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Abstract

Backgrounds and Objetives

Fumelanin consists of one group of monomer indoles ( DHI-Eumela-
nin and DHICA-Eumelanin ) connecting  through covalent bonds and
highlv polvmerized with quinones and proteins while formed a kind of
heterogeneous copolymers. Two kev indole precursors, DHI and DHICA ,
cross-linked in various proportion, copolymerize to build a m-stacked
lavered macromolecular network system. Mutiple proteins participate n
melanogenesis to regulate the quality and quantity of melanin. Among
them . tvrosinase is the kev enzyme required for melanin production,
which catalvzes the hyvdroxylation of L-tyrosine to L-Dopa and the oxida-
tion of L-Dopa to L-Dopaquninone. Det is another eritical enzyme in the
melanogenesis pathway that isomerizes dopachrome to dihyvdroxy indole
carboxvlic acid ( DHICA ). However, DHICA could not auto-polymer-
ize, onlyv in the presence of DHI and Tyr can it incorporate into melanin
polymer, otherwise dopachrome will be rapidly decarboxvlated to DHI
accompanied with mass ROS, It has been revealed that the three melano-
genic proteins ( Tyr, Tyvrpl and Det) compose a multi-enzyme complex
in melanosomes in order to raise the efficiency of melanogenesis, main-
tain the proteins stability and reduce the evtotoxicity of intermediate pro-
ducts maximatily.

[n the multienzyme complex, Det is deemed to be a kind of in-situ
real-time scavenger, which can immediately scavenge ROS induced by
intermediate products, and dynamically change the rate of melanogenesis
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and biopolymerization of indole molecules by modulating the proportion
of DHI/DHICA to improve the protection capability of melanocytes
against UVR | and finally increase melanogenesis of <kin. Furthermore |
in the process of melanin biochemical reaction, the nearlv-closed struc-
tures inside the melanosomes are considered as a protection strategy of
melanocyte to minimize the cytotosicity of precursors. Melanosomal pro-
leins are very likely to be embedded in the core of cach entity in melano-
somes , and eumelanin then functions as a <hield 1o protect the entrapped
proteins from potential oxidative insults. Meanwhile | melanocvies also
provide with powerful enzyvme and non-enzvme anti-ovidative  defense
mechanisms ( such as glutathione peroxidase . catalase and Fenton reac-
tion and so on) to immediately scavenge ROS induced by intermediate
pro-ducts and therein protect themselves. However, we still know little
about how melanosomal proteins teract with melanin polymers and how
melanosomal proteins are protected from oxidative stress damage even
under the conditions of high and or continuously oxidative stress for
maintaining mechanism of immune hy poresponsivencss,

[tis well documented that unusual accumulation of H, O, is present
in the epidermis of active vitiligo, even up o micromolar level. In the
skin lesions and/or serum of progressive vitilico patients, multiple auto-
antibodies to- melanosomal proteins and  expression abnormalities of T
lymphocyte are both detected. The functional disorder or missing of mel-
anocyles is regarded as a consequence ol an immune response mediated
by sell-responsive T cells or auto-antibodies against melanosomal pro-
teins. Up to now, how functional dysregulation and molecular injury for
Det gene of melanocytes in vitiligo oceur, how the crvplic epitopes of en-
trapped melanosomal proteins are recognized by immune svstem and how
imumune tolerance of melanosomal proteins is hroken remain unclear.
I,alt'|_\-' . researches discovered that, under certain concentration of h_\'(h'n-
gen peroxide (H,0,) | thyroglobulin may crack and generate polypeptide
with immunoreactivity, which may be identified by antithyroglobulin an-
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Abstract

tibodies in serum of Hashimoto™ s thyroiditis. Therefore, we assume that
the imitial causes inducing immune destruction of melanocyte are (1)
There are some defects vitiligo melanocytes for eliminating intermediate
products of melanogenesis and reactive oxvgen species, the latter of
which Cespecially H,0,) may intensively attack melanin polymer, resul-
ting in oxidative fissure of the indole unit within to expose eryptic
epitopes to the immune svstemi; (2) Melanosomal protein fragments
bound to indole molecules cleave to polvpeptides, which are oxidative
modificated | if not eliminated instantly | to haptens with high immunoge-
nicity; (3 The disruption of DHICA/DHI indole units due to Dopach-
rome laulomerase ( Det ) inactivation diminishes their anti-oxidation ,
even showing a pro-oxidant behavior.

However, in vivo researches on early upstream events that Det me-
diating oxidative stress changes influenced the immunogenicity of mela-
nosomal proteins were hampered | partially due to the multienzyme com-
plex structure inside melanosome constituted by Det elose combining with
other melanogenesis proteins. In this study, melanosomal proteins at dif-
ferent stages from Det=-mutant salty MCs  ( amino  acid  substitution
(RI940( Argl94 - Gln) ) that occurred spontaneously in the first metal-
binding domain of the Det protein) and wild-type melan-a MCs were pu-
rified with a sucrose gradient centrifugation, and immunized the hind
footpad and the base of the tail of each mouse. To further elucidate the
molecular mechanism of loss of immune tolerance toward autoantigens in
the melanosome membranes and explore the early upstream initiating
event involved in the autoimmune response to melanosomal proteins, in
vivo assay was performed to determine the immunogenicity of melanosom-
al proteins derived from these two kinds of melanocyle under different ox-

idative stress,
Methods and Results

1) Measurement of melanogenic proteases activities and ROS levels

3
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in Det mutant slaty MCs and wildtvpe melan-a MCs Tyrosinase , mainly
as dopa oxidase, Det and catalase activities in Det mutant slaty MCs and
wildtype melan-a MCs were measured with a spectrophotometry.  The
melanocytes were incubated with 100 pmol/ L H. O, and the level of in-
tracellular ROS was monitored by 2. 7-dichlorofluorescin - diacetate
( H2DCF-DA) labeling. The results showed that the Det activity of slaty
MCs was significantly lower than that of melan-a MCs | but there was no
statistically significant difference in the activity of tyrosinase and catalase
in these two groups of MCs (P >0.05). The analvsis results of intra-
cellular ROS level showed that the relative fluorescence intensity of slaty
MCs and melan-a MCs before being treated with H, 0. was 6. 33 =0. 17
and 5.42 0. 14, respectively. However, the relative fluorescence in-
tensity of slaty MCs heing treated with H, O, inereased abruptly to 18. 29 +
0. 54 and there was a statistically significant difference (P <0.05) com-
paring to that of melan-a MCs (9. 14 0. 28 ).

2) Observation of ultrastructure and protein expression of sucrose
density gradient ultracentruifugation purfied melanosomes in Det mutant
slaty MCs and wildtype melan-a MCs The cells were harvested with
0.25% trypsin/0. 02% EDTA and then homogenized on ice using 20
stokes of a Dounce glass-glass homogenizer. Melano- somes in the cellu-
lar homogenate were isolated with a sucrose density-gradient ultracentrif-
ugation, the density gradients of sucrose werey 1O, 1.2 1.4, 1.5,
1.6, 1.8 and 2.0 mol/L., respectively. Sucrose interfaces between the
1.0 mol/Lto 1.2 mol/L and the 1. 6 mol/ 1. 1o 1. 8 mol/ L. were collected
for a transmission electron microscopy ( TEM ) observation 1o examine
the development and maturation of melanosomes. The protease activity of
this family of three tyrosinases and their protein expression levels were
assayed by spectrometry and Western Blot. The results showed that the
color of homogenated cell ageregates of these two MCs was brown and
milk yellow, respectively.  lsolated by sucrose gradient ultracentrifuga-
tion, melanosomes were localized at various lavers ol the gradient. The
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