagocytic
(phagocytic and cells Index
non-phagocytic cell)

500 pg\ml 41 28 68%

750pg\ml 26 15 57.6%

1000 pg\ml 26 13 50%

1250 pg\ml 37 12 32.4%

1500 pg\ml 34 10 29.4%

Control 42 36 85.7%

In vivo experiment
The results of the quantitative detection of
different interleukins (IL-1B, TNF-a, INF-y,
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IL-10, IL-4, and IL-12) were revealed the
following:

Interleukin 1 § (IL-1p): It is one of the strong
pro-inflammatory cytokines, secreted from
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various cell types including peripheral blood
monocytes, macrophages, B cells, helper T
lymphocytes and NK cells (10). the present
results of IL-1p showed the different conc. of
melanin do not recorded significant alteration
in all treated groups except the group 3 that
treated with 1000 pug/ml Table 2. These results
disagree with that found by other researchers
(27) they mentioned that, the IL-1pB level did
not altered due to treated lab. animals with
different conc. of synthetic melanin. On the
other hand, these results reflected the low
toxicity of melanin, as a reason of an immune
response without activation of caspase-1 or
secretion of IL-1 beta at these concentrations
of pigment. Whereas increasing of IL-1 beta
promotes cell growth, tissue repair, and
immune response regulation and has a
significant role in many chronic and acute
inflammatory diseases (24). Therefore this
microbial pigment does not consider as
inflammatory response inducer .

Tumor necrosis factor — o (TNF-a):

It is a cytokine associated with acute and
chronic inflammation. It is produced chiefly
by activated macrophages, although it can be
produced by many other cell types such as
CD4" Iymphocytes, NK cells, neutrophils,
mast cells, and eosinophil’s (34). As showed
in Table 2, all groups revealed significant
increasing  except group one, These
observations raise the predictions of using
melanin for treatment of diseases associated
with some cancerous cases, for imbalanced
cytokine  production, and for  other
immunotherapies. This result is confirmed
with that of EI-Obeid, et al., (12) who
documanted TNF-a can enhance
immunogenicity and promote tumor regression
Interleukin 10 (IL-10) and INF-y:IL-10 is
recognized as cytokine synthesis inhibitory
factor which is a product of Th, cells
following antigenic stimulation that block
cytokine production from Thy; cells. IL-10
achieved this effect by inhibiting the ability of
macrophages and dendritic cells to activate
Th; cells (26), however, I1L-10 can also be
produced by most if not all CD4" T cell subset,
including Th; and Thy; cells, B cells,
neutrophils, and macrophages. In this regard, it
has been found that IL-10 inhibits the
protective immune response against pathogens
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by blocking the production of pro-
inflammatory cytokines, such as TNF- alpha.
It’s also capable to inhibit phagocytosis and
microbial  killing through limiting the
production of reactive oxygen and nitrogen
intermediates in response to INF-gamma
(9,28). Table 2 showed the significant (P<
0.05) elevation of IL-10 in the groups 2,3 and
4 comparable with the control one. The present
result is not agreed with that recorded by
Mohagheghpour et al.,(27), who they
mentioned the in vivo test of synthetic melanin
led to suppress IL-10 production, this
differences between both studies may be due
to the source and the conc. of usable melanin
in the experiments. Whereas, Interferon—y is
mostly synthesized by Th; lymphocytes, after
their  activation  with  immune and
inflammatory  stimuli, rather than viral
infection (15). Interestingly, natural Killer cells
can furthermore function as adaptive effectors
once activated by T cell-induced IFN-y or
when IgG ultimately elicits antibody-
dependent cell cytotoxicity (16). IFN-y
secreted to activate macrophages and to induce
their microbicidal functions (29). Although it’s
essential for the development of an immune
response, that extends the lifespan of an
infected animal. IFN-y/IL-10 ratio reflecting
the Thy/Th; balance in serum (32).The result in
Table 2 is elucidated no significance (P< 0.05)
elevation occurs among all treated groups
comparison with control one, that reflects the
role of IL-10 in suppression IFN-y secretion
from Th;, and then counteracting cell-
mediated immunity and the response is the
bias toward stimulation humoral immune
response and production of immunoglobulin.
From previous results, microbial melanin
mostly suppresses this type of cytokines with
some exception of IL-10 and TNF-a. Because
pro-inflammatory  cytokines production
mediates the  damaging  squeals  of
inflammation in case of infections, therefore
this point is to improve the bacterial melanin
consider as one of the bacterial virulence
factors. This result is confirmed to that
reported by Areej et al., (1) they showed plant
melanin had an inhibitory effect on some pro-
inflammatory cytokines, but it increased TNF-
o and secretions in BJAB cells
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Interleukin 4 (IL-4): Is a cytokine that
induces differentiation of naive helper T cells
(The cells) to Th, cells (33). It has many
biological roles, including the stimulation of
activated B and T- cells proliferation, and the
differentiation of B cells into plasma cells. It is
a key regulator of humoral and adaptive
immunity. IL-4 induces B-cell class switching
to IgE and up-regulates MHC class Il
production. IL-4 decreases the production of
Thy cells, macrophages, IFN-y, and dendritic
cell IL-12.0verproduction of IL-4 is
associated with allergies (18). The results of
IL-4 in this study showed that, there is no
significant increase had been occurred at (P<
0.05), except group 3 which showed light
significance. Because IL-4 is related mostly to
an allergic condition as in report of Gour and
Wills-Karp (18), therefore this result reflects
the positive effect of different conc. of
bacterial melanin on the host. This agreed with
that of Choi et al. (8), who they mentioned
about IL-4 has the ability to suppress
melanogenesis and vice versa. Melanin is
thought to contribute to microbial virulence by
protecting microbial cells from oxidative
attack during infection. However, there is also
evidence from various systems that melanin's
have immunomodulatory properties, which
possibly could contribute to virulence by
altering immune responses as Aron et al. (3)
reported. Therefore the microbial melanin

Table 2. Levels of different cytokines (TNF-

production led to counteract of an immune
system to eradicate the microbes, this finding
is acted as another improvement about
microbial melanin is one of the bacterial
virulence factors.

Interleukin -12 (IL-12): Is an interleukin that
is naturally produced by dendritic cells (23),
macrophages, neutrophils, and human B-
lymphoblastoid cells (NC-37) in response to
antigenic stimulation. It is involved in the
differentiation of naive T cells into Th; cells. It
is known as a T cell-stimulating factor. It
stimulates the production of tumor necrosis
factor-alpha (TNF-a) from T cells and natural
Killer (NK)cells and reduces IL-4 mediated
suppression of IFN-y. Also plays an important
role in the activities of natural killer cells and
T lymphocytes, and mediates enhancement of
the cytotoxic activity of NK cells and CD8"
cytotoxic T lymphocytes (18). the results of
IL-12 in table 3 revealed, all treated groups do
not record significant increasing at (P<0.05)
except for group 3 comparison with the control
group , that reflects the positive effect of IL-
12 on the elevation of TNF-a level, and
negative effect on IL-4 and INF-y levels,
moreover elucidated the relationship between
IL-10 and IL-12 ,that means increasing 1L-10
restricted the effect of 1L-12, and directed the
immune response to humoral immunity ,all
these results are agreed with that reported by
Gour and Wills-Karp (18).

a, INF-y, IL-1p, IL-4, IL-10 and IL-12)

Group Cytokines in pg\ml + SE
TNF-a [ INFy | IL-1g | L4 [ 1L-10 [ IL-12
Control 20£3.2 4.5+4.6 12+ 6.2 11+3.4 22+2.3 10£1.2
Group 1 (500pg\ml) 22+2.5 42135 11+ 3.8 12411 27x1.6 11451
Group 2 (750pg\ml) 27+5.3* 4.67.1 13.8+1.3 16+£3.1* 28.3£3.2* 13+£2.6
Group 3 (1000pg\ml) 45.3+* 46x4.8 20x4.2* 17+47* 30.6x4.4* 16x2.1*
Group 4 (1250ug\ml) 43+3.7* 54+52 12+#35 16x4.1*  36x34*  14+3.2*
Group 5 (1500ug\ml) 27+4.1* 55+2.1 12+1.4 16+5.3* 25x2.3 12+1.2
*= significant results(P< 0.05) compared with medicine of Jordan. Journal of

the control group

REFERENCES

1. Areej M. A, R. N. Haddadin, N. A.
Aldouri; R. A., Sun D. M. and M. Y. Bustanji.
2013. Anti-cancer, anti-inflammatory and anti-
microbial activities of plant extracts used
against hematological tumors in traditional

356

Ethnopharmacology. 145(3): 728-736.

2.  Arko-Mensah. 2008. Mycobacterial
Infection: Immune Evasion, Host
Susceptibility and Immunological Markers of
Diagnostic Importance. Ph.D. Dissertation
from the Department of Immunology, the
Wenner-Gren Institute, Stockholm University,
Stockholm, Sweden pp:73.


http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/article/pii/S0378874112008161#!
http://www.sciencedirect.com/science/journal/03788741
http://www.sciencedirect.com/science/journal/03788741
http://www.sciencedirect.com/science/journal/03788741/145/3

Iragi Journal of Agricultural Sciences —2019:50(1):352-358

Saud & Alaubydi

3. Aron J. M., J. D. Nosanchuk, and A.
Casadevall. 2005. Melanization of
Cryptococcus  neoformans  affects  lung
inflammatory responses during Cryptococcal
infection. Infection and Immunity, 73(4):
2012-2019.

4. Brown,S., and M. Whalen, 2015. Tributyltin
alters secretion of IL-1 beta from human
immune cells. J. Appl Toxicol. 35(8): 895-908.
5. Bustamante, J. L., B. G. Malanga and J.
Mordoh. 1993. Role of melanin as a scavenger
of active oxygen species. Pigment Cell Res.
6:348-353.

6. Butler, M.J. and AW. Day. 1998. Fungal

melanin's: a review, Can. J. Microbiol,
44(12):1115-1136.
7. Cech, P. and R.l. Leherer 1984.

Phagolysosomal pH of human neutrophils.
Blood. 63(1):88-95

8. Choi H., J. Han, S. H. Jin, J. Y. Park, D. W.
Shin, T. R. Lee, K. Kim, A. Y. Lee and M.
Noh. 2012. IL-4 inhibits the melanogenesis of
normal human melanocytes through the JAK2-
STAT®6 signaling pathway. J Invest Dermatol.
Feb; 133(2):528-36

9. De Souza RL, Campos VC, Ventura SPM,
Soares CMF, Coutinho JAP, Lima AS 2014.
Effect of ionic liquids as adjuvants on PEG
based ABS formation and the extraction of
two probe dyes. Fluid phase equilib. 375:30-36
10. Dinarello C. A. 2011. Interleukin-1 in the
pathogenesis and treatment of inflammatory
diseases. Blood., 7;117 (14):3720-32.

11. Dong, C. and Y. Yao. 2012. Isolation,
characterization of melanin derived from
Ophiocordy cepssinensis, an entomogenous
fungus endemic to the Tibetan Plateau, J.
Biosci. Bioeng, 113,474-479

12.El-Obeid A, S. Al-Harbi, N. Al-Jomah
and A. Hassib 2006. Herbal melanin
modulates tumor necrosis factor alpha (TNF-
alpha), interleukin 6 (IL-6) and vascular
endothelial growth factor (VEGF) production.
Phytomedicine_. 13(5):324-33

13. Fairhead, M. and L. Thony-Meyer 2010.
Role of the C-terminal extension in a bacterial
tyrosinase, FEBS. Journal, 277:2083-2095

14. Flies, D.B. and L.A. Chen. 2003. Simple
and rapid vortex method for preparing
antigen/adjuvant emulsions for immunization.
J. Immunol. Methods. 276(1-2):239-42

357

15. Frucht DM, M. Gadina, GJ. Jagadeesh , I.
Aksentijevich , K. Takada , JJ. Bleesing , J.
Nelson , LM. Muul , G. Perham , G. Morgan
, EJ. Gerritsen , RF. Schumacher , P. Mella
, PA. Veys , TA. Fleisher , ER. Kaminski , LD.
Notarangelo , JJ. O'Shea , F. Candotti 2001.
Unexpected and variable phenotypes in a
family with JAK3 deficiency. Genes Immun.
2(8):422-32

16. Gao, D.,I. Vela, , A. Sboner, |,
P.J. laquinta,W.R.Karthaus, A.Gopalan  , C.
Dowling, and J.N. Wanjala 2014. Organoid
cultures derived from patients with advanced
prostate cancer. 159(1):176-87.

17. Gibello, A., M Suarez, J.L. Allende and M.
Martin 1995. Molecular cloning and analysis
of the genes encoding the  4-
hydroxyphenylacetate hydroxylase from K.
pneumoniae, Arch. Microbiol, 167;160-166
18. Gour N and M. Wills-Karp 2015. IL-4 and
IL-13  signaling in  allergic  airway
disease. Cytokine. 75 (1): 68-78.

19. Saud, HM and M.A. Alaubydi. 2016.
Production, extraction and partial purification
of melanin pigment from pathogenic
Klebsiella pneumoniae HM isolated from
clinical samples. Int. J. Curr. Microbiol. App.
Sci 5 (10), 910-919.

20. Huang, H. C. and T.M. Chang
2012.Antioxidant properties and inhibitory
effect of Bifedobacterium adolescentis on

melanogenesis,  World. J.  Microbiol.
Biotechnol, 28(9):2903-2912
21. Huang,Y., Xintian Lai, Xiaocui He,

Lixiang Cao, Zhirui Zeng, Jiong Zhang and
,Shining Zhou 2009. Characterization of deep-
sea sediment metagenomic clone that produces
water-soluble  melanin in E.coli. Mar.
Biotechnol. 11:124-131

22. Hutchinson, C. R. 2003. Polyketide and
non-ribosomal peptide synthase: falling
together by coming a part , Proc. Natl. Acad.
Sci., 100,3010-3012

23. Kalinski P, C.M. Hilkens, A. Snijders, F.G.
Snijdewint and M.L. Kapsenberg 1997. IL-12-
deficient dendritic cells, generated in the
presence of prostaglandin E2, promote type 2
cytokine production in maturing human naive
T helper cells. J. Immunol. 159 (1): 28-35.

24. Lin Wen-Po, Hsing-Lung Lai , Yi-Lin Liu
, Yin-Mei Chiung , Chia-Yang Shiau , Jun-
Ming Han , Chuen-Mi Yang and Yu-Tien Liu


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dinarello%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=21304099
https://www.ncbi.nlm.nih.gov/pubmed/21304099
http://www.ncbi.nlm.nih.gov/pubmed/?term=El-Obeid%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16635740
http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Harbi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16635740
http://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Jomah%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16635740
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hassib%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16635740
http://www.ncbi.nlm.nih.gov/pubmed/16635740
http://www.ncbi.nlm.nih.gov/pubmed/?term=Flies%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=12738377
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=12738377
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frucht%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gadina%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jagadeesh%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aksentijevich%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bleesing%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muul%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perham%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morgan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morgan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gerritsen%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schumacher%20RF%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mella%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mella%20P%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Veys%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fleisher%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaminski%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Notarangelo%20LD%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Shea%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Candotti%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11781709
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vela%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sboner%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iaquinta%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Karthaus%20WR%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gopalan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dowling%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wanjala%20JN%5BAuthor%5D&cauthor=true&cauthor_uid=25201530
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532591
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
http://www.jimmunol.org/cgi/pmidlookup?view=long&pmid=9200435
http://www.jimmunol.org/cgi/pmidlookup?view=long&pmid=9200435
http://www.jimmunol.org/cgi/pmidlookup?view=long&pmid=9200435
http://www.jimmunol.org/cgi/pmidlookup?view=long&pmid=9200435
http://www.jimmunol.org/cgi/pmidlookup?view=long&pmid=9200435

Iragi Journal of Agricultural Sciences —2019:50(1):352-358

Saud & Alaubydi

2005. Effect of melanin produced by a
recombinant Escherichia coli on antibacterial
activity of antibiotics. J. Microbiol. Immunol.
Infect, 38(5):320.

25. Menon IA, SD. Persad , HF. Haberman
, PK. Basu , JF. Norfray , CC. Felix and B.
Kalyanaraman 1991. Characterization of the
pigment from homogentisicacid , urine and
tissue from alkaptonuria patients, Bochem.
Cell. Biol,69,269-273.

26. Menter, J.M. and I. Willis 1997. Electron
transfer and photo protective properties of

melanin in  solution , Pigment Cell
Res.,10,214-217.
27. Mohagheghpour N.,N. Waleh, SJ.

Garger, L. Dousman, L.K. Grill and D. Tuse.
2000. Synthetic melanin suppresses production
of  pro-inflammatory  cytokines.  Cell
Immunol. Jan 10; 199(1):25-36

28. D. Pils, W. Michael, P. Michaela, G.
Alfred and G. Wolfgang. 2010. BAMBI is
Overexpressed in Ovarian Cancer and Co-
translocates with Smads into the Nucleus upon
TGF-B Treatment. Gynecologic. Oncology,
YGYNO-973516, pp:1- 9

29.Rahman,M.J., D.H.O.Chuquimia, D.
Petursdottir, N.  Periolo, M.  Singh and C.
Fernandez. 2011. Impact of toll-like receptor 2
deficiency on immune responses to
mycobacterial antigens. Infect
Immun. 79(11):4649-56

30. Riley, P. 1997. Melanin, Int. J. Biochem.
Cell. Biol, 29(11):1235-9

31. Shivprasad, S. and W.J. Page. 1989.
Catechol formation and melanization by Na-
dependent Azotobacter chroococ-cum: a
protective mechanism for aeroadaptation.
Appl. Environ. Micobiol, 55,1811-1817

32. Shrishailnath, S., G. Kulkarni,, V.
Yaligara, L. Kyoung and T. Karegoudar 2010.

358

Purification and physiochemical
characterization of melanin pigment from
Klebsiella spp. GSK. J. Microbiol Biotechnol.
20:1513-1520.

33. Sokol, C.L., G.M. Barton, A.G. Farr and
R.A. Medzhitov 2008. Mechanism for the
initiation of allergen-induced T helper type 2
responses. Nat. Immunol. 9(3):310-318
34.Tripuwabhrut,P.2014. Inflammatory
Response of Immune Cells and Osteoblasts in
Orthodontically Remodeling and Root
Resorption: Invitro and invivo studies. Ph. D.
Dissertation at the University of Bergen,pp:54-
56

35. Valderrama, B., P. Oliver, A. Medrano-
Soto and R. Vazquez-Duhalt, 2003.
Evolutionary and structural diversity of fungal
laccases, Antonie van Leeuwenhoek, 84,289-
299

36.Vasanthabharathi,V.,R.Lakshminara -
yanan and S. Jayalakshmi 2011. Melanin
production from marine Streptomyces, Afr. J.
Biotechnol, 10(54):11224-11234

37.Xiaojing M.A.,WenjunYan, Hua Zheng ,
D.U. Qinglin ,Y.l. Lixing Zhang, N.L.
Ban and W. Fang. 2015. Regulation of IL-10
and IL-12 production and function in
macrophages and dendritic cells. F1000 Res.;
4: F1000 Faculty Rev-1465

38. Zhou,J.Y. and D.C. Montefiori 1991.
Selective antiviral activity of synthetic soluble
L-tyrosine and L-dopa melanins against
human immunodeficiency virus in vitro.
Antiviral Res. 15(1):11-25

39. Zughaier,S.M., H.C. Ryley, and S.K.A.
Jackson 1999. Melanin pigment purified from
an epidemic strain of Burkholderia cepacia
attenuates monocyte respiratory burst activity
by scavenging superoxide anion, Infect.
Immun,67,908-913.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Menon%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persad%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haberman%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haberman%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Basu%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norfray%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Felix%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalyanaraman%20B%5BAuthor%5D&cauthor=true&cauthor_uid=1647170
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohagheghpour%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10675272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waleh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10675272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garger%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=10675272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dousman%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10675272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grill%20LK%5BAuthor%5D&cauthor=true&cauthor_uid=10675272
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tus%C3%A9%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10675272
http://www.ncbi.nlm.nih.gov/pubmed/10675272
http://www.ncbi.nlm.nih.gov/pubmed/10675272
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21844233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chuquimia%20OD%5BAuthor%5D&cauthor=true&cauthor_uid=21844233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petursdottir%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=21844233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Periolo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21844233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21844233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21844233
https://www.ncbi.nlm.nih.gov/pubmed/21844233
https://www.ncbi.nlm.nih.gov/pubmed/21844233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20X%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20W%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ban%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26918147
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4754024/

