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Report: 
 
The physiological function of neuromelanin (NM) is still unknown. It is still unclear why some human 
dopamine neurons produce an insoluble pigment within their cytoplasm and others do not. Thus, why has not 
neuromelanin been discarded by natural selection? Why does neuromelanin occur within the highest 
phylogenetic levels? There is little information regarding the fate of neuromelanin over the lifespan and little is 
known about neuromelanin’s structure (1,2) 
 Micro-speciation using synchrontron microprobe is intended to bring new information from direct analysis of 
cellular neuromelanin content, consequently avoid possible contamination from NM chemical extraction 
methods. NM is known to contain relatively high S concentration ~ 2-2.5 % sulphur (3). The sulphur 
speciation is of high value considering that uncertainty exist on wether human substantia nigra neuromelanin 
contain sulfur aminoacid deriving moieties or not? Most investigation intends to use degradative studies, 
followed by HPLC, pyrolysis-GC, and MS. Moreover it has been suggested that dopamine-Cysteine-proteins 
adducts are either phagocytosed into autophagic vesicle to generate the characteristic membrane bound 
neuromelanin granule, or that dopamine quinone are formed directly within the lysosomal vesicle and then seed 
the formation of the neuromelanin granule. This experiment try to, following phase of development of the 
pigment, help in answering whether neuromelanin is auto-oxidatively produced or synthesized under enzymic 
control 
XANES experiment at the sulfur K-edge was carried out on the undulator beamline ID21. Data were obtained 
with the scanning X-ray microscope in fluorescence mode. The beam was focused down to 0.3 x 0.3 µm2 
using a Fresnel zone-plate. 8 micron thick parrafin section of healthy human brain of increasing age starting 
from 3 years old up to 20 years old and then older patient of 74 and 94 years. Sections were mounted on 4 
micron thick Ultralene foil. The neuromelanin containing neurons were imaged offline using a high resolution 
visible microscope. The faint pigmentation of the neuron in young brain samples makes the localization of the 
neurons challenging. 16 sulfur compounds were used as reference materials: glutathione (oxidized and reduced 
form), cysteine, methyl cysteine, N-acetyl cysteine, cystine, methionine, lipoic acid, lipoic acid reduced, 
methionine methyl sulfonium chloride, S-adenosyl L-methionine chloride, L-cysteine sulfinic acid, methionine 
sulphoxide, methionine sulfone, cysteic acid, calcium sulphate. In order to avoid photo reduction effect we 
experienced during the experiment, we determine the acquisition time necessary to avoid it using fast 
acquisition of  XANES spectra (100 ms per point). The resultant sum spectrum was thus obtained from 15-20 
points in NM of various neurons.  



Figure 1 :X-ray absoprtion spectroscopy at the sulphur K-edge of neuromelanin contained in 
doapminergic neuron. Brain section from the substantia nigra of  a patient 94 years old. 
Spectra is compared to some reference compounds used in this study. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results shows that S present in NM is in the form of cysteine and/or methionine, methionine sulfoxide, and 
sulfonated cysteine. We performed least-square fitting linear combinations of standard spectra in order to 
estimate the % and their variation following the pigment development. The results give indication on the 
importance of sulphur in the pigment formation and it open exciting perspective on the importance of sulphur 
speciation of NM in neurodegenerative case like Parkinson diseases, Alzheimer, and possibly some difference 
that could be founds.This also give a basis on S speciation in NM, and it will particularly relevant to perform 
on diseases samples mapping of NM within neuron at the 3 differents energy features revealed by this work. 
These results are under preparation for publication. 
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