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Abstract 

Proteomics is a powerful means to study the function of all proteins expressed in a cell. When applied to use in 

medical field, this technique becomes a tool to understand the physiological state of the body. Proteomics is extensively used 

in research and study of protein biomarkers in humans, so that these markers help deduce a medical condition or can be used 

to understand the changes that have taken place due to medical intervention. This review article focuses on the different 

techniques used in proteomics, their advantages and disadvantages and their application in the study of bone biomarkers. 
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Introduction 

 Bones are rigid organs composed of collagen fibers, 

a calcified matrix and bone cells. Bone is a metabolically 

active organ that constantly undergoes the process of bone 

remodeling. This process of bone remodelling, releases 

protein biomarkers in blood due to the activity of bone 

cells such as osteoblasts, osteocytes and osteoclasts, and 

are called bone markers. These proteins can be measured in 

blood to access the physiological state of the body. The 

technique of proteomics is widely used to study and 

measure protein biomarkers of bone. The term proteome 

was first coined to describe the set of proteins encoded by 

the genome.Proteomics is the study of the function of all 

expressed proteins. Proteomics complements other 

functional genomics approaches, including microarray-

based expression profiles, systematic phenotypic profiles at 

the cell and organism level, systematic genetics and small-

molecule-based arrays. Integration of these data sets 

through bioinformatics will yield a comprehensive 

database of gene function that will serve as a powerful 

reference of protein properties and functions. 

 Proteomics is widely used to discover protein 

biomarkers that are used for disease diagnosis. A 

biomarker or biological marker is any measurable 

substance in the body that can be an indicator of 

pathological state or a measure of response to a therapeutic 

intervention. Various protein biomarkers of bone such as 

advanced glycation end products, Osteopontin, Tartrate-

resistant acid Phosphatase, Osteoprotegrin, Osteocalcin, 

Osteonectin and collagen 1 N-terminal propeptide (P1NP) 

and collagen 1 C-terminal propeptide (P1CP) are some of 

the biomarkers released in blood during the activity of 

bone cells.  These proteins can be used as biomarkers for 

various bone related diseases such as postmenopausal 

osteoporosis, bone metastates, renal bone diseases, Paget’s 

disease etc. Bone markers can be used to diagnose various 

bone diseases and also be a measure of response to therapy.

 Bone protein biomarkers along with the technique of  
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proteomics are a powerful tool in the field of medicine. 

Proteomics 

Proteomics study can be performed by using three 

different approaches namely: 

1. Functional proteomics: this approach is used in the 

identification of protein- protein, protein-RNA and 

protein-DNA interactions that affect protein function. 

2. Structural Proteomics: Approach used in the study of 

interactions of proteins with metal ions, toxins, drugs 

etc. that affect the protein structure. 

3. Differential Proteomics: approach is used in 

determination of differences in protein expressions.  

In general, two different strategies are being used to 

discover biomarkers using proteomic technologies. The 

first strategy is a targeted approach based on the more 

traditional hypothesis-driven evaluation of specific 

biomarker candidates, selected either on the basis of a 

biological rationale or from analysis of candidates derived 

from other sources. The second strategy is a de novo 

discovery approach that uses different proteomic 

techniques and finally validates potential biomarker 

candidates. Both strategies are complementary, have 

advantages and disadvantages, and may be performed in 

parallel (Matt et al., 2008). The process of biomarker 

discovery is generally undertaken on biological fluids like 

blood (serum or plasma), urine, and cerebrospinal fluid 

(CSF). 

The process of biomarker discovery can be divided broadly 

into 3 steps: Sample collection and preparation  

Subject to variation is a source of variability in 

biomarker discovery. Concentration of protein in subject 

may occur due to normal metabolism, circadian rhythms of 

protein production, protein degradation and environmental 

conditions. Sample handling is also a major source that 

adds to variations in results. Changes may take place in 

proteins after collection of samples, such as proteolysis, 

protein aggregation and chemical modifications like 

oxidation. Hence, to minimize variations due to sample 

handling sample collection and storage must be 

standardized. 

Protein separation, identification and quantification: After 

the sample of interest has been collected and stored 

properly, the next step is the separation of proteins of 

interest from a mixture of proteins present in the sample. 

Because of the limitations in the dynamic range of 

proteomic technology, it is widely accepted that to detect 

proteins that are low in abundance, samples must be 

depleted of highly abundant proteins. The most common 

depletion method is affinity chromatography. Other pre-

fractionation techniques include the use of ion-exchange 

chromatography, hydrophobic interaction chromatography 

and size exclusion chromatography (Liebold-Wittman      

et al., 2006). 

Protein Separation 

Lescuyer et al. (2004) suggested that chromatographic 

prefractionation can be a powerful tool for enrichment of 

low-abundance proteins prior to 2-DE analysis. With all 

the techniques mentioned above proteins detected in 2-

dimensional electrophoresis gels from the crude sample 

cannot be found in the eluted fractions; indicating that 

protein loss occurred during the chromatographic process. 

This means that prefractionation is a complementary step 

to the analysis of unfractionated sample. Also, using the 

same method, the quality of the fractionation is quite 

variable from one study to another. This underlines the fact 

that chromatography is not a straightforward analysis and 

that much care has to be taken in the optimization of the 

 protocols (Lescuyer et al., 2004). 



Archana et al., 2014 

www.currentsciencejournal.info 

Protein separation can be undertaken using the 

techniques of one-dimensional electrophoresis, two-

dimensional electrophoresis (2D SDS-PAGE), 

fluorescence two-dimensional difference gel 

electrophoresis (2D- DIGE) (Cristea et al., 2004), 

preparative isoelectric focusing (IEF), one-dimensional 

liquid chromatography and two-dimensional liquid 

chromatography (2D-LC). All these techniques are coupled 

with Mass Spectroscopy (MS) for protein identification. Of 

all the protein separation techniques stated above 2 

dimensional gel electrophoresis (2D SDS-PAGE) is the 

preferred technique. The 2DE is a powerful separation 

technique, which allows simultaneous resolution of 

thousands of proteins. The high-resolution capability of 

2DE stems from the fact that the first and second 

dimensions are based on two independent protein 

characteristics. The first dimension of 2DE is isoelectric 

focusing (IEF), during which the proteins are separated 

based on their charge. In the second dimension, the 

proteins are separated orthogonally by SDS-PAGE 

according to their molecular weight (MW). 2 DE can 

separate upto 2000 protein spots from serum/ 

plasma/tissue. Proteins generally not observed in 2DE are 

very small and very large proteins, alkaline proteins, low 

abundance proteins and hydrophobic proteins. The 

hydrophobic membrane proteins have poor solubility in 

standard protein extraction solutions (Giorgianni-beranova, 

2003). 

The first step of IEF can be performed using 

immobilized IPG strips and also the Non- equilibrium pH 

gel electrophoresis (NEPHGE) technique (Liebold-

Wittman et al., 2006). After electrophoresis, proteins on 

gels are visualized by silver staining (analytical gels) or by 

CBB R-250 (preparative gels). The most sensitive silver 

staining solution contains glutaraldehyde, which interferes 

with further identification by Edman or MS sequencing. 

Other staining techniques include commassie blue, 

fluorescence dye (Cy dyes, LAVAPurple, sypro dyes), 

radiolabelling and immunodetection. 

Identification 

Before the proteins can be identified using Mass 

spectroscopy, they have to be isolated from the gel. This is 

done by blot digestion of protein using the techniques of 

electrotransfer or electroblotting. Using the technique of 

western blotting, the proteins are transferred on to a 

membrane which carries the protein spot of interests, this 

spot is then excised and further analysed.  Other commonly 

used methods of protein isolation or digestion include in-

gel digestion and in-solution digestion of proteins. The in-

gel digestion procedure is compatible with downstream 

MALDI-MS and nano ES MS/MS characterization of 

digests of isolated protein bands or spots. Trypsin is the 

most commonly used protease for this purpose since it has 

a well-defined specificity; it hydrolyzes only the peptide 

bonds in which the carbonyl group is followed either by an 

arginine (Arg) or lysine (Lys) residue, with the exception 

when Lys and Arg are N-linked to Aspartic acid (Asp) 

(Shechenko et al., 2006; Hanne et al., 2012).  

In-solution, the digestion of the proteins is also done 

using trypsin, where the protein is first brought into 

solution using urea and then digested (Dept of Biomedicine 

Proteomic, university of Bergen). The ion exchange 

chromatography (IEC), Reversed phase chromatography, 

2D-Liquid chromatography and the OFFGEL 

electrophoresis (OGE) are some of the few gel-free protein 

separation techniques used. All of these are further coupled 

with the MS for protein identification (Abdallah et al., 

2012). 
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Identification: After the proteins have been separated and 

digested to peptides, the next step is characterization/ 

identification of protein using Mass Spectroscopy. Mass 

spectrometry is an analytical technique that involves study 

in the gas phase of ionized molecules with the aim of one 

or more of the following: Molecular weight determination, 

Structural characterization, Gas phase reactivity study and 

Qualitative and quantitative analysis of components in a 

mixture. In MS, molecules are ionized and then introduced 

into an electric field where they are sorted by their mass to 

charge ratio. Ionization methods used in MS are: Electron 

Impact Ionization, Chemical Ionization (CI), Negative Ion 

Chemical Ionization, Electrospray Ionization (ESI) 

Techniques, Matrix Assisted Laser Desorption 

Ionization (MALDI), Atmospheric Pressure Chemical 

Ionization (APCI) (Oregon Health and science university, 

Portland, Oregon). MS based proteomics can be divided 

into two approaches: isotope labelled and label free MS.  

Isotope labelled Mass spectrometry 

For protein quantification in MS analysis several 

isotopic labeling techniques (iTRAQ, 16O/18, SILAC, 

ICPL, TMT, 14N/15N labeling) and label-free methods have 

been developed (Matt et al., 2008). An isotope-labeling 

strategy has been developed that introduces stable isotope 

tags to proteins via chemical reactions using isotope-coded 

affinity tags (ICAT) and isobaric tag for relative and 

absolute quantitation (iTRAQ), enzymatic labeling (e.g. 

using 18O water for trypsin digestion), or via metabolic 

labeling (SILAC). With the advances of new 

instrumentation, computing power and advanced 

bioinformatics, a series of label-free LC-MS shotgun 

screening methods, such as multidimensional PIT, serve as 

good alternatives for relative and absolute protein 

quantization in biological samples (Zhang et al., 2010; 

Abdallah et al., 2012). Isotope labels can be introduced as 

an internal standard into amino acids (i) metabolically, (ii) 

chemically, or (iii) enzymatically or, alternatively, as an 

external standard using spiked synthetic peptides.  

Label-Free Mass spectrometry 

Traditionally, the enzyme-linked immunosorbent 

assay (ELISA) has been the major method used for 

targeted quantification of a protein, providing good 

sensitivity and throughput. In the cases where ELISA 

assays or high quality antibodies already exist, the process 

of validating a biomarker candidate can be relatively 

straightforward. Indeed, ELISA remains the “gold 

standard” for targeted protein quantification to date. 

However, for many or most novel protein candidates 

discovered in recent proteomics studies, the ELISA 

approach is limited by the lack of availability of antibodies 

with high specificity. Label-free methods aim to compare 

two or more experiments by (i) comparing the direct mass 

spectrometric signal intensity for any given peptide or (ii) 

using the number of acquired spectra matching to a 

peptide/protein as an indicator for their respective amounts 

in a given sample.  

The mass spectrometry based technique has a unique 

capability to perform candidate-based proteome browsing 

and measure absolute levels of post-translational 

modifications (PTMs). The mass spectrometric detection of 

a targeted peptide relies on the accurate mass and exact 

sequence of the peptide of interest, thus, when combined 

with effective sample preparation method, the technique is 

highly specific and capable of quantifying the 

corresponding protein. The selection of signature peptides 

to represent a candidate protein is a critical step in 

experimental design and assay establishment because it 

will affect both the specificity and accuracy of a targeted 

http://www.cif.iastate.edu/mass-spec/ms-tutorial#Electron Impact Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#Electron Impact Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#Chemical Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#Negative Chemical Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#Negative Chemical Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#Electrospray Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#Electrospray Ionization
http://www.cif.iastate.edu/mass-spec/ms-tutorial#MALDI
http://www.cif.iastate.edu/mass-spec/ms-tutorial#MALDI
http://www.cif.iastate.edu/mass-spec/ms-tutorial#APCI
http://www.cif.iastate.edu/mass-spec/ms-tutorial#APCI
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analysis (Pan et al., 2008). Relative expression levels of 

cellular proteins under different conditions, (e.g.) normal 

and disease states; cells subjected to different stimuli and a 

similar fashion to genomic analyses, have been measured 

using stable isotope labeling strategies. Feature of these 

techniques is that protein profiling can be performed by 

comparing the amount of proteins present in two different 

cell states in which a reference is labeled with a light 

isotope and another labeled with a heavy isotope. The 

reference and heavy-isotope labeled samples are then 

combined where individual peptides have the same amino 

acid sequence, therefore they exhibit identical chemical 

properties (i.e.) they behave identically throughout any 

separation steps and ionization process in MS, but differ in 

mass by the weight of the isotopic label which is easily 

observed in MS. 

Identification of proteins is not always sufficient for 

the interpretation of its biological function, because many 

of naturally occurring proteins are post-translationally 

modified. One such ubiquitous modification is 

phosphorylation that affects significant subset of the 

proteome and plays an important role in numerous 

regulatory pathways and cell cycle control in all living 

cells. Modified peptides those containing a phosphorylated 

amino acid can be detected by using MS and sequence 

databases. If the peptide under investigation can be 

matched correctly to the mass value predicted on the basis 

of genomic sequencing can be considered unmodified. 

However, if the peptide does not match the database, the 

type and site of specific modification can be accessed 

directly from the difference between observed and 

expected fragment masses. Hence, MS has been used for 

their identification (Walter and Mann, 2010). 

To determine the mass of an analyst, such as a 

peptide, from the m/z value, the charge state of the 

molecule is first derived from the pattern of naturally 

occurring isotopes of different masses. This pattern is 

mainly caused by 13C, which occurs with a low natural 

frequency (approx. 1% of the main 12C isotope). Natural 

compounds have many carbon atoms and therefore show a 

family of peaks representing one, two, or more 13C atoms 

integrated into the molecule. For proteomics, the first idea 

may be to characterize proteins by their unique weight, 

which is a function of their composition. For large proteins 

the mass differences between different proteins with 

similar composition is small and entire proteins are anyway 

difficult to measure. Therefore, for most experiments, not 

the mass of entire proteins, but of peptides derived from 

them by enzymatic cleavage, is measured (bottom up 

proteomics). For a mixture of peptides, this yields the MS-

spectrum of mass-to-charge ratios plotted against their 

mass spectrometric signal, the ion current. To determine 

the identity (i.e. sequence), in addition to the exact mass of 

a peptide, it is fragmented along its backbone, usually by 

collision with an inert gas such as helium or nitrogen at 

low pressure (CID, collision induced dissociation). The 

resulting spectrum, called an MS/MS (or tandem or MS2) 

spectrum, is basically a list of m/z ratios for different 

fragments with some of the differences corresponding to 

the specific mass of one amino acid. In principle, 

connecting the fragments with increasing size from the N 

terminus (b-ion series) or C terminus (y-ion series) allows 

for the deduction of the peptide sequence from the series of 

specific mass differences, each corresponding to a 

successive amino acid (de novo sequencing) (Walter and 

Mann, 2010). 



Archana et al., 2014 

www.currentsciencejournal.info 

The classical proteomic quantification methods 

utilizing dyes, fluorophores, or radioactivity have provided 

very good sensitivity, linearity, and dynamic range, but 

they suffer from two important shortcomings: first, they 

require high-resolution protein separation typically 

provided by 2D gels, which limits their applicability to 

abundant and soluble proteins; and second, they do not 

reveal the identity of the underlying protein. Both of these 

problems are overcome by modern LC-MS/MS techniques. 

However, mass spectrometry is not inherently quantitative 

because proteolytic peptides exhibit a wide range of 

physicochemical properties such as size, charge, 

hydrophobicity etc. which lead to large differences in mass 

spectrometric response. For accurate quantification, it is 

therefore generally required to compare each individual 

peptide between experiments. One major approach is based 

on stable isotope dilution theory which states that a stable 

isotope-labeled peptide is chemically identical to its native 

counterpart and therefore the two peptides also behave 

identically during chromatographic and/or mass 

spectrometric analysis. Given that a mass spectrometer can 

recognize the mass difference between the labeled and 

unlabeled forms of a peptide, quantification is achieved by 

comparing their respective signal intensities. When 

contemplating a data analysis strategy for proteomic data 

generated by quantitative mass spectrometry, it is worth 

reconsidering a couple of principles. Quantitative 

proteomic data are typically very complex, and often of 

variable quality. This is in part because the data are 

incomplete: even the most advanced mass spectrometers, 

which can acquire several tandem MS spectra per second, 

are often overwhelmed by the number of peptides present 

in a sample. As a consequence, only a subset of all proteins 

present can be identified in any one analysis. For protein 

quantification, it is further mandatory to detect a protein in 

all experiments that should be compared. As a result, often 

only a subset of identified proteins can actually be 

quantified (Bantscheff et al., 2007). Matrix-assisted laser 

desorption/ionization mass spectrometry (MALDI-MS), 

Surface-enhanced laser desorption/ionization time of flight 

mass spectrometry (SELDI-TOF MS), Matrix-assisted 

laser desorption/ionization-time of flight mass 

spectrometry (MALDI-TOF MS), tandem MS are some of 

the generally used MS platforms for protein identification 

and characterization (Lambert et al., 2006). 

Data Interpretation 

After the proteins have been separated and 

characterized using MS; the last step in protein 

identification is analysis of the obtained MS data. For this 

purpose numerous software’s are available for example 

Seattle Proteome Center (SPC) Proteomics tools, Global 

Proteome machine, Probid, Mascot, X!Tandem 

etc.(Oregon Health and science university, Portland, 

Oregon). 

Protein arrays 

Abundant proteins can obscure the quantification of 

lower abundance proteins, such as signaling molecules or 

kinases. This problem can be reduced using ICAT and 

MudPit or prefractionation prior to 2-DE. Protein 

microarrays offer a different solution and have the 

potential for high-throughput applications to identify novel 

drug targets and disease markers and a sensitivity born of 

new technical approaches. The sequencing projects offer 

opportunities to manufacture protein chips that embrace the 

thousands of proteins encoded in the genome. Protein array 

technologies using discrete sets of known proteins are 

plainly of potential value in diagnostic or prognostic 

testing. A microarray of 60 antibodies has already been 
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constructed for cluster of differentiation (CD) antigens by 

binding antibodies to a nitrocellulose-coated glass slide. 

The results achieved with this antibody array compared 

well with flow cytometric assessment of CD expression on 

a number of leukemic cell types and normal leukocytes. 

The strength of this approach is the relatively high number 

of markers that can be assayed per experiment compared to 

flow cytometry. However, discrete binding to subsets of 

cells is not easily assessed. The creation of high-density 

antibody microarrays using phage display technology and 

other methods remains a realistic proposition for the 

characterization of the proteome. Development of 

appropriate arrays for concerted proteomics research 

projects will continue and, in the future, simultaneous 

measurement of many proteins from limited volumes of 

samples of complex biologic mixtures (such as serum or 

cell lysates) will be possible. Other approaches are being 

derived for global analysis of protein function and these 

include activity-based protein profiling (ABPP) for 

enzymes such as tyrosine phosphatases using selective 

modification of specific enzymatic active sites (Cristea      

et al., 2004). 

Shotgun Proteomics 

'Shotgun proteomics' refers to the direct and rapid 

analysis of the entire protein complement within a complex 

protein mixture. This method monitors the system both 

qualitatively and quantitatively. Multidimensional protein 

identification technology (MudPIT) provides a solution to 

overcoming many of the current limitations of 2-DE 

technology. This method combines the resolving power of 

high-pressure liquid chromatography (HPLC), the peptide 

analysis capabilities of tandem mass spectrometry 

(MS/MS) and the analytical power of database searching 

software. In this methodology (Fig. 1), a complex protein 

sample (either soluble proteins or membrane proteins) is 

first digested with proteases to produce an even more 

complex peptide mixture. This peptide mixture is then 

loaded directly onto a fused-silica microcapillary column 

(100 μm inner diameter) packed with both reverse phase 

(RP) and strong cation exchange (SCX) stationary phases. 

As peptides are eluted from the column, they are ionized, 

isolated by mass: charge ratio, and selectively fragmented 

by mass spectrometry. The peptide fragmentation spectrum 

is a 'fingerprint' that can be used to identify the protein 

from which they derive by searching against a sequence 

database with commercially available software (e.g. 

SEQUEST). This method is largely unbiased, allowing 

both high- and low abundance proteins, and proteins with 

extremes in pI and Mr, to be identified with equal 

sensitivities in the low femtomole level (Wu and MacCoss, 

2002). 

Protein diversity cannot be fully characterized by 

gene expression analysis alone, making proteomics a 

promising tool for characterizing cells and tissues of 

interest and for biomarker discovery. In the area of bone 

diseases, traditional 2DE coupled with MS, a standard 

method for comparing protein expression profiles between 

normal and disease states, has been applied to obtain 

unique protein-expression profiles of cartilage degradation, 

bone sarcoma, osteoarthritis and femoral head 

osteonecrosis, and compared with profiles from normal 

tissues. The major objective of these works was to discover 

unique proteins of diseases and provide insights into the 

mechanisms. Since bone diseases mainly occur as a result 

of the disturbance of the bone remodeling rate and the 

imbalance between the activity of osteoclasts and 

osteoblasts, recent proteomic studies have focused on the 

differentiation of these cells and their function. Osteoblasts 
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derived from multipotential MSCs can synthesize bone 

matrix, while osteoclasts derived from monocytes can 

digest bone. Osteoclasts, members of the 

monocyte/macrophage family, are bone resorptive cells. 

Osteoclast proliferation and differentiation is partially 

driven by osteoblasts, macrophage colony-stimulating 

factor (M-CSF) and RANKL. Researchers were able to 

analyze the whole osteoclast proteome and the secreted 

proteome (Zhang et al., 2010). 

Proteins in bone: Extraction of proteins in bone 

The classical methods used for protein extraction 

from soft tissues and cells cannot be used for bone. Bone is 

composed of bone matrix which is made up of two parts 

mineral portion (about 65-70%) made up of 

hydroxyapatite; and the organic part of the matrix (about 

25-30%) consisting of collagen and proteoglycans. Apart 

from these the bone also contains non collagenous proteins. 

Jiang et.al, proposed a demineralizing approach to extract 

proteins from bone. The method uses the approach of 

demineralizing bone by way of incubating the bone using 

HCL, Tris, guanidine-HCl and tetra sodium EDTA for 

different time intervals. The researchers have been used the 

protocol to extract proteins from bone, separated them 

using 2D gel electrophoresis and analysed them using MS, 

suggesting that protein extraction efficiency significantly 

improved using demineralization of bone tissue (Jiang      

et al., 2007). Proteins from hard tissues cannot be easily 

solubilized. For their isolation from hard tissues, a 

complicated and time consuming process of 

demineralization is required. The process of 

demineralization also represents various complications of 

analysis, which can of course have a negative influence on 

protein identification. Hynek et al. (2001) developed a 

completely new method, which enables identification of 

proteins even in insoluble materials. The major principle of 

this  method is  that intact  proteins are not isolated from  

Fig. 2.  Bone demineralization protocol 

 Bone tissue 

            1.2 M HCl, overnight at 4°C 

 

   Residue              

  Extract 1 

           100 mM Tris, 6 M Guanidine- HCl, pH 7.4 for 72     

 hours at 4°C 

    Residue               

  Extract 2 

           100 mM Tris, 6 M Guanidine-HCl, 0.5 M tetra-  

sodium EDTA, pH 7.4,  72 hrs 4°C 

 

    Residue             

  Extract 3 

 

                 6 M HCl, overnight at 4°C 

Extract 4 

insoluble materials, but digested in situ, specifically by 

trypsin. The resulting soluble specific peptide fragments 

can be easily extracted and subsequently analyzed by mass 

spectrometry. This was studied on chicken thighbone, 

human jawbone and teeth. In the preliminary experiments, 

it was shown that the proteomics of hard tissues can be 

performed elegantly without the need for demineralization. 

It is very simple, fast and additionally the proteins are 

digested directly in original hard tissues, which eliminate 

the risk of undesirable protein modifications and 

contamination (Hynek et al., 2011). 
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Fig. 1. General strategy for proteome analysis by 2DE, MS and data searching. (Giorgianni-beranova, 2003) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bone differs from all other tissues in a body by being 

composed largely of a mineral (70-90%) and a small 

amount of total organic material (10-30%) that contains a 

uniquely large proportion of collagen (approx. 90%). On 

the basis of this unusual composition, it is generally agreed 

that collagen plays a critical role in the structure and 

function of bone tissue. Nonfibrillar organic matrix 

comprises a total of 10%, and again within this group of 

proteins, osteocalcin and osteopontin are present in a large 

proportion (1 to 2% in a healthy bone). Together with 

collagen, these noncollagenous matrix proteins form a 

scaffold for hydroxyapatite deposition. Other abundant 

noncollagenous bone matrix proteins have been identified 

such as fibronectin, osteonectin, bone sialoprotein II, 

decorin, and bioglycan. The remaining noncollagenous 

proteins of bone matrix include proteases, bone 

morphogenetic proteins and growth factors. Bone matrix 

quality varies with age, nutrition, disease, and 

antiosteoporotic treatments. It is considered that 2D SDS-

PAGE is a useful tool in investigation of variation and /or 

changes in the pool of bone proteins, when small amount 

of sample is available. The study by Sroga et.al using 

nano-scale size bone samples analysed by proteomics 

establishes that, collagen in older interstitial bone contains 

higher levels of an advanced glycation end product 

pentosidine then younger osteonal tissue; the levels of two 

enzymatic crosslinks (pyridinoline and deoxypiridinoline) 

were higher in osteonal than interstitial tissue and younger 

osteonal bone has higher amount of osteopontin and 

osteocalcin then older interstitial bone. Taken together, 

these data show that the level of fluorescent crosslinks in 

collagen and the amount of two major noncollagenous 

bone matrix proteins differ at the level of osteonal and 

interstitial tissue.  
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We propose that this may have important 

implications for bone remodeling processes and bone 

microdamage formation (Grazyna et al., 2011). The 

application of non-traditional, high-resolution analytical 

techniques to the study of ancient bone proteins holds great 

potential for increasing our understanding of the evolution, 

radiation, and ecology of extinct organisms. However, 

these analyses are challenging because they require the 

detection and interpretation of molecular components that 

are present at very low concentration and/or are highly 

altered. Biomineralization has been proposed to contribute 

to the preservation of collagen-I through geological time. 

Thus, this intimate association with mineral affords 

protection from degradation not found in non-mineralized 

tissues. Generally, investigations of bone protein use a 

weak inorganic acid, a diluted strong acid or 

ethylenediamine tetra acetic acid (EDTA) for 

demineralization. However, the use of either weak 

inorganic acids or diluted strong acids may hydrolyze the 

proteins of interest, and therefore, cleave them into 

difficult to characterize fragments. After mineral has been 

removed, bone proteins are typically extracted into solution 

for further analyses. In non-biomineralized tissues, this is 

usually accomplished by urea or sodium dodecyl sulfate 

(SDS) but these methods have seldom been used in bone. 

These methods create challenges because they can modify 

proteins by forming adducts (SDS) or by carbamylation 

(urea). Instead, guanidine HCl or ammonium bicarbonate 

are been found to effectively solubilize bone proteins. 

Guanidine-HCl functions by denaturing proteins into 

random coils, making them more soluble, but many 

proteins are soluble in ammonium bicarbonate as well. 

Ammonium bicarbonate is widely used in proteomics-

based techniques because it completely breaks down to 

ammonia and carbon dioxide and is directly compatible 

with typical digestive enzymes (e.g. trypsin) without the 

need for desalting. Bone is composed of a variety of 

proteins and other molecules, but archaeologists and 

paleontologists have focused on collagen I and osteocalcin 

because they are the two most abundant proteins in extant 

bone and both have high potential for preservation. 

Collagen-I is, by far, the most dominant protein, 

making up, 85-90% of the organic constituents in bone. 

Because collagen is vital for bone structure and formation, 

its sequence is highly conserved across taxa, making it less 

useful for determining relationships of extinct organisms. 

Noncollagenous proteins (NCPs) have sequences with 

greater sequence variation providing potentially greater 

phylogenetic resolution than collagen I. However, 

identifying these proteins in bone extracts is difficult, even 

in extant bone, because they make up a relatively small 

fraction of the total protein content. If these proteins are 

not preferentially collected or concentrated, their signal can 

be overwhelmed by much more abundant proteins. 

Protocols utilizing HCl for demineralization result in some 

of the purest extractions, but may result in unwanted 

hydrolysis, whereas those utilizing EDTA usually leave 

residual salt and therefore require an additional purification 

step. Both ammonium bicarbonate and guanidine HCl 

extract bone proteins well and either is suitable for many 

types of analyses. Ammonium bicarbonate extractions 

require less desalting, and therefore less sample loss and 

fewer opportunities for contamination. This extraction type 

is more appropriate for mass spectrometry than guanidine 

HCl making it useful for characterization of ancient 

samples with little remaining protein (Hein et al., 2006). 

Termine et al. (1981) extracted bone matrix protein from 

fetal calf bone using the bone demineralization process. It 
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was observed that prior to extraction, an average fetal calf 

bone slice preparation contained 15% protein, 23% mineral 

and 62% water. Approximately 10% of the total protein 

was removed upon sequential dissociative extraction, one-

third of the noncollagenous protein being solubilized in the 

first (guanidine HC1) and two-thirds in the second 

(guanidine HCl/EDTA) extracts.The second extract 

completely demineralized the bone slices which were then 

recovered as fibrous collagen residues (Termine et al., 

1981). Bone preserves the entire protein pattern of 

extracellular bone matrix proteins for thousands of years. It 

has been proved that the profile quality of matrix proteins 

isolated from ancient bones is similar to the profile from 

bones harvested recently (Grazyna et al., 2011). 

The original parameters of bone diagenesis (1) 

collagen content, (2) histological integrity, (3) porosities 

(water uptake potential) and (4) crystallinity (the infra-red 

splitting factor)-remain useful, and their interrelationships 

are now better documented and explained. But their direct 

connection with process remains elusive. This may also be 

because two of them-histological index and collagen 

content-register the effects of diagenesis; while porosity, 

and probably crystallinity, both have a direct effect on 

altering the response of bone to its environment. Much 

collagen loss in bone is correlated with microbial attack (as 

shown by typical histological alteration). All severely 

attacked bone has lost a substantial fraction of collagen (at 

least 80%); while a considerable portion of Holocene bone 

in temperate regions, when selected for showing no, or 

slight, histological alteration, retains a high proportion of 

collagen. One process is, as discussed above, that of 

microbiological attack. We presume that those (often 

microscopic) regions of the bone that are not attacked still 

retain comparatively unaltered collagen. Bone of good 

histological preservation frequently contains levels of 

collagen closer to original values. It is now accepted, and 

explained, that temperature is a remarkably sensitive 

influence on the maximum survival of collagen. 

The characteristics of diagenetically altered bone (or 

sub-fossil bone) are difficult to order as a body; for there is 

not generally a one-to-one relationship with the underlying 

processes of alteration, nor usually is there a clear 

relationship with the state of the bone at the molecular 

level. In particular, the relationship between water 

movement, dissolution, porosity increase and solute uptake 

can now be discussed and recognized in bone buried in 

environments which themselves can now be classed in 

relevant categories (Hedges, 2002). Bones and teeth are the 

most resistant tissues in the remains of an organism. In the 

living state, they contain leaked plasma proteins, the 

marrow constituents and the organic matrix in which the 

inorganic constituents of bone are deposited. With the 

advent of accelerator mass spectrometric (AMS) dating of 

milligram-sized samples, it may become possible to carry 

out the ideal of learning about the physiological state of the 

donor during life and the history of the residue after death. 

Proteins have been used in archaeology for the purpose of 

dating organic residues through 14C and racemization 

studies. Stable isotopic analysis has been used for dietary 

investigations. Humidity plays an important role in the fate 

of collagen. Variations in humidity levels can result in 

swelling and shrinking of collagen fibers-the breaking and 

reformation and misalignment of hydrogen bonds. 

Collagen observed in archaeological bone 

uncommonly exhibits its intact native composition, which 

has been subjected to swelling, shrinking, gelation and 

hydrolytic processes. Insufficient attention has been given 

collagen fragments, which may be caused by non-random  



 

Table 1. Various dyes used for detection of proteins in gel based proteomics, there limit of detection (ng) and dynamic range 

Visualization 

Method 

Limit of 

Detection (ng) 

Dynamic Range Detection No. of 

samples/gel 

Comments 

Colloidal 

Coomassie 

Blue 

 

8-10 

20-fold 

Linear response reatricted 

to high ng amounts of 

protein 

Densitometry 1 Compatible with 

analysis by MS 

Silver  

2-10 

8 to 10 fold 

Linear response restricted 

to low ng amounts of 

protein 

Densitometry 1 Some protocols 

compatible with 

analysis by MS 

Zinc 

Imidazole 

 

5-10 

Linear response restricted 

by high ng to μg amounts 

of protein 

Densitometry 1 

 

 

Compatible with 

analysis by MS 

Cy3, Cy5  

5-10 

1000-fold  

Linear response on wide 

range 

Fluorescent  2-3 Compatible with 

analysis by MS 

SYPRO Ruby  

1-8 

1000-fold 

Linear response on wide 

range 

Fluorescent  1 Compatible with 

analysis by MS 

 

Table 2. Various advantages and disadvantages of the different platforms of analysis used in the study of biomarkers 

Platform Advantages for Biomarker Discovery Disadvantages for Biomarker Discovery 

Measurement of 

mRNA expression 

(e.g. differential 

display, SAGE, 

microarray) 

Able to  screen large number of genes 

Commercially available 

RNA levels may not directly relate to 

protein levels. Provide no information 

about post translational protein 

modifications. Difficult to handle large 

volume of data 

2-D DIGE 

(2-Dimensional 

Difference Gel 

Electrophoresis)  

Assay of actual biomarker not mRNA 

Allows identification of previously 

unknown biomarkers 

Can quantify amplitude of change in 

biomarker  

Well established technique 

Poor technique for difficult-to-solubilize 

proteins, low abundance proteins and low 

molecular weight proteins 

Labor intensive 

SELDI  

(Surface Enhanced 

Laser Desorption 

Ionization)   

Well suited to generating a pattern of 

peptide peaks corresponding to a disease 

biomarker 

High throughput, less labor intensive and 

cheaper than 2-D electrophoresis 

Can focus on certain subsets of proteins 

Difficult to identify proteins 

Difficult to measure protein abundance 

Specimen handling can have large impact 

on quality 

LC/MS/MS Higher throughput than 2D DIGE  

Can identify by amino acid sequencing  

Increased yield of membrane proteins and 

low abundance proteins 

Need to Isotope coded affinity tags (ICAT) 

to measure biomarker abundance  

Tissue Microassay High throughput validation and 

prioritization of tissue biomarkers 

Obtain protein location by 

immunohistochemistry 

Immunohistochemistry, need antibody, 

cannot detect unknown proteins 

In situ hybridization detects mRNA only 

Quantitation issues 

Specimen quality issues 

SNP detection (single 

nucleotide 

polymorphism)  

May produce unexpected new leads about 

pathogenesis of and biomarkers of 

disease 

Only given information about an 

individual’s risk of disease, not presence of 

disease per se 

Provides no information about expression 

of proteins 

 

processes.  Chemical examination of the protein fragments, 

the unchanged collagen and the OMC will lead to far 

greater insight into the history of the donor as well as the 

bones  after  burial. Also  suggest  the  presence  of oxygen 

 modified osteocalcin (OMO) (Sobel and Berger, 1995). If 

bone is considered as a composite of collagen (protein) and 

bioapatite (mineral), then three pathways of diagenesis are 

identified: (1) chemical deterioration of the organic phase; 
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(2) chemical deterioration of the mineral phase; and (3) 

(micro)biological attack of the composite. The first of these 

three pathways is relatively unusual and will only occur in 

environments that are geochemically stable for bone 

mineral. However, because rates of biomolecular 

deterioration in the burial environment are slow, such 

bones would yield useful biomolecular information. In 

most environments, bones are not in thermodynamic 

equilibrium with the soil solution, and undergo chemical 

deterioration (path 2). Dissolution of the mineral exposes 

collagen to biodeterioration, and in most cases the initial 

phase of dissolution will be followed by microbial attack 

(path 3). Biological attack (3) also proceeds by initial 

demineralization; therefore paths 2 and 3 are functionally 

equivalent. However, in a bone that follows path 3 the 

damage is more localized than in path 2, and regions 

equivalent to path 1 may therefore exist outside these zones 

of destruction. 

Other biomolecules, such as blood proteins, cellular 

lipids and DNA, exist within the physiological spaces 

within bone. For these biomolecules, death history may be 

particularly important for their survival. The rate at which 

collagen is lost will depend upon time, temperature and 

environmental pH. At high temperatures, the rate of 

collagen loss will be accelerated and processes such as 

prolonged boiling will produce bones similar to those that 

have been chemically deproteinated; for example, with 

hydrazine hydrate. Broadly speaking, collagen content in 

bone declines with time since deposition, and the loss of 

nitrogen (collagen representing >95% of the nitrogen in 

bones) has been used as a crude dating tool. With the 

advent of routine extraction of collagen for radiocarbon 

dating, it is now possible, in laboratories that report 

collagen yields, to relate this to the archaeological age of 

the bone. The absence of a clear pattern emphasizes that 

other factors have important roles to play in collagen 

degradation. All other things being equal, the thermal 

history of a sample (the integrated time-temperature 

history) is the key factor influencing survival. The authors 

argue that despite variation in collagen yields between 

bones of the same thermal age, the integrity of surviving 

collagen will be the same. 

Bone is a composite of bioapatite, collagen and 

osteocalcin. The survival of these three phases should be 

intimately related, but (at least in high-temperature heating 

experiments) osteocalcin and specifically the Gla-

containing region, persist well beyond the loss of all the 

collagen. Neither collagen nor osteocalcin behaves as it 

does in physiological solution, and in both cases 

mineralization increases stabilization (Collins et al., 2002). 

Attempts have been made to reconstruct the diets of 

prehistoric communities from a study of their skeletal 

tissue using two approaches: the study of stable isotope 

ratios (either carbon or nitrogen) in the organic matrix and 

the analysis of trace elements in the inorganic bone 

mineral. The isotope method is based on two observations: 

1. Bone collagen isotope ratios reflect the corresponding 

isotope ratios in the animal diet and 2. Different foods have 

characteristically different isotopic ratios depending on the 

base of the food web. Because of the discrimination against 

the heavier isotopes of carbon in terrestrial C3 plants, the 

δ13C values for these plants are more negative than those 

found in atmospheric CO2. There should be a simple 

distinction between the δ13C values of animals whose food 

chain is based on either C3 or C4 plants or on marine 

plants and it is this distinction that has been exploited in 

the carbon isotopic characterization of the diets of ancient 

communities. 



 

Table 3. Summarizes the MS-based strategies for proteomics quantitation 

Methods Pros Cons 

Absolute 

Spiked peptides 

Absolute abundance can be obtained 

Common approach for drug metabolism 

study 

Applicable to protein analysis 

 

Laborious and costly step in 

preparation of internal standards 

In vivo labelling 

Cell culture 

 

 

 

Diet enrich 

 

 

CDIT 

Simple, Accurate 

Applicable for post translational 

modification and protein interaction 

 

Applicable for tissue sample 

 

 

Applicable for tissue sample 

Absolute amount can be obtained 

 

Limited to culture cell sample 

 

 

Time consuming, costly  

Sometimes sample is not labelled 

completely 

Difficult to apply biological fluid  

Decrease accuracy when 

corresponding protein is absent in 

CDIT cells 

In vitro labelling  

 

 

 

ICAT 

 
 

16O/18O with Trypsin  

 

iTRAQ 

Applicable for tissue sample  

 

 

 

Reduce complexity by enrichment 

process 

 

Easy derivatization  

 

Multiplexing four samples  

High peptide coverage  

Easy analysis 

Increase the possibility for false 

quantification since all the steps 

including digestion is done separately 

Costly, Limited analysis of proteins 

containing cysteine 

Complex analysis, Need high 

resolution MS  

Possible incomplete incorporation of 

the label 

Costly 

Label-free 

 

Integrated ion count 

emPAI/ spectral count 

Simple, low cost  

Allow large number of sample 

Easy to calculate 

Cannot normalize variation during 

sample preparation  

May increase false positive. 

Necessary to normalize. 

Not suitable for highly complex 

samples 

 

Table 4. Aforementioned table enumerates the available statistical methods for proteomics 

Category Question Analysis Suggestion 

Protein change between 

conditions 

Does a protein behave 

significantly different 

between samples?  

Does a protein exhibit time-

dependent charge? 

Is the sample a member of a 

defined class of samples? 

Multiple hypothesis testing 

 

 

Analysis of variance (ANOVA) 

 

Classification methods (e.g. linear 

discrimination analysis, support vector 

machines) 

Dependencies between 

proteins  

Which proteins behave 

similarly in the experiment? 

Cluster analysis 

 

A microbial attack on proteins in bone may have 

various implications. The work on microbial attack was 

initiated as a result of an unexpected scatter in the 

determination of age at death using the racemization of 

aspartic acid in dental collagen. Tests on modern 

individuals gave good results, but identical tests on 

exhumations of known age gave deviant results, suggesting 

the role of microbial attack and its effect on the proteins in 

bone (Antoine et al., 1991). 

Conclusion 

The technique of proteomics, though time 

consuming and facing many practical difficulties is the 

only large scale protein study tool available to scientists 

today. With  proper standardization of  sample collection  



 

Table 5. Advantages and disadvantages of various proteomics studies (Termine et al., 1981) 

Technique Description Advantages Disadvantages 

Two-dimensional 

gels and mass 

spectrometry 

Proteins from a sample 

are separated 

electrophoretically on 

the basis of charge and 

mass, then analyzed by 

mass spectrometry. 

Used for cellular 

proteomics. 

Established technology, 

large dynamic range for 

detection of expression 

levels, 2D gel profiles 

already incorporated in 

existing literature and 

databases. 

Systematic bias against detecting 

very large, very small, and 

membrane-bound proteins; requires 

considerable technical skill; time-

consuming. 

Microassay Silicon chips are coated 

with specific surface 

chemistries or known 

protein ligands, and 

proteins from a sample 

are fractionated on the 

chip, then analyzed by 

mass spectrometry. 

Used for cellular 

proteomics. 

System can be designed 

to detect all types of 

proteins; requires little 

technical skill; fast and 

reproducible results. 

Experimental technology, dynamic 

range may be not equal that of 2D 

gels, no standardized format 

established for organizing data from 

chips. 

Automated yeast 

two-hybrid screen 

A bioassay performed 

by a laboratory robot 

determines whether 

pairs or groups of 

proteins from a 

sequenced genome 

interact. 

Used for global 

proteomics  

Assays protein behavior 

in vivo; 

Rapid results; basic 

technique established and 

proven successful. 

Provides information only on 

binding partners, not biochemical 

function; can yield false-positive 

and false-negative results; does not 

give structural information. 

High-throughput 

crystallography 

Hypothetical proteins 

from a sequenced 

genome are expressed, 

purified and crystallized 

to obtain three-

dimensional structure, 

then tested for likely 

biochemical functions, 

used for global 

proteomics. 

Tests directly for 

biochemical function; 

can uncover new protein 

functional families; 

provides structural 

information. 

In vitro functional assays may be  

mis-leading; time consuming; 

experimental technique with only 

one published “proof-of-concept” 

experiment. 

 

and preparation steps, a few practical difficulties can be 

overcome. By using various combinations of protein 

separation, identification and quantification techniques, 

complete protein profile in a cell can be obtained. Different 

bone proteins for example osteopontin, tartrate-resistant 

acid phosphatase, osteoprotegrin etc. have been identified 

as bone protein biomarkers using the technique of 

proteomics. Not only where these markers studied in blood 

samples but also in bone. With the advent of various 

proteomic techniques it is now possible to obtain 

maximum information not only about the complete protein 

content of a cell but also the protein of interest. New and 

improving proteomics are the need of the hour so that 

experimentation becomes a little less laborious and time 

consuming. 
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