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Overview

• Mass spectrometry of proteins

– Applications

• Mass spectrometry of peptides

– Application

– Fragmentation

• Mass spectrometry of small molecules

– Glycans, amino acids, chemotherapeutics

• MS fingerprint of bacteria

Anna-Lina Hahn
1. Natural rubber latex has been increasingly used in variety of medical devices. But: NRL can induce allergic reactions : Identification and analysis of latex proteins that are allergenic is very important

2. Manufacturer of medical devices are required to control their manufacturing process in such a way that no biological contaminants remain in the final products. If e.g. enzymes are used to manufacture bone implants the removal of the enzyme needs to be proven -> analysis 
… will be uploaded�



Mass spectrometry of proteins
Determination of the intact protein molecular mass from 
multiple-charge electrospray mass spectra 1

(m/z) = value measured by the mass spectrometer (known) 

M = molecular mass of the protein (unknown)

z = charge of the protein (unknown)

M[H] is the rel. mass of a proton = 0.99862349 (~1)

Two adjacent peaks in the spectrum of a protein have (m/z)1 and (m/z)2 where



z1 = z2+1
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Mass spectrometry of proteins
Determination of the intact protein molecular mass from 
multiple-charge electrospray mass spectra 2

http://www.sepscience.com/Information/Archive/MS-Solutions/247-/MS-Solutions-16-Determination-of-Intact-
Protein-Molecular-Mass--from-MultipleCharge-Electrospray-Mass-Spectra

z1 = z2+1 for adjacent m/z peaks



Mass spectrometry of proteins
ESI spectrum of the light chain of an antibody (25 kDa)
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Anna-Lina Hahn
charge deconvulution z=… �
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Mass spectrometry of proteins
Determination of the intact protein molecular mass 
from isotopically resolved mass spectra 
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All peaks have the same charge! 
They differ in the amount of carbon atoms with mass 13.

ΔM(C13-C12)= 1



'23428.5130 (Δm = - 0.5 ppm) monoisotopic mass
23442.74 average mass
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Mass spectrometry of proteins
Exact mass; modifications: deconvoluted spectrum

• Isotopical resolution of Ab LC with FT-ICR, Orbitrap and modern Q-
TOF instruments

•  monoisotopic mass can be determined
• Deamidation (Δm = 1 Da) can be detected at the level of light chain !

Real modifications?
Method artifacts?
Mixture of light chains?

Anna-Lina Hahn
differences in the peak… e.g. amoniak loss/gain弁

Anna-Lina Hahn
singel isotopic peaks
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Mass spectrometry of proteins:
ESI spectrum heavy chain of an antibody (50 kDa)

Signal density shows a highly charged protein.
~ 50 charges per molecule 
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Mass spectrometry of proteins
Charge deconvoluted heavy chain of an antibody

Anna-Lina Hahn
no isotopic resolution, charge state is 50 



Mass spectrometry of proteins
Detection of protein degradation

• ~ 30% oxidation of the heavy chain & and a slight increase in LC-17 
Da  for the light chain after storage for 6 weeks at 40 °C in histidine 
formulation
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Anna-Lina Hahn
modification of heavy chain

Anna-Lina Hahn
loss of ammoniak



Mass spectrometry of proteins
Determination of glycosylation
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Glycans may have an impact
on solubility, immunogenicity,
or pharmacokinetics of a protein
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Example for the data interpretation

of ESI spectra of peptides with

different chargees

ESI Mass spectrometry of peptide mixtures 
Direct infusion into mass spec 



31-OCT-2005Gag supermatrix25, aliquoted 01-09-2005
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EIC = Extracted ion chromatogram

Only one m/z is displayed

ESI mass spectrometry of peptide mixtures 
HPLC separation prior to mass spec detection

TIC = total ion chromatogram
All m/z signals recorded at a given time
are summed up

HPLC-ESI-MS analysis enables the 

identification of peptides by 

retentiontime an molecular mass

Mass spectrum at a 
given retention time



To complex ??

=> MS/MS based structure
elucidation

ESI mass spectrometry of peptide mixtures



=> Structure elucidation by mass spectrometry

Mass/Charge
Separation

Fragmentation

Instrument with MS-MS capability

Mass/Charge
Separation

Ionization
Ion

detector

Tandem mass spectrometer
Fragmentation of molecular ion



Fragmentation – Principle
Triple quadrupole instruments

Quadrupole 1

MS1 Fragmentation
cell

Quadrupole 3

MS2

ScanningCIDStatic

Quadrupole 2

„Ion filter“ „Ionseparator“

CID:collission induced dissociation

Anna-Lina Hahn
increase gas, gas + biomolecule collide and biomolecule gets fragmented



Fragmentation – Principle
Linear ion trap – fragmentation MSn

CID:collission induced dissociation
Fragmentation gas, e.g. nitrogen, helium,  



Fragmentation – Principle
Fragmentation of peptides by CID

x2 y2 z2 x1 y1 z1

a2 b2 c2 a3 b3 c3

x3 y3 z3

a1 b1 c1

Nomenklatur Roepstorff , P,  Fohlmann, J., 1984, Biomed. Mass Spectrom. 11 (11): 601.

N-terminal 

ai,bi,ci

i: number amino

acids in fragment

C-terminal 

xi,yi,zi

i: number amino

acids in fragment
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Remind: a = „amino terminus“
z  = „C terminus“

Anna-Lina Hahn
homogeneous 
fraction, probabilities are equal�



Fragmentation – Principle
Peptide fragments (low energy MSMS)



Product Ion Scan
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Attention: The fragmentation of multiply charged ions produces fragments with higher m/z ratio then the 

precursor ion showed

Fragmentation – Principle
Peptide fragments (low energy MSMS)

Anna-Lina Hahn
fragment ion spectrum



Fragmentation – Example
Peptide fragments (low energy MSMS)

MS spectrum
singly charged
chemical background
triply charged peptide ion

MS/MS spectrum

High mass range only
contains fragment ions 
originating from peptide
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Fragmentation – Example
Peptide fragments (low energy MSMS)

MS spectrum

MS/MS spectrum of m/z 785.7

Anna-Lina Hahn
difference 0.5 -> charge = 2

Anna-Lina Hahn
Exam: know charge + mass of spectrum (below)
difference between mono average isotopic peaks(?)
two kinds of ionization
뺭



200 400 600 800 1000 1200 1400 1600
m/z0

100

%

y''6;684.2

y''4
480.2

y''3
333.2

b2
EG

NEE 2+
187.2

y''1
175.2

169.2

497.1

612.1

y''7
813.1

685.2

740.1

y''9
1056.0

y''8
942.1

924.1

943.1

y''11
1284.9

y''10;1171.0 y''11
1285.9

1286.9

1288.9

1452.9
1628.2

23

2
4.

F GF E E N D NDm1 Dm2

M
=

15
69

,7
 D

a

H2N- EGVNDNEEGFFSAR-OHElternion 785,7 Da, [M+2 H] 2+

Fragmentation – Example
Identification by MS/MS – peptide sequence tag



E  G F E  E N  D N

 Molecular weight of the peptide (monoisotopic masse)   (MW)

 Part of the sequence (Sequence Tag)                              (region 2)

 Mass fragment of the N-terminus (region 1)

 Mass fragment of the C-Terminus                                     (region 3)

Sequence Tag = 4 informations for the protein identification using databases 

Peptide measured molecular wt = 1569.7

1284,9
Partial Sequence

333.2

Region 1

Sequence Tag (333.2)     E G F E E N D N         (1284.9)

Region 2 Region 3

Region 1

Fragmentation –Identification
Identification by MS/MS – peptide sequence tag



Identification of a protein using a sequence tag 

Anna-Lina Hahn
identified protein in sample
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Fragmentation – identification of modifications
LC-MS examples: site specific ID of non enzymatic 
glycation
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Mass spectrometry of chemotherapeutics
Application: off-line monitoring of Oxaliplatin
during chemotherapeutic treatment

Isotope 
Natural
abundance 

190Pt 0,014 % 

192Pt 0,782 % 

194Pt 32,967 % 

195Pt 33,832 % 

196Pt 25,242 % 

198Pt 7,163 % 



Mass spectrometry based identification of 
microorganisms using their molecular 
fingerprint (MALDI Biotyper)

Workflow:
1. Applying a small amount
of biological material directly 

On a MALDI target plate
in a thin film

2. The thin microbial film is
overlaid with 2 μl of a 

saturated acid matrix
Solution
3. Mass spectra are acquired
between 2000 and 20 000

Da in positive mode
4. Identification of bacteria, 
yeast, fungi by using
the proteomics fingerprint

and peak-matching /
multivariat analysis.



Mass spectrometry based identification of 
microorganisms using their molecular 
fingerprint (MALDI Biotyper)

Advantages of the MS-based ID:

-no initial assessment like gram staining,
oxidase test of unknown samples

or choice of PCR primers
Faster than PCR or metabolic pathway
Analysis
-Generic experimental setup
- robust method, minimal sample
preparation

Applications:
- clinical routine monitoring,
- environmental & taxonomical research,
- food processing quality control



Mass Spectrometry:

 can measure multiple analytes with high sensitivity

 often faster and cheaper than other methods

Hot topics (applications):

 Endocrines & Biomarkers:

 vitamin D, steroids, testosterons

 Therapeutic drug monitoring

 Immunosuppresants, pain panel drugs,…

 Inborn errors of metabolisms

 newborn blood spot analysis: acyl carnitines, amino acids,…

 Toxicology research:

 Drugs of abuse, opiates, barbiturates, amphetamines…..

Summary: 
Mass Spectrometry in the Clinics


