
Lecture 8. Proteomics and methods of proteome investigation. 

Learning outcomes: 

1. Give the definition to the terms “olygopeptides”, “polypeptides”, “proteins”, “proteome”, 

“proteomics”. 

2. Explain and analyze the experimental methods of proteomics: MALDI-mass-spectrometry, 

ESI-mass-spectrometry, different types of chromatography, 2D- and 3D-PAGE, ELISA, nuclear 

magnetic resonance (NMR), X-ray diffraction and etc. What are the reasons for selecting any of 

these methods for specific proteins? 

3. Describe the computational (bioinformatical) methods of protein research: amino acid 

sequence alignment, protein structure prediction, analysis of X-ray diffraction pattern and 3D-

modelling of protein structure.    

4. Characterize the Protein Data Bank (PDB), Uni-ProtKB/Swiss-Prot and other bioinformatical 

databases of protein information.   

 

Proteomics is the large-scale study of proteins. Proteins are vital parts of living organisms, with 

many functions. The proteome is the entire set of proteins that is produced or modified by an 

organism or system. Proteomics has enabled the identification of ever increasing numbers of 

protein. This varies with time and distinct requirements, or stresses, that a cell or organism 

undergoes. Proteomics is an interdisciplinary domain that has benefitted greatly from the genetic 

information of various genome projects, including the Human Genome Project. It covers the 

exploration of proteomes from the overall level of protein composition, structure, and activity. It 

is an important component of functional genomics. 

Proteomics generally refers to the large-scale experimental analysis of proteins and proteomes, 

but often is used specifically to refer to protein purification and mass spectrometry. 

There are several specific techniques and protocols that use antibodies for protein detection. 

The enzyme-linked immunosorbent assay (ELISA) has been used for decades to detect and 

quantitatively measure proteins in samples. The western blot may be used for detection and 

quantification of individual proteins, where in an initial step, a complex protein mixture is 

separated using SDS-PAGE and then the protein of interest is identified using an antibody. 

Mass spectrometry (MS) is an analytical technique that is used to measure the mass-to-charge 

ratio of ions. The results are typically presented as a mass spectrum, a plot of intensity as a 

function of the mass-to-charge ratio. Mass spectrometry is used in many different fields and is 

applied to pure samples as well as complex mixtures. Two techniques often used with liquid and 

solid biological samples include electrospray ionization (invented by John Fenn) and matrix-

assisted laser desorption/ionization (MALDI, initially developed as a similar technique "Soft 

Laser Desorption (SLD)" by K. Tanaka for which a Nobel Prize was awarded and as MALDI by 

M. Karas and F. Hillenkamp). An important enhancement to the mass resolving and mass 

determining capabilities of mass spectrometry is using it in tandem with chromatographic and 

other separation techniques. 

Chromatography is a laboratory technique for the separation of a mixture. The mixture is 

dissolved in a fluid (gas, solvent, water, ...) called the mobile phase, which carries it through a 

system (a column, a capillary tube, a plate, or a sheet) on which is fixed a material called the 

stationary phase. The different constituents of the mixture have different affinities for the 

stationary phase. The different molecules stay longer or shorter on the stationary phase, 

depending on their interactions with its surface sites. So, they travel at different apparent 

velocities in the mobile fluid, causing them to separate. The separation is based on the 

differential partitioning between the mobile and the stationary phases. Subtle differences in a 

compound's partition coefficient result in differential retention on the stationary phase and thus 

affect the separation. 

Much proteomics data is collected with the help of high throughput technologies such as mass 

spectrometry and microarray. It would often take weeks or months to analyze the data and 



perform comparisons by hand. For this reason, biologists and chemists are collaborating with 

computer scientists and mathematicians to create programs and pipeline to computationally 

analyze the protein data. Using bioinformatics techniques, researchers are capable of faster 

analysis and data storage. A good place to find lists of current programs and databases is on the 

ExPASy bioinformatics resource portal. The applications of bioinformatics-based proteomics 

includes medicine, disease diagnosis, biomarker identification, and many more. 

Mass spectrometry and microarray produce peptide fragmentation information but do not give 

identification of specific proteins present in the original sample. Due to the lack of specific 

protein identification, past researchers were forced to decipher the peptide fragments themselves. 

However, there are currently programs available for protein identification. These programs take 

the peptide sequences output from mass spectrometry and microarray and return information 

about matching or similar proteins. This is done through algorithms implemented by the program 

which perform alignments with proteins from known databases such as UniProt and PROSITE 

to predict what proteins are in the sample with a degree of certainty. 

The biomolecular structure forms the 3D configuration of the protein. Understanding the 

protein's structure aids in identification of the protein's interactions and function. It used to be 

that the 3D structure of proteins could only be determined using X-ray crystallography and 

NMR spectroscopy. As of 2017, Cryo-electron microscopy is a leading technique, solving 

difficulties with crystallization (in X-ray crystallography) and conformational ambiguity (in 

NMR); resolution was 2.2Å as of 2015. Now, through bioinformatics, there are computer 

programs that can in some cases predict and model the structure of proteins. These programs use 

the chemical properties of amino acids and structural properties of known proteins to predict the 

3D model of sample proteins. This also allows scientists to model protein interactions on a larger 

scale. In addition, biomedical engineers are developing methods to factor in the flexibility of 

protein structures to make comparisons and predictions. 

Most programs available for protein analysis are not written for proteins that have undergone 

post-translational modifications. Some programs will accept post-translational modifications to 

aid in protein identification but then ignore the modification during further protein analysis. It is 

important to account for these modifications since they can affect the protein's structure. In turn, 

computational analysis of post-translational modifications has gained the attention of the 

scientific community. The current post-translational modification programs are only predictive. 

Chemists, biologists and computer scientists are working together to create and introduce new 

pipelines that allow for analysis of post-translational modifications that have been 

experimentally identified for their effect on the protein's structure and function. 

 

The questions for self - control: 

1. What are the “olygopeptides”, “polypeptides”, “proteins”, “proteome”, “proteomics”? 

2. Experimental methods of proteomics. 

3. Bioinformatical methods of protein research. 

4. Bioinformatical databases of protein information.  
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