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Recovering bone and tooth proteins in arid environments using palacoproteomics

A case study in the Late Stone Age site of Toteng, Botswana

L matériaux
7 andens @ Louise LE MEILLOUR***, Séverine ZIraH", Joséphine LEsur?, Matthieu LEBON®, David PLEURDEAU® & Antoine ZAzzo* 11§f§;qujes
. ,.*.“.ede[:rance national lle de France
o o * Unit€ Archéozoologie, Archéobotanique : Sociétés, Pratiques et Environnements (AASPE), MNHN, CNRS, Paris, France. e
° °* 8% ® Unité Molécules de Communication et Adaptations des Microorganismes (MCAM), MNHN, CNRS, Paris, France HN A
TR S E;I%SURELLES ¢ Unité Histoire naturelle de I’Homme Préhistorique (HNHP), MNHN, CNRS, Paris, France H P Fveorae
* llemeillour@mnhn.fr
The advent of herding practices remains a key event In Africa, the absence of wild ancestors’ remains of domestic caprines indicates an exogenous
in human societies in terms of social, cultural, | origin of domestic sheep and goat. Archaeological evidences suggest that they were introduced in
economical changes and regarding their interactions the Northern part of the continent by the 7™ millenium BCE, but only arrived in the Southern part
with animals. by the 2™ century BCE. Moreover, the morphological similarities existing between the two species
In Africa, no remain of wild ancestors species of sheep among them, and with other small wild bovids like antelopes combined with the large amount of
Ovis aries nor goat Capra hircus has never been reported. highly fragmented remains due to arid environnemental conditions have substantially limited the
This suggests that those domestic species have been use of classical comparative anatomy analyses.

introduced from the epicentre of their domestication : the

Near Eastl!!,
The first occurences of those animals remains 1n the

archaeological record are attested since the 7™ millenium BCE in
Egypt and Lybial?!.

We report here the use of a promising method, palacoproteomics, on degraded bone and tooth
splinters from the Late Stone Age site of Toteng, Botswana. This study 1s among the first to focuse
on African archaeological remains, strongly degraded by arid burying conditions and diagenesis.
The purpose of our work 1s to both document the presence of domestic caprines at this site, but also
to develop a new methodology adapted to archaeological remains from arid environments.

But their appearance in the Southern part of the continent is only
dated to the 2™ century BCE [3].

The modalities of their diffusion accross the continent in such large
amount of time 1s still debated : cultural diffusion

. . L BEST SUITED PROTOCOL FOR REMAINS FROM ARID
(percolation) or population migrations; Eastern or

Western route? ENVIRONMENTS
- Reg}:lrdmg bthe str]i:)ng eV1d§nSces hof :;(t.ant Ab Stra All 18 Toteng remains presented contrasted organic phase
... CRCTAnees etvcvleen aSterﬁl a;ll Oﬁlt cin Altica, Ct preservation. Nine out of the 18 were selected for
Wakarida A- o .
G an 1y ST DIOPIOSE 10 ocumept ! © POl palacoproteomics analyses regarding a range of
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. . Q“Q collagen content.
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B methodological developments of 5 A collagen content threshold of ~ 3 wt% . N
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Similarities between the C aprines a Fig. 5: Number of assigned peptides using available databases per sample and per decalcification protocol

used. Preserved collagen content (coll. wt%) are presented above each sample.

species and with other small wild o ; ; .
P Within the nine tested remains for palaeoproteomics

bovids, emphasized by the African burying The presence of domestic sheep Ovis aries at the analyses, four yielded preserved peptides that were
fzond1t1ons, the d1§t1n0t1on of archacological remains Late Stone Age site of Toteng, Botswana, is aSSigned,to proteins using available databases (Fig. 5)

o not. always possible. . : confirmed based on preserved proteins Identified remaining proteins were ol and a2 chains of
We aimed to use a novel biomolecular method for species s P

z@ from one of the degraded splinters. collagen type I . Tris-EDTA buttfer allowed the best protein

determination of archaeological material:
sequence coverage.

palaeoproteomics (Fig. 2).
Based on the amino acid variations on preserved proteins, this

.. o . SPECIES IDENTIFICATION BASED ON PROTEIN
method allow species identification of remains where DNA
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might not be conserved, due to increased diagenetic processes M Ater: Me,‘\oo@ CHARACTERISATION
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Fig. 2: General principle of palaeproteomics analyses on archaeological material and ZooarChanI()gical analyses unraveled the presence Of domeStiC Sheep oy AGEHG‘P%%%T;’P‘AGEE
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In order to estimate the organic content of Because no chemical preparation protocol was never adapted to remains Fig. 6: MS/MS spectra of family and species markers of alpha 1 chain of collagen type I preserved in
. . . . 5 D Toteng samples and identified in this study.
Toteng remains, 0.5 mg of powdered from arid environments, we aimed at identifying one that allow the best
sample were applied on the diamond of a / rotein sequence coverage and permits species identifications (Fig. 4). : ..
P ep / s . 2 . . (Fig. 4) A1 chain of collagen type I allowed the refining of

Attenuated Total Reflectance Fourier
transform infra-red spectrometer. Anvil

Once proteins were properly extracted and enzymatic hydrolysis

succeeded, we performed high performance liquid chromatography species identification. One remain presented the

pressure was adjusted to normalise v PO, i i coupled to tandem mass spectrometry analyses for characterization™. suildae marker (Fig. 6, top left), two other the
band to an absorbance of 0.5 (Fig. 3). I\ \ N ; T 0 equidae marker (top right) and one remain was
The ratio between amide I and PO, bands : be(;V)VeDe“ nd 10 attributed to the domestic caprine species, Ovis
g : : ecalcification .
area is then used to estimate nitrogen and N 3 decalcification agents tested W W W @ aries (bottom center)'®..
collagen weight percent content (% wt) orange: Tris-EDTA (0.05 M & 0.5 M, :
. . L pH 7.4) All the al chain of collagen type I markers
according to a method described by s il s TG0l 1 ih din the Ii
Lebon and Collaborators[9] - Fig. 3: ATR FT-IR spectrum of a modern bone reference (B. (3) Solubilisation (3) (4) presen.te cIc were .nev.er reI.) O.rte . I 11 IRt
taurus). Areas used for organic content preservation NH,HCO, 50 mM B and will allow species i1dentification based on the
estimation appear in grey. Enzymatic hydrolysis miz . . .
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Fig. 4: Flow chart of palaeoproteomics protocol conducted in this study
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