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SEM VI BOTANY 

DSE4T: Analytical Techniques in Plant Sciences 

Unit- 6: Characterization of proteins and nucleic acids 

 
Mass Spectrometry 

 

Mass Spectrometry is an analytic technique that utilizes the degree of deflection of charged 

particles by a magnetic field to find the relative masses of molecular ions and fragments. It is 

a powerful method because it provides a great deal of information and can be conducted on 

tiny samples. Mass spectrometry has a number of applications in organic chemistry, including: 

- Determining molecular mass. 

- Finding out the structure of an unknown substance. 

- “Verifying the identity and purity of a known substance” 

- Providing data on isotopic abundance. 

Mass spectrometry is an important method for the accurate mass determination and 

characterization of proteins, and a variety of methods and instrumentations have been 

developed for its many uses. Its applications include the identification of proteins and their 

post-translational modifications, the elucidation of protein complexes, their subunits and 

functional interactions, as well as the global measurement of proteins in proteomics. It can also 

be used to localize proteins to the various organelles, and determine the interactions between 

different proteins as well as with membrane lipids. 

Principle 

The principle of mass spectrometry is based on Newton’s second law of motion and 

momentum, the ionization of sample molecules into positive (+ve) state and separating them 

under the influence of electric and magnetic fields. This occurs in two steps as- 

1. Ionization of molecules 

2. Separation of positively charged ions 

Ionization of molecules: The sample molecules are bombarded with high energy electron 

beams with 70ev. Due to this, an electron is knocked out from each molecule leading to the 

formation of +ve charged ions. 

Separation of positively charged ions: The +ve charged fragments formed in the previous step 

are now subjected to positive potential leading repulsion. The +ve charged fragments get 

repelled and travel with high speed in a straight path. 

Now either an electric field or magnetic field is applied so that the +ve charged molecular 

fragments travel in a curved path instead of a straight line. 

However, when they take a curved path with high velocity, the fragments with taking different 

path lengths due to differences in radius of curvature. This difference in the radius of curvature 

is dependent on the mass size of the fragment. 

Mass Spectrometry Instrumentation: 

The four main parts of mass spectrometry are discussed below: 

1. Ionizer – The bombarding of the sample is done by the electrons. These electrons move 

between cathode and anode. When the sample passes through the electron stream between the 

cathode and anode, electrons with high energy knock electrons out of the sample and form ions. 

2. Accelerator – The ions placed between a set of charged parallel plates get attracted to one 

plate and repel from the other plate. The acceleration speed can be controlled by adjusting the 

charge on the plates. 

3. Deflector – Magnetic field deflects ions based on its charge and mass. If an ion is heavy or 

has two or more positive charges, then it is least deflected. If an ion is light or has one positive 

charge, then it is deflected the most. 
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4. Detector – The ions with correct charge and mass move to the detector. the ratio of mass to 

charge is analyzed through the ion that hits the detector. 
 

 

How does Mass Spectrometry Work? 

Step 1: The sample is vaporized, and then ionized by being bombarded by a beam of high 

energy electrons (usually at 70 eV). The electron beam knocks out an electron from the 

molecule of the injected sample, creating a molecular ion (which is also a radical cation because 

it has an unpaired electron and a positive charge). Losing an electron weakens the bond, while 

the collision gives it extra kinetic energy. These factors make it more likely for the molecular 

ion to break into fragments as it travels through the mass spectrometer. 

Step 2: There is a pair of oppositely charged plates in the ionization chamber. The positively 

charged one causes the positively charged radical cation to accelerate into an analyzer tube. 

Step 3: The analyzer tube is surrounded by a curved magnetic field, which causes the path of 

the radical cation to be deflected in proportion to its mass-to-charge ratio (m/z). The flight path 

of the ion depends on its molecular mass, its charge, and the strength of the magnetic field. 

Thus, at a given magnetic field strength, ions of only one specific mass collide with the detector 

and are recorded. 

Step 4: The strength of the magnetic field is varied in increments to produce a mass 

spectrum, which is a plot of m/z (on the x axis) against relative abundance (on the y axis). If 

we assume that all ions have a charge of +1, then the peaks give the mass ratios and their 

heights give the proportions of ions of different masses. 

Mass Spectrometry Based Proteomics 

Mass spectrometry relies on molecules being converted into ions in the gas-phase. Large polar 

biomolecules, such as proteins and peptides, are involatile, and to overcome this problem two 

ionization techniques were developed: Electrospray Ionization (ESI) and Matrix-Assisted 

Laser Desorption Ionization (MALDI). 
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Matrix-Assisted Laser Desorption 

Ionization (MALDI) 

In MALDI, there is a mixture of two different 

substances: the matrix and the analyte. The 

analyte is the substance of interest that needs 

to be ionized. The matrix is a substance that 

surrounds the analyte and assists in the 

ionization process. The matrix and the 

analyte are mixed together, usually in the 

liquid phase. The mixture is added, drop 

wise, to a metal plate. The solvent isallowed 

to evaporate, and the matrix crystallizes 

(forms a solid) around the analyte. The metal 

plate (which is usually stainless steel) is 

inserted in the instrument. A laser is shot at 

the sample, and ionization of the analyte is 

promoted. The ions travel through the 

instrument, and a mass spectrum isrecorded. 

There are a variety of different types of matrix molecules; usually it is a small, organic acid. 

One of the most common matrices is called α-cyano-4-hydroxycinnamic acid. 

It is widely understood that the matrix promotes the ionization of the analyte. Also, for the 

most part, only singly charged ions are formed in MALDI. Many times, the most common ion 

is an analyte molecule with an added or removed proton. We call this the molecular ion. A 

protonated ion is designated with the symbol [M+H]+. A deprotonated molecular ion is 

symbolized with [M-H]-. The exact mechanism of ionization is still a mystery. It has been 

theorized that the matrix molecules donate protons to the analyte molecules to form the positive 

ions. 
 

Fig. MS ionization sources: (a) Electrospray Ionization (ESI) and (b)Matrix-assisted laser 

desorption ionization (MALDI) 
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Sample introduction 

Direct insertion probe. 

Continuous-flow introduction. 

Benefits 

Rapid and convenient molecular weight determination. 

Limitations 

MS/MS difficult. 

Requires a mass analyzer that is compatible with pulsed ionization techniques. 

Not easily compatible with Laser capture (LC)/MS. 

Mass range 

Very high Typically less than 500,000 Da. 

Electrospray Ionization (ESI) 

Electrospray ionization, or ESI, has a very different ionization process than MALDI. The 

analyte to be studied is dissolved in a solvent, such as an acid in aqueous solution. Ions are 

formed in the solution, many times protonated by the acid. This mixture is pushed through a 

small syringe, and it evaporates as it leaves the tip. Essentially, the syringe acts as an aerosol, 

and the liquid is sprayed into the instrument. Tiny droplets are injected into the instrument, an 

inert gas, such as nitrogen gas, flows over the droplets. This gas is called a bath gas. The 

solvent evaporates, and the bath gas keeps the analyte molecules cool. Since these molecules 

are charged (and all should have the same sign), they repel each other. Eventually, the solvent 

is completely evaporated, and the analyte molecules burst and fly apart from each other. 

At this point, the analyte molecules travel through the rest of the instrument, and are detected. 

A mass spectrum is produced, which records the percent abundance versus the mass to charge 

ratio. 

Now here is where a difference lies between ESI and MALDI. In MALDI, primarily singly 

changed ions are formed. In ESI, multiply charged ions are formed. Therefore, a doubly 

protonated molecule would have z=2 and the symbol for it would be [M+2H]2+. 

Electrospray ionization can produce multiply charged ions with the number of charges tending 

to increase as the molecular weight increases. The number of charges on a given ionic species 

must be determined by methods such as: 

Comparing two charge states that differ by one charge and solving simultaneous equations. 

Looking for species that have the same charge but different adduct masses. 

Examining the mass-to-charge ratios for resolved isotopic clusters. 

Sample introduction 

Flow injection. 

LC/MS. 

Typical flow rates are less than 1 microliter per minute up to about a millilitre per minute. 

Benefits 

Good for charged, polar or basic compounds. 

Permits the detection of high-mass compounds at mass-to-charge ratios that are easily 

determined by most mass spectrometers (m/z typically less than 2000 to 3000). 

Best method for analyzing multiply charged compounds. 

Very low chemical background leads to excellent detection limits. 

Can control presence or absence of fragmentation by controlling the interface lens potentials. 

Compatible with MS/MS methods. 
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Limitations 

Multiply charged species require interpretation and mathematical transformation (can 

sometimes be difficult). 

Complementary to Atmospheric Pressure Chemical Ionization (APCI). No good for 

uncharged, non-basic, low-polarity compounds (e.g. steroids). 

Very sensitive to contaminants such as alkali metals or basic compounds. 

Relatively low ion currents. 

Relatively complex hardware compared to other ion sources. 

Mass range 

Low-high Typically less than 200,000 D. 

 
Frequently Asked Questions 

What is the basic principle of mass spectrometry? 

A mass spectrometer generates multiple ions from the sample being investigated, then separates 

them by their specific mass-to-charge ratio (m/z) and then records the relative abundance of 

each type of ion. 

What are the applications of mass spectrometry? 

Mass spectrometry is a powerful technique with many different applications in biology, 

chemistry, and physics, but also in clinical medicine and even in space exploration. It is used 

by separating molecular ions on the basis of their mass and charge to determine the molecular 

weight of compounds. 

What is mass accuracy in mass spectrometry? 

Mass precision is a metric that defines the difference between an ion’s measured mass/charge 

(m/Q) and that ion’s true, exact m/Q. The DAQ records mass accuracy in parts per million 

(ppm) for each of the three input calibration ions. 

Is mass spectrometry quantitative or qualitative? 

Design and application of mass spectrometry in biological fluids, tissues, species or cells for 

the qualitative and quantitative study of low molecular compounds and macromolecules. 

What is unit mass resolution? 

Unit resolution means that the next integer mass can be separated from each volume. That is, 

mass 50 can be distinguished from mass 51, and mass 1000 from mass 1001 can be 

distinguished. This concept is widely used to describe resolution on mass spectrometers of 

quadrupole and ion trap. 

What is the disadvantage of mass spectrometry? 

One disadvantage of mass spectrometry is over hydrocarbons. The method fails to distinguish 

between hydrocarbons producing similarly fragmented ions. 

What is Mass Spectrum 

A mass spectrum is a graph obtained by performing mass spectrometry. It is a relation between 

the mass to charge ratio and ion signal. 


