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Melanosomes [1] are organelles that contain melanin and fulfill important biochemical tasks in
their host cells. Variations in melanosome structure and function are also associated with multiple
diseases, including several forms of albinism, cancer, and eye disease. Melanosomes have been the
subject of numerous microscopy studies aiming to provide insights into their roles in health and
disease. Data from each of these approaches have led to new insights into aspects of melanosome
ultrastructure that had previously been impervious to enquiry. The exceptional electron density
of melanin, however, has been an obstacle in probing the organelles’ ultrastructure by traditional
approaches such as transmission electron microscopy.
Here, we utilize SAXS in combination with STXM to study iridial melanosomes from inbred strains
of mice and report genotype-specific differences in their granularity and surface morphology. A
structural change of the organelles could point towards a disturbed encapsulation of cytotoxic sub-
stances, triggering the development of diseases of pigmented tissue. Though isolated melanin has
already been studied by SAXS, to our knowledge the experiments presented here are the first to
provide structures of whole, vitrified and hence physiologically intact melanosomes.
The experiment was carried out at the GINIX instrument of the P10 beamline in collaboration
with T. Salditt and M. Sprung. Photons with an energy of E = 7.9 keV were focussed to a spot
measuring 400 nm and 200 nm in horizontal and vertical direction, respectively. Fields of vitri-
fied C57BL/6J (B6) and DBA/2J (D2) melanosome samples were imaged by optical microscopy
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Figure 1: Melanosomes of the genotypes C57BL/6J (B6) and DBA/2J (D2) – embedded in an amorphous ice
matrix – are shown in tiles (A,B) and (C,D), respectively. (B, D) The optical micrographs, recorded at 100K,
are superimposed with STXM maps. Note that despite a comparable melanosome density, the STXM images
feature significant differences in signal intensity as well as the spatial distribution of that signal, revealing
structural differences between the melanosomes of the two genotypes.



and STXM, under cryogenic conditions (Fig. 1). Both datasets were correlated to identify single
melanosomes. Even though optical micrographs showed that the two were of similar melanosome
density, the STXM maps of B6 organelles featured a sparse scattering intensity compared to those
of the D2 melanosomes. This effect is illustrated quantitatively in Fig. 2A. The histograms represent
the normalized intensity distributions within the darkfield STXM maps shown in Fig. 1. Notably,
the intensity of the signal in the B6 STXM map is lower than that in the D2 map. Moreover, the
distributions of intensity in the two samples are of significantly different width. Whereas the dis-
tribution is rather broad in the case of the D2 organelles, it is almost binary in the case of the B6
melanosomes, with scatter at a particular signal intensity either occurring or not.
Analysis of 13 accumulated, background-corrected scattering events (Fig. 2B and C) of individual
melanosomes indicated that B6 organelles exhibit anisotropic scattering patterns whereas their D2
counterparts have comparatively isotropic scattering. In interpreting results, it is important to keep
in mind that the focal spot used in this experiment is smaller than a single melanosome. When the
central part of an object without any, or with only little, internal structure is probed by an X-ray
beam that is smaller than the object, only few photons are deflected from the optical axis. Hence,
the darkfield intensity is low. When the beam impinges on the edge of a smooth object, however, the
photons are scattered perpendicularly. In such a case, the darkfield signal is high and the scattering
pattern shows streaks rather than isotropic intensity distributions. In contrast, objects that have a
rough surface and granular internal structures will show high scattering intensities with an isotropic
distribution. These two outcomes are mirrored by Fig. 2.
Together with results from the BioSAXS P12 beamline (in collaboration with V. Haramus), where
scattering from suspended melanosomes was modeled with a fractal theory for aggregates [2], one
can draw the following conclusions. B6 melanosomes have smooth surfaces and consist of densely
packed 40-nm building blocks. D2 melanosomes, in contrast, feature a rough surface and are rather
granular aggregates of 60-nm small subunits [3].
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Figure 2: (A) Normalized intensity histograms derived from darkfield STXM maps as shown in Fig. 1. The
intensity of scatter for the D2 melanosomes is higher and has a broader distribution, than that for the B6
sample. (B) Sum of 13 background-corrected scattering events, i.e. hits, for a B6 sample. The scattering
pattern is anisotropic. (C) Sum of 13 background-corrected hits for a D2 sample. The scattering pattern is
isotropic. In (B) and (C), intensity is color-coded on a logarithmic scale.
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