Proteomics

Lecture lll — Proteins digestion and peptides
separation



l. 3. Protein Digestion for Peptide Generation

Depending on the presence or absence of the protein fractionation step, proteomic methods can be
grouped into two major types of approaches:

A. Methods that include a 8 . /_Tr,psm
protein fractionation step _® 9'8_, : :o’]—\‘ Y

1. Fractionation is performed in gels & v \
- gel-based proteomics. Proteins Peptide

2. Fractionation is achieved through
other methods (most commonly

chromatography) - gel-free Trlpsin
proteomics. _’?&& w | |
B. Shot-gun methods JJ/_i \ | [~
Proteins Peptides hihe Whothi (Lhudhi vews [fls

-

Protein
identification
using computers |

Regardless of the major approach used, one of the mandatory steps in a proteomic study is the
fragmentation of proteins into peptides.
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Why protein digestion is required in the first place?

Mass spectrometry instruments are currently capable of measuring the molecular masses of protein molecules.
Although this parameter is unique for each protein and should therefore be sufficient to identify it from a mixture,
in reality, this is not possible because:

1. Despite the very high precision of mass spectrometry instruments, they still have a certain degree of error. In the
molecular mass range of proteins, the accuracy of the instruments still does not allow the precise identification of
proteins with very similar masses;

2. not all proteins can be measured by mass spectrometry - membrane proteins or those of very large sizes do not
ionize properly;

.pmteomes ey
3. the sensitivity of measurements is reduced when using proteins of large sizes. s

A Critical Review of Bottom-Up Proteomics:
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Peptides, on the other hand, are significantly easier to analyze because:
1. Mass spectrometers have maximum precision in the peptide mass range;
2. They can be relatively easily sequenced.

In most proteomic methods, the extracted proteins are completely
cleaved into peptides, and then the peptides are sequenced. Based on the
amino acid sequence of the peptides, the original protein from which they
originate is identified. Because identification starts from peptides to
proteins, these methods are collectively referred to as bottom-up methods.
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l. 3. Protein Digestion for Peptide Generation

Proteins can be converted into peptides through a process of hydrolysis of a limited number of peptide bonds.
Peptide bond hydrolysis can be achieved :

A. Chemically - by exposure to strong acids (e.g., HCl). Most commonly, hydrolysis occurs completely, releasing
amino acids, which is why it has limited application in proteomics.
B. Enzymatically - by using proteases — the go to method for proteomics.

Proteases, also called peptidases or proteinases, are enzymes that catalyze the cleavage of peptide bonds
with the involvement of a water molecule. Depending on the nature of the molecule involved in the reaction
mechanism, proteases are classified into:

1. Serine proteases, or serine endopeptidases, have three amino acids involved in catalysis in active site forming a
catalytic triad - a basic amino acid (His), a dicarboxylic acid (Asp or Glu), and a strongly nucleophilic amino acid -
serine. The latter initiates the nucleophilic attack on the peptide bond. Examples include chymotrypsin, trypsin,
and subtilisin;

2. Cysteine proteases, or thiol proteases, have a catalytic triad, but serine is replaced by cysteine. Ex: papain;

3. Threonine proteases have a catalytic triad, but serine is replaced by threonine. Ex: proteases domains from the
inside the proteasome;

4. Aspartate proteases - catalysis is performed by an aspartic acid residue, no catalytic triad. For example, pepsin;
5. Glutamate proteases - catalysis is performed by a glutamic acid residue, no catalytic triad;

6. Metalloproteases - a metal ion is found in the catalytic site and is involved in catalysis;

7. Asparagine-peptide lyases - are a group of enzymes that contain an active site with an Asp residue involved in
catalysis, but the actual reaction mechanism does not involve any water molecules.
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|. 3. Digestia proteinelor pentru generarea de peptide

Proteases are promiscuous enzymes - can hydrolyse a wide range of different protein molecules,
regardless of the amino acid sequence. However, the peptide bond cleavage itself is highly specific -
proteases recognize a specific amino acid within the amino acid sequence and hydrolyze the peptide
bond either before or after it. These properties are extremely useful in proteomic studies where all
proteins in the sample need to be hydrolysed to generate peptides, in a sequence-independent
manner..

Trypsin /K=, /R, \P
Chymotrypsin /W=, /Y-, [F-,\P
Glu C (V8 protease) /E-, /D*-, \P
Lys C /K-, \P

Asp N /D-

The most frequently used proteases in protemics studies are:
A. Trypsin - is by far the most used enzyme in proteomics because it can be obtained in large quantities relatively
inexpensively from the pancreas of pigs or cattle;
- hydrolyses the peptide bond before a Lys (K) or Arg (R) residue if they are not followed by a Pro (P) residue.
Due to this fact, trypsin action generates a large number of peptides from a protein molecule. The high frequency
of the amino acids K and P generally results in a 50 kDa protein generating 30 peptides through trypsin action.

B. Glu-C (protease V8) - is an endoproteinase whose substrate specificity changes depending on the reaction
conditions:
- In ammonium-based buffer solutions, the enzyme hydrolyses the peptide bond before a glutamate residue;
- In phosphate-based buffer solutions, the enzyme hydrolyses before Glu and Asp.
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|. 3. Digestia proteinelor pentru generarea de peptide

Proteins fractions can be digested either in solution or, in the case where fractionation has been performed via

electrophoresis, directly in gels. Most commonly, the gel is cut into pieces and treated with trypsin. By hydrolyzing
the proteins from the gel fragment, peptides are generated, which additionally have the advantage that they can be

very easily extracted or eluted from the gel (they are significantly smaller than the proteins and are no longer
_retained by the gel pores).
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Fig. 1. Schematic representation of in-gel digestion.
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|. 4. Peptides fractionation

Regardless whether the proteins in the sample are fractionated or not, the number of peptides resulting from
enzymatic hydrolysis is still too large to be exhaustively analyzed and sequenced by today's mass spectrometers.
Therefore, an additional step of peptide fractionation is required, which is carried out in a chromatographic system
similar to the one described earlier.

Traditionally, peptides are separated by reverse-phase chromatography using chromatographic columns where
the stationary phase is attached to inert silica beads with dimensions of 1.8-5 pum. The mobile phase is pumped
through the chromatographic column at a flow rate of 0.1-10 ml/min, and the liquid is forced to pass through the
narrow spaces between the beads, creating pressure inside the chromatographic system. For this reason, the
separation technique is called HPLC - high-pressure liquid chromatography. Although the term has become almost
synonymous with peptide separation, HPLC refers to all chromatographic separations using a liquid mobile phase (LC-
liguid chromatography, as opposed to GC - gas chromatography) where the operating pressure is high.

Basic principles for peptide separation using RP-HPLC:
- The stationary phase consists of hydrophobic molecules - alkyl chains (-

CH2-, alkanes, or hydrocarbons with various degrees of unsaturation) ‘:’ CH, CH, CH,  CH,
ranging in length from 2 to 18 carbon atoms. The most commonly used are e M S B
denoted as C2-C18. __OH 0

- The mobile phase consists of a variable mixture of a polar solvent such as _Si_o_\_“_ oH,
water (aqueous solvent) and a nonpolar, organic one (acetonitrile, ACN, o
or methanol, MeOH - organic solvent). At the beginning of the separation, ST L E T Y
the ratio is favorable to water, with the mobile phase predominantly polar; \\ d
at the end of the separation, the ratio is favorable to the nonpolar solvent. Si_o_%{_C{H’\CéHz\céHz\c,fH"
The change in the ratio between the two solvents is automated by the 0

chromatographic system in two different ways:
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|. 4. Peptides fractionation

A. As a continuous concentration gradient;

B. As stepwise changes in concentration;

- The peptide mixture is injected into the column in the presence of
the polar, aqueous mobile phase, causing the hydrophobic amino
acids in the peptide structure to interact with the hydrophobic C18
chains and be retained by the stationary phase;

- As the concentration of organic solvent increases, the hydrophobic
interactions between peptides and the hydrophobic chains of the
stationary phase decrease, and the peptides are fractionated from
the chromatographic column based on sequence: peptides with few
hydrophobic amino acids at low concentrations of polar solvent,
those with a large number of hydrophobic amino acids towards the
end, at high concentrations of polar solvent. The process by which
peptides are removed from the chromatographic column by
modifying a physicochemical parameter (in this case, the polarity of
the solvent) is called elution.

- The peptides eluted from the chromatographic column are
recorded by the detector as signals or peaks.
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- Most commonly, in RP-HPLC, the detector is a UV-VIS spectrometer, and peptides are detected at 214nm;
The short time from sample injection into the chromatographic column to the elution of a peptide is recorded and
is called retention time. The intensity of the signal from the detector, represented by the peak height, is strictly

proportional to the concentration of the eluted peptide.
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|. 4. Peptides fractionation

Traditional HPLC systems operate at flow rates of 0.1-10 ml/minute, and because of this, they cannot be
directly connected to mass spectrometers - the amount of solvent is too high and cannot be evaporated quickly
enough for the peptides to ionize. Additionally, columns in traditional HPLC have a large diameter (4.6 mm most
commonly), which results in sample dilution following separation, making it undetectable by MS instruments.

Fractionation of peptides in proteomic experiments is carried out using
nano-HPLC systems, which operate on the same principles as traditional
HPLC systems but:

- operate at much lower flow rates, typically in the range of nanoliters per
minute (most frequently 200-350 nL/min), compared to milliliters per
minute (mL/min) for traditional HPLC. This reduces solvent consumption
and allows for more efficient coupling with mass spectrometers;

- use columns with smaller internal diameters, often in the range of 75-300
um, compared to the larger diameters used in traditional HPLC.

- the elution of peptide peaks occurs in a volume of approximately 100 nL,
a volume that can be easily evaporated to ionize the contained peptides.
This reduces sample dilution and improves sensitivity, making the eluted
peptides more suitable for detection by mass spectrometers.

- are often coupled directly to mass spectrometers, allowing for online
analysis of the eluted peptides. This eliminates the need for sample
transfer and minimizes sample losses, resulting in improved analytical
sensitivity and throughput.
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