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Approches physico-chimiques pour la caractérisation des matières organiques en archéométrie et sciences de la conservation : un état de la question



What is palaeoproteomic?
From gene to protein

COL1A1 gene
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What is palaeoproteomic?
From gene to protein

COL1A1 gene mRNA
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What is palaeoproteomic?
From gene to protein

Proline P

Glycine G

Lysine K

Asparagine N

COL1A1 gene mRNA

845 GPSGEPGTAGPPGTPGPQGLLGAPGFLGLPGSR 877

845 GPSGEPGTAGPPGTPGPQGFLGPPGFLGLPGSR 877
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Collagen: structure, function

Bella, J Biochem (2016)

X 3

N ter

C ter
procollagen

Mature collagen assembled in fibrils (MET)

Journée thématique du réseau CAI-RN – 22 novembre 2019



Palaeoproteomics
Protein characterization

Archaeological remains

Choice
Permits

Sampling
Organic phase preservation (ATR-FTIR)
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Palaeoproteomics
Protein characterization

Archaeological remains

Choice
Permits

Sampling
Organic phase preservation (ATR-FTIR)

Lebon et al. 2016; Le Meillour et al. 2018Journée thématique du réseau CAI-RN – 22 novembre 2019

% collagène = !!",!" $%&'( )*+!
+ 1,69

limit for analyses (14C & palaeoproteomics): ~ 4 ± 1.2%wt coll.



Palaeoproteomics
Protein characterization

Archaeological remains

Chemical extraction
Decalcification
Solubilization

Enzymatic hydrolysis
Solid phase extraction

Choice
Permits

Sampling
Organic phase preservation (ATR-FTIR)
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ammonium bicarbonate 
NH4HCO3

Trypsine, Lys-C, Asp-N, etc. 

C18 cartridges

Tris-EDTA



Palaeoproteomics
Protein characterization

Archaeological remains

Chemical extraction

Protein(s) characterization

Decalcification
Solubilization

Solid phase extraction
Enzymatic hydrolysis

Liquid chromatography coupled to tandem 
mass spectrometry

Bio-informatics

Choice
Permits

Sampling
Organic phase preservation (ATR-FTIR)
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LC-MS/MS raw data international database and/or 
‘in-house’ references



Palaeoproteomics
A large range of applications to archaeological problematics

Presslee et al. 2019

Extant and extinct taxa of Folivora group shed new light on phylogenetic history of the clade

• Phylogenetic reconstruction

• Species identification

• Sex determination

• Origin of hominin genetic pool

• Palaeopathologies characterization

• Residue analyses
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Palaeoproteomics
A large range of applications to archaeological problematics

Lugli et al. 2019

Re-evaluation of the two ‘Modena lovers’ using enamel X and Y dimorphism

• Phylogenetic reconstruction

• Species identification

• Sex determination

• Origin of hominin genetic pool

• Palaeopathologies characterization

• Residue analyses
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Palaeoproteomics
A large range of applications to archaeological problematics

Welker 2018; Welker et al. 2016

• Phylogenetic reconstruction

• Species identification

• Sex determination

• Origin of hominin genetic pool

• Palaeopathologies characterization

• Residue analyses

Identifying Neandertals’ remains using collagen fingerprinting
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Palaeoproteomics
A large range of applications to archaeological problematics

Shaw et al. 2019

Identification of keratins, collagen and alpha casein 
peptides from 4000 y. old vessel

• Phylogenetic reconstruction

• Species identification

• Sex determination

• Origin of hominin genetic pool

• Palaeopathologies characterization

• Residue analyses
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Palaeoproteomics
A large range of applications to archaeological problematics

Shaw et al. 2019

Protein sequestosome or p-62 involved in Paget’s disease

• Phylogenetic reconstruction

• Species identification

• Sex determination

• Origin of hominin genetic pool

• Palaeopathologies characterization

• Residue analyses
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Palaeoproteomics
A large range of applications to archaeological problematics

Le Meillour et al. 2018

• Phylogenetic reconstruction

• Species identification

• Sex determination

• Origin of hominin genetic pool

• Palaeopathologies characterization

• Residue analyses
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Species identification of splinters based on collagen sequences



Caprines

Ovis aries Capra hircus

Introduction and diffusion of domestic caprines in Africa
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Klein & Scott 1986; Vermeersch et al. 1994; Gautier 2001; Close 2002; 
Kindermann et al. 2006; Churcher et al. 2008; Lesur 2017 

Caprines

Ovis aries Capra hircus

Key species:
economy, societies

introduction from the Near East at the 
end of 7th millenium BCE

Introduction and diffusion of domestic caprines in Africa
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Introduction and diffusion of domestic caprines in Africa

Fauvelle-Aymar & Sadr 2008; Sadr 2014

Caprines

Ovis aries Capra hircus

Diffusion of caprines herding to Southern Africa?

- Percolation or population migration?

- Eastern or Western route?

VIIth millenium BCE

IVth century BCE
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Caprines

Ovis aries Capra hircus

After Gifford-Gonzalez 2000; Lesur 2017 

- environmental and ecological constraints

Links between Eastern and Southern Africa

Glossina morsitans

Introduction and diffusion of domestic caprines in Africa

- environmental and ecological constraints
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Caprines

Ovis aries Capra hircus

- environmental and ecological constraints

Links between Eastern and Southern Africa

Introduction and diffusion of domestic caprines in Africa

- linguistic

- environmental and ecological constraints

Bahuchet in Fauvelle (dir.), 2018 (:563)Journée thématique du réseau CAI-RN – 22 novembre 2019



Caprines

Ovis aries Capra hircus

- environmental and ecological constraints

Links between Eastern and Southern Africa

Introduction and diffusion of domestic caprines in Africa

- linguistic

- environmental and ecological constraints

- populations genetics

Lactase persistance allele

Breton et al. 2014Journée thématique du réseau CAI-RN – 22 novembre 2019



Caprines

Ovis aries Capra hircus

- environmental and ecological constraints

Links between Eastern and Southern Africa

Introduction and diffusion of domestic caprines in Africa

- linguistic

- environmental and ecological constraints

- populations genetics

Lactase persistance allele
- caprines breeds

Fat-tailed breeds

Damara

Adal

Namibia

Ethiopia
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Introduction and diffusion of domestic caprines in southern Africa

Documenting first herding practices in southern Africa

direct dating of first domesticated animals
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Introduction and diffusion of domestic caprines in southern Africa

Documenting first herding practices in southern Africa

clear identification of archaeological material

direct dating of first domesticated animals
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Introduction and diffusion of domestic caprines in southern Africa

Documenting first herding practices in southern Africa

clear identification of archaeological material

direct dating of first domesticated animals

Horsburgh, Moreno-Mayar & Klein 2017

Blydefontein, South Africa
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Toteng – Botswana
© L. Le Meillour• Bones and teeth fragmentation

• Diagenesis

Like two peas in a pod: the issue of identification

2 cm

2 cm

Goats, Djibouti

© A. Zazzo

Sheep, Namibia

© F. Détroit
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Toteng – Botswana
© L. Le Meillour

O
. o

re
ot

ra
gu

s

C. nubiana

G. soemmeringi

A. nasomaculatus

R. redunca

© A. Zazzo

© F. Détroit

A. marsupialis

• Bones and teeth fragmentation
• Diagenesis

Like two peas in a pod: the issue of identification

Goats, Djibouti Sheep, Namibia

2 cm

2 cm
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Leopard Cave: early herding in Namibia?

100 km

Windhoek

LEOPARD CAVE

Namibia

Pleurdeau et al. 2012Journée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: early herding in Namibia?

100 km

Windhoek

LEOPARD CAVE

Namibia

Rock art Lithic industry Artefacts
Bone points, ostrich eggshell beads

Pleurdeau et al. 2012Journée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: early herding in Namibia?

5 cm

M3 inf. R.

5 cm

M2 sup. R.

5 cm

½ mandible R.

25 small bovids remains

Pleurdeau et al. 2012Journée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: early herding in Namibia?

5 cm

M3 inf. R.

5 cm

M2 sup. R.

5 cm

½ mandible R.

25 small bovids remains

2 teeth directly dated to 4th and 3rd 

century BCE
OLDEST REMAINS OF DOMESTICATES IN

SOUTHERN AFRICA

Pleurdeau et al. 2012Journée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: early herding in Namibia?

5 cm

M3 inf. R.

5 cm

M2 sup. R.

5 cm

½ mandible R.

O. aries C. hircus

+ 25 or

Species preferential exploitation by early herders?

palaeoproteomics

radiocarbon dating
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O. aries breed
Namibia (Brandberg)

C. hircus breed
Namibia (Brandberg)

Exploring wild antelopes markers

A. marsupialis A. melampus

propose new de novo
reconstructed sequences of type I 

collagen

+ type I collagen sequences of bovids available
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Exploring wild antelopes markers

A. marsupialis A. melampus

Proteomics

1064 ... SGDRGETGPAGPAGPIGPVGAR ... 1085

     ... SGDRGETGPPGPAGPIGPVGAR ... 

Alpha 1 chain of collagen type I

O. aries C. hircus

A. melampus

A. marsupialis

Alpha 2 chain of collagen type I

O. aries C. hircus A. melampus

A. marsupialis

590 ... GPPGESGAAGPTGPIGSR ... 607

    ... GPPGESGAAGPAGPIGSR ... 

O. aries C. hircus A. melampus

A. marsupialis

692 ... GEAGPAGPAGPAGPR ... 706

    ... GEAGAAGPAGPAGPR ... 

O. aries C. hircus A. melampus

A. marsupialis

743 ... GENGPVGPTGPVGAAGPSGPNGPPGPAGSR ... 775

    ... GENGPVGPTGPAGAAGPSGPNGPPGPAGSR ... 
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Exploring wild antelopes markers

Proteomics

Le Meillour et al. 2018; Buckley et al. 2009,2010; Le Meillour et al almost submitted
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Leopard Cave: ‘Of sheep and men’?

28 remains

5 cm

M3 inf. R.

5 cm

M2 sup. R.

5 cm

½ mandible R.

Le Meillour et al. almost submitted

+ 1 bone 24

Journée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: ‘Of sheep and men’?

28 remains

5 cm

M3 inf. R.

5 cm

M2 sup. R.

5 cm

½ mandible R.

A. marsupialis

+ 1 bone 24

Le Meillour et al. almost submittedJournée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: ‘Of sheep and men’?

28 remains

5 cm

M3 inf. R.

5 cm

M2 sup. R.

5 cm

½ mandible R.

A. marsupialis

24+ 1 bone

© F. Détroit

O. aries
Le Meillour et al. almost submittedJournée thématique du réseau CAI-RN – 22 novembre 2019



Leopard Cave: ‘Of sheep and men’?

9 
 

LE SITE DE LEOPARD CAVE 
Le site de Leopard Cave est situé dans le nord-ouest du massif de l’Erongo (S 21°34’22’’ ; 

E 15°33’18’’), dans la région d’Omaruru, sur les terres de la ferme d’Omandumba West. Il se situe à 
environ 5 km au SSW de la ferme, et à 1,7 km au Sud du site de Fackelträger, fouillé par Wendt dans 
les années 1960. La cavité (Fig. 3), abri sous roche d’environ 60 mètres carré (env. 8 mètres de côté), 
s’ouvre à une altitude de 1256 mètres dans une formation granitique crétacée qui forme, en cet 
endroit, un éperon montagneux de forme triangulaire d’environ 1 à 2 km de côtés et qui culmine à 
1381 mètres d’altitude. L’abri s’ouvre plein Nord, faisant face aux massifs culminants de l’Erongo. 

 

Figure 3 : Vue du site de Leopard Cave 

 

DECOUVERTE DU SITE 

Ce gisement a été découvert en 2006, lors d’une mission de prospection pédestre dans la zone. Le 
sondage effectué lors de cette mission avait permis d’évaluer, d’une part, l’épaisseur sédimentaire 
(>1,5 m) et, d’autre part, la richesse archéologique du remplissage (Fig. 4). 

La majeure partie des artefacts issus de ce sondage était issu de la partie inférieure du carottage. 
À la base du carottage, une pointe Levallois en basalte, à la morphologie et aux caractéristiques 
techniques comparables à celles obtenues pas les méthodes organisées de débitage du Middle Stone 
Age, laissait préjuger du caractère ancien de l’occupation à ce niveau. 

Par ailleurs, en avant de la grotte, sur un périmètre d’environ 100 mètres carrés, des centaines 
d’artefacts, principalement en roches volcaniques, tapissent la surface. Ces restes anthropiques, très 
localisés, laissaient également penser à une extension des occupations visibles dans la grotte.  
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Bronk Ramsey 2017; Hogg et al. 2013; Le Meillour et al. almost submitted

LEOPARD CAVE

What implication for early herding in southern Africa? 
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End of the story?

- palaeoproteomics can be applicable even in constraint environments and splinters

- ‘Beware the antelopes’!

- the case of Leopard Cave opens new interrogations regarding remains identifications
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