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Study of the impact of ion beam analysis on the molecular preservation of mummy hair by a proteomic approach

Head of chilean mummy

In archaeometry, analysis of biomaterials such as bones, teeth or hair gives us precious clues to go into History of civilizations. When studying human remains from Heritage, hair is a very interesting biomaterial since it helps to answer many questions while preserving the integrity of the studied remains. Hair is indeed a very robust material that can be preserved throughout centuries and constitutes a powerful biological and environmental indicator. Hair is used in toxicological and environmental studies since it can incorporate toxic elements during its growth.

Analytical techniques based upon ionizing radiation are widely employed in the study of heritage materials especially because they are considered as non-destructive. But the highly focused ionizing beams used for imaging can induce modifications in the most sensitive materials, notably the organic ones. The objective of this work is to determine the impact of this analytical technique at the macroscopic and molecular levels on hair from mummies weakened by alteration. In previous work, markers of degradation of proteins of these ancient capillary fibers have indeed been highlighted.

As part of a project on the characterization of mummy hair, elemental analyses by particle-induced X-ray emission (PIXE) were carried out using the AGLAE accelerator from the C2RMF. The aim was to detect traces of metals such as Fe, Pb, Hg or As that could be correlated to mummification rituals or to a specific environment.

[1] Fresnais and al.( 2017), OMICS A Journal of Integrative Biology, 21,361-370.

[2] PTMs (Post-translational modifications): Modifications occurring on proteins after their production by the organism.

Conclusion

The study of specific PTMS such as deamidation of asparagines and glutamines allowed for the first time to show the influence of the initial molecular state of preservation on the resistance of samples to irradiation. For both modern and ancient hair, molecular modifications have been highlighted and radiationinduced degradation markers are suggested. 

PIXE analysis Proteomic approach

Hair (modern and ancient) were analysed by PIXE using an irradiation with 3-MeV protons at a fluence of 1x10 15 to 2x10 15 protons/cm 2 required for trace element mapping. The implementation of such analyzes allows to achieve high performance in terms of sensitivity (1 ppm), spatial resolution (20 µm) and accuracy (< 5%). This elemental analysis showed the presence of major elements of hair, elements of exogenous contribution (soil minerals in which mummies are preserved such as Cl ) and heavy metals (Fe, As, Pb, Mn).
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Modifications were characterized following a proteomic "bottom-up" approach specifically dedicated to the study of hair from mummies [1]. This protocol led to the identification of ancient hair keratins (from only 500 μg of raw material) with high scores and recovery rates above 80% and to their characterization using the study of PTMs (Post-Translational modifications [2]). The molecular composition and in particular the study of the PTMs of the "yellowed" zones which appeared after irradiation were compared with those obtained before irradiation.

Modern hair

Ancient hair PIXE mapping showing the distribution of arsenic in mummy hair.

Within a few minutes, the irreversible yellowing of the capillary fibers in the irradiated area is observed. What are the molecular modifications responsible for this macroscopic modification?

Alteration markers

For modern hair, protein composition are similar before and after irradiation. An increase in the number of modified peptides is however observed.

For hair from mummy, results vary depending on the preservation state of the fiber. In fact, the impact of irradiation on the number of identified proteins increases with its degradation.

For ancient hair, after irradiation, the number of proteins identified is significantly lower and the recovery rates are only 20%.

The increase of % modified peptides is important and the distribution of PTMs is clearly different after irradiation.