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ü technical innovations in
instrumentation

ü enhanced analytical protocols
ü criteria for sample selection
ü advanced computational 

approaches 

Cappellini et al. 2018

Ancient DNA Ancient proteins Ancient lipids

Advances in ancient  biomolecules research



• A chain of amino acids makes a protein 

• The long chain folds around in on itself to 
create a shape

• This shape governs its function 
• A group of proteins is called a proteome
• “Proteomics”: mass spectrometric analysis  

of proteins  

Proteins

Source: PDB



Palaeoproteomics :  Ancient Protein Analysis 

Cappellini, Collins, & Gilbert (2014) Science 343 (6177): 1320–22
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Protein Analysis Techniques & Technology 

Antibody methods 

• Based on epitope binding
• Targeting single proteins of 

interest
• Detects presence or absence
• Cheap 

• Based on the detection of 
distinctive masses 

• Generates peptide 
sequence information

• Expensive 

Mass Spectrometry 



2.1. ZooMS & collagen peptide mass fingerprinting (MALDI-TOF MS)

Zooarchaeology by Mass Spectrometry (ZooMS) was introduced
as a simple method to taxonomically identify collagen type I (COL1)
rich tissues (Buckley et al., 2009). ZooMS uses matrix-assisted laser
desorption/ionization time-of-flight mass-spectrometry (MALDI-
TOF MS) to measure the mass to charge ratio (m/z) of trypsin-
digested COL1. ZooMS is thereby not suited to study tissues
where no COL1 is present, or only in low abundance, such as
enamel, horn, or hair. COL1, composed of two collagen type I alpha-
1 chains (COL1a1) and one collagen type I alpha-2 chain (COL1a2)
that wind around each other to form a triple helix, is the dominant
protein in tissues such as skin (and its derivatives leather and
parchment), bone, dentine and antler. MALDI-TOF MS analysis of a
sample results in a single spectrum in which the m/z of individual
peptides is measured. The mass of a homologous peptide sequence
might differ if one, two, or more SAPs occur within the sequence in
different species or genera. The mass-to-charge ratio of a selected
subset of these peptides, termed peptide markers, is then used to
taxonomically identify the sample. Such identifications are typi-
cally at the family or sub-family level. In this sense, ZooMS is a
taxonomic classification tool.

Collagen peptide mass fingerprinting has been adopted with the
particular aim to identify novel hominin specimens among the
fragmentary, morphologically unidentified bone specimens that
dominate Palaeolithic bone assemblages. Recent studies include
hundreds to thousands of morphologically unidentified bone
specimens (Brown et al., 2016; Buckley et al., 2017; Welker et al.,
2017b). Several studies have report success with this approach by
identifying hominin specimens broadly associated with the Middle
to Upper Palaeolithic transition (Welker et al., 2016; Devi!ese et al.,
2017), an additional Neanderthal from Denisova Cave (Brown et al.,
2016), or human specimens related to the Mesolithic-Neolithic
transition (Charlton et al., 2016). Elsewhere, ZooMS has identified
human remains as the unintentional byproduct of sampling bone
specimens for another purpose (Evans et al., 2016). These newly
discovered hominins are subsequently available for other destruc-
tive biomolecular methods as they have no morphological value.
Studies commonly combine direct radiocarbon dating, stable iso-
topes, ancient DNA, and shotgun proteomic analysis, not just on the
newly identified hominin specimens but also on fauna specimens

simultaneously identified through ZooMS (also see Posth et al.,
2017; Talamo et al., 2016; Meiri et al., 2014; Fellows Yates et al.,
2017).

ZooMS studies are not restricted to the discovery of additional
hominin specimens. A number of studies have focused on the
ecological and anthropogenic implications of bone assemblages
dominated by taxa difficult to identify based on morphology alone.
These include studies on identifying goat and sheep or, more
correctly, separating Capra sp. from Ovis sp., (Buckley et al., 2010;
Buckley and Kansa, 2011; Price et al., 2013; Pilaar Birch et al., 2018),
cetaceans (Evans et al., 2016; Speller et al., 2016; Biard et al., 2017;
Hufthammer et al., 2017), and microfauna (Buckley et al., 2016;
Prendergast et al., 2017; Buckley et al., in press). Other studies
indicate that the ecological signature for large mammal commu-
nities observed through ZooMS is more or less identical to that
observed by zooarchaeology for the same assemblage (Welker
et al., 2015b, 2017b; Buckley et al., 2017). This suggests that
ZooMS collagen peptide mass fingerprinting is of use to gain
qualitative insights into species composition from an ecological
perspective, for small and large bone assemblages alike, and in both
randomized and targeted projects.

The philosophy behind ZooMS has been translated towards the
analysis of eggshell proteins (Stewart et al., 2013, 2014; Presslee
et al., 2018), hair (Hollemeyer et al., 2012), and baleen (Solazzo
et al., 2017), which do not contain collagens or are not dominated
by collagen proteins. Nevertheless, MALDI-TOF MS analysis of their
proteomes provides the opportunity to taxonomically identify
types of archaeological material rarely identifiable by morphology.
Similarly, the majority of ZooMS studies has focused on the analysis
of mammals, but some studies have demonstrated the taxonomic
potential of collagen peptide mass fingerprinting for fish (Richter
et al., 2011), or tortoises (Van der Sluis et al., 2014), and its
inability to distinguish between bird clades (Buckley et al., 2009).
Amphibians have not been studied with any reported study to date.

2.2. Tandem mass spectrometry (LC-MS/MS)

LC-MS/MS technology analyses entire and complex (meta)pro-
teomes composed of sometimes hundreds or thousands of different
proteins present in a single tissue (Aebersold and Mann, 2003;
Kelstrup et al., 2014). This enables shotgun proteomics to study the

Fig. 2. Main differences between collagen peptide mass fingerprinting and shotgun proteomic approaches. Both workflows have additional outputs, some of which are in common
such as deamidation quantification (see x4.1), or unique to shotgun proteomics (detection of novel SAPs, identification of PTMs).
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Two approaches: 1. PMF: MALDI TOF-MS        2. Shotgun proteomics: LC- MS/MS

Rely on presence and detection of SAPs (single amino acid polymorphisms) derived from 
nucleotide substitutions (SNPs, single nucleotide polymorphisms) at genome level 

1. PMF-> MALDI-TOF MS : total mass of individual peptides within an extract
2. Shotgun->LC-MS/MS : mass and exact amino acid sequence of the present peptides 

Palaeoproteomics



Sourdough bread
Shevchenko et al. 2014

Cheese remains
Yang et al. 2014

Grape seeds 
Cappellini et al. 2010

Dairy products
Xie et al. 2016 

Well-preserved remains 

Bone biology and taphonomy Dental Calculus 

Milk Proteins
Warinner et al. 2014

Oral Microbiome
Warinner et al. 2014

Mammoth Bone
Cappellini et al. 2012

Bone Proteomes 
Buckley et al. 2016 

Palaeoproteomics



Proteins are more abundant than other biomolecules
&

Collagen is the most abundant protein in the vertebrate 
kingdom

>28 types of collagen
Human body 80-90% type I collagen

Palaeoproteomics :  Advantages



Oldest aDNA: 
0.5-0.7 Ma
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Oldest collagen: 
180-80 Ma

(maybe) 

Oldest collagen: 
3.4 Ma 

Proteins are more stable and can survive longer than other biomolecules

Palaeoproteomics :  Advantages



Protein analyses are fast, high-throughput and at low(er) cost

Palaeoproteomics :  Advantages



Buckley et al. 2008 Buckley et al. 2009

Peptide mass fingerprinting



ZooMS (Zooarchaeology by Mass Spectrometry) 

Taxonomic identification of collagen type I (COL1) 

Buckley et al. 2010Buckley et al. 2009

Peptide mass fingerprinting



Peptide mass fingerprinting

ZooMS (Zooarchaeology by Mass Spectrometry) 
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Peptide mass fingerprinting
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Domesticated taxa, sheep (O. aries) vs goat (C. hircus)

Buckley et al. 2010

Fig. 2. An example of manual interpretation for de novo sequencing of a product ion spectrum from its parent peak in the mass spectrum showing the identification of sequences for
the archaeological sheep (top) and goat (bottom) collagen markers. An * indicates amino acid variation between sheep and goat collagen sequence.

M. Buckley et al. / Journal of Archaeological Science 37 (2010) 13–20 17
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Fig. 2. An example of manual interpretation for de novo sequencing of a product ion spectrum from its parent peak in the mass spectrum showing the identification of sequences for
the archaeological sheep (top) and goat (bottom) collagen markers. An * indicates amino acid variation between sheep and goat collagen sequence.

M. Buckley et al. / Journal of Archaeological Science 37 (2010) 13–20 17
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Ötzi the Iceman

Red deer

Cattle

Goat

Sheep

Dog/red fox

Brown bear/canid

80 pieces of leather/ 13 identified/ 6 species (wild & domesticated)

~5500 years ago (3300-3100 BC)

Hollemeyer et al. 2012

ZooMS : applications



Prehistoric bone tools from Morocco

Desmond et al. 2018

ZooMS : applications



Material culture = human biology ?

Detecting humans in the prehistoric record?



Unidentified bone fragments



20,000+ bone samples, >20 Pleistocene sites, 6 countries

FINDER Project 2017-2022



AMS 
radiocarbon datingPeptide mass 
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Mass spectrometry-
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Next generation 
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Scientific methodologies



FINDER



• Ancient proteomics is a fast developing field

• ZooMS is a rapid and reliable method of identifying 
fragmented bone to taxon;

• FINDER aims to reveal the spatial distribution of archaic 
hominins in the late Pleistocene, particularly in eastern Eurasia; 
we have identified 8 hominin bone fragments from Denisova 
using this method, based on screening of >9000 samples; 

• Many archaeological assemblages waiting to be analysed.

Conclusions



‘Shotgun’ Proteomics 

Sampling Protein Extraction
LC-MS/MS 
Analysis

Sheep
TPEVDNEALEKFD 

Goat
TPEVDKEALEKFD 

Bioinformatics
(Mascot)

Data Analysis and 
Interpretation 
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