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Ion source Mass analyzers

Electrospray ionization (ESI) Quadrupole

Atmospheric pressure chemical ionization (APCI) Ion trap

Atmospheric pressure photoionization (APPI) Linear ion trap

Electron ionization Quadrupole-ion trap

Chemical ionization Time of flight

Nanospray ionization Double focussing magnetic sector

Spark ionization Radiofrequency mass analyzer

Thermospray ionization Fourier transformation mass analyzer

Field ionization Magnetic sector

Field desorption Ion cyclotron resonance mass analyzer

Fast atom bombardment Reversed geometry mass analyzer

Multiphoton ionization Hybrid

Plasma desorption Electronic sector

Laser desorption (MALDI, SELDI, infrared) Orbitrap

Corona discharge ionization



Mass ranges and sensitivities attainable using various ionization techniques

https://masspec.scripps.edu/mshistory/whatisms_details.php



Electrospray ionization





Simplified overview of the electrospray unit



Formation of adducts during electrospray ionization



Macromolecules have peak envelopes



Yan X et al. Mol Cell Proteom 3 (2004), 10.
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Yan X et al. Mol Cell Proteom 3 (2004), 10.



Matrix-assisted laser desorption ionization



MALDI-TOF has revolutionized the identification of microorganisms in
clinical and public health laboratories

Rodríguez-Sánchez B et al. Euro Surveill 2019;24:pii=1800193.



Matrix-assisted laser desorption ionization





Leopold J et al. Biomolecules 2018;8:173.



Types of MALDI matrices

• classical organic matrices

• most widely used:

• proteins - α-cyano-4-hydroxycinnamic acid (CHCA), sinapinic acid (SA)

• carbohydrates - 2,5-dihydroxybenzoic acid (DHB),

• lipids – CHCA, DHB

• liquid crystalline matrices

• inorganic matrices

• graphite





1. Quadrupole mass analyzers



Operating principle

• Applied voltages:

• fixed frequency oscillating RF voltage to generate harmonic ion trajectories

• DC voltage difference between poles which defines mass resolution

• DC offset voltage: defines axial ion energy



Types of tandem-in-space MS2 experiments



https://www.youtube.com/watch?v=vxshWngJ114

Screening neonates for inborn metabolic diseases

Samples are taken 48-72 h after birth

https://www.youtube.com/watch?v=vxshWngJ114


Targeted inborn disorders-I
• Disorders of amino acid metabolism

• Phenylketonuria (Phenylalanine acculumates, 1:17 000)

• Maple syrup disease (leucine, isoleucine and valine breakdown impaired, ketoacids
accumulate, 1:150 000))

• Tyrosinaemia types I and II (tyrosine accumulates, type I: 1:100 000)

• Citrullinaemia I (urea cycle affected, ammonia accumulates, 1:57 000)

• Arginosuccinate aciduria (urea cycle affected, ammonia accumulates, 1:70 000)

• Homocystinuria (methionine breakdown impaired, homocysteine and methionine
accumulate in plasma, 1:100 000)

• Fatty acid oxidation disorders

• Short-chain acyl-CoA dehydrogenase deficiency (SCAD)

• Middle-chain acyl-CoA dehydrogenase deficiency (MCAD)

• Long-chain hydroxyacyl-CoA dehydrogenase deficiency (LCHAD)

• Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD)

• Multiplex acyl-CoA dehydrogenase deficiency (MADD)

• Carnitine-palmitoyl transferase deficiency (CPT-I, CPT-II)

• Carnitine transport disorder (CT)



Targeted inborn disorders-II

• Disorders of organic acid metabolism

• Beta-ketothiolase deficiency

• Glutaric acidemia type 1

• Isovaleric acidemia

• Methylmalonic acidemia

• Propionic acidemia

• 3-hydroxy-3-methylglutaryl-CoA lyase deficiency

• 3-methylcrotonyl-CoA carboxylase deficiency

• Multiplex carboxylase deficiency

• Endocrine and other disorders

• Hypothyreosis

• Galactosemia

• Biotinidase deficiency



The intracellular processing of fatty acids

Short-chain fatty acid: C2-C5

Middle-chain fatty acid: C6-C13

Long-chain fatty acid: C14-



The intracellular processing of fatty acids

El-Gharbawy A et al. Pediatr Clin North Am 2018;65:317





El-Gharbawy A et al. Pediatr Clin North Am 2018;65:317



https://onlinelibrary.wiley.com/doi/epdf/10.1002/rcm.6856

+

https://onlinelibrary.wiley.com/doi/epdf/10.1002/rcm.6856




Assayed metabolites

• Amino acids with neutral loss scan m/z=102

• Ala, Asp, Glu, Leu, Met, Phe, Tyr, Val

• Amino acids and succinylacetone (SUAC) using multiple reaction monitoring

• Arg, Cit, Gly, Orn, Pro, SUAC

• Acylcarnitines and free carnitine using precursor scan of m/z=85

• Carnitine, C2-carnitine, C3-carnitine, C4-carnitine, C5-carnitine, C6DC-carnitine, C6-
carnitine, C8-carnitine, C10-carnitine, C12-carnitine, C14-carnitine, C16-carnitine, 
C17-carnitine



Sample preparation

• Punch out 3.2 mm dried blood spots into a 96-well plate

• add 200 µL internal standard mixture, agitate for 20 min

• transfer supernatant, evaporate to dryness

• add solution of derivatizing reagent, incubate

• evaporate to dryness

• add reconstitution solution, agitate briefly

• inject aliquot into the LC-MS/MS system



Analysis using LC-MS/MS

• HPLC: isocratic, flow-injection analysis is used (no analytical column)

• ionization: (+) ESI

• mass analyzer: triple quadrupole



C9H11NO2

165.2

m/z=166

m/z=172

m/z=166

m/z=172

phenylketonuria



Cowan T NeoREviews 2005;6:e539.



Diagnostic applications of the analysis of serum steroid profiles using LC-MS/MS

• Screening, diagnosis and therapy monitoring:

• Congenital adrenal hyperplasia

• 21-hydroxylase deficiency (CYP21A2)

• 11β-hydroxylase deficiency

• 17α-hydroxylase/17-20 lyase deficiency (CYP17A)

• 3β-hydroxysteroid dehydrogenase deficiency

• Congenital lipoid adrenal hyperplasia

• P450 oxydoreductase deficiency

• Cushing syndrome

• Primary/secondary adrenocortical insufficiency

• hyperaldosteronism

• adrenocortical tumors

• other functional changes in the HPA axis

• adverse effects of drug therapies

• Polycystic ovary syndrome





Pang S. Trends Endocrinol Metab 1998;9:82-6.

+ cortisone
+ 21-deoxycortisol
+ dihydrotestosterone
+ estriol

Laboratory parameters



Method in serum:

• sample preparation:

• 200 µL serum + 600 µL methanol containing internal standards

• vortex

• Dilute 400 µL with 400 µl water

• Apply to Strata-X solid phase extraction cartridge

• Wash with water-methanol 3:1

• Elute with acetonitrile-methanol 1:1

• Evaporate to dryness

• Reconstitute with 50 µL water-methanol 1:1

• analysis: LC-ESI(+)-MS/MS, run time: 2x6 min

• SP: C18 50x2.1 mm, 1.7 µm + biphenyl 50x2.1 mm, 1.7 µm

• MP: water (A), methanol (B), both containing 0.1% formic acid

• sample volume: 5 µL, 15 °C 

• FR: 0.33 mL/min

• CTO: 35 °C

• MS mode: MRM





Taylor DR et al. Clin Chem 2017;63:1836.
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Results of ACTH stimulation test in healthy girl (11y)
Analyte Concentration before ACTH stimulation Concentration after ACTH stimulation

aldosterone (ng/dL) <2.0 7.9

androstenedione (ng/dL) 120 120

DHEA (ng/dL) 315 483

DHEAS (µg/dL) <10 14

11-deoxycorticosterone (ng/dL) 6.4 24.7

11-deoxycortisol (ng/dL) 33.9 151

21-deoxycortisol (ng/dL) 9.7 48.2

dihydrotestosterone (ng/dL) 10.9 13.1

17α-hydroxypregnenolone (ng/dL) <30 103

17α-hydroxyprogesterone (ng/dL) 191 484

corticosterone (ng/dL) 100 1687

cortisol (µg/dL) 18.4 23.6

cortisone (µg/dL) 2.8 2.7

pregnenolone (ng/dL) <30 <30

progesterone (ng/dL) 56.7 127

testosterone (ng/dL) 45.4 33.0



Results of a dexamethasone suppression test (girl, 16y)
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Classical congenital adrenal hyperplasia (boy, 11y)
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Time-of-flight mass analyzers

𝑡 ~
𝑚

𝑞



Boesl U. Mass Spectrom Rev 2017; 36:86.



Quadrupole-time-of-flight mass analyzers

Resolution: >10,000

https://www.youtube.com/watch?v=W-DRL-V2Rkg



Clarke AE et al. Clin Microbiol
Rev 2013;26:547-603.



Ho YP, Reddy PM. Clin Chem 2010;56:525.



Calderaro A et al. Sci Rep 2014;4:6803.



Bizzini A, Greub G. Clin Microbiol Infect 2010;16:1614.





De San Román EG et al. Brain Struct Funct
2018;223:2767.



MALDI-Orbitrap MS



Orbitrap mass analyzer

Savaryn JP et al. Proteomics 2016;16:2435.



Ion trap mass analyzer

Concept of the Fourier transformation
of time series data



Orbitrap mass analyzer



https://www.youtube.com/watch?v=RsFsaCkVqxMhttps://assets.thermofisher.com/TFS-Assets/CMD/brochures/br-65448-ms-
orbitrap-exploris-480-br65448-en.pdf


