
ESI-MS of horse heart myoglobin To deconvolute the myoglobin mass,
1. Calculate the charge 

zn = !!"#"#.%%&'
!!"!!"#

2. Calculate the mass of each ion
3. Average them with deviation

myoglobin MW = 16952.7 ± 0.87 Da

MALDI-MS of horse heart myoglobin

m/z=m+z
z

myoglobin MW = 16953.6 – 1 = 16952.6 Da

Multiple charged ions 

Singly charged ions 

MS basics: Review



For a singly protonated peptide, 

Peptides Fragment by CID: Review

Singly charged N term ion (+H+) and neutral C-term

Neutral N term and Singly charged C-term ion (+H+)

From Wysocki et al., J. Mass Spectrom. (2000) 35:1399

For a doubly protonated peptide, both N- and C-terminal fragments can 
be generated from a single dissociate event.

Or



Fragmentation Results in a Peptide “Ladder”



Mass Spectrum (Assignment of b- and y-ions): 
Review

https://www.researchgate.net/profile/Rebecca-Levin-2/publication/49660823/figure/fig2/AS:214315966701573@1428108316420/Tandem-mass- 
spectrometry-MS-MS-spectrum-of-labeled-lysine-peptide-MS-MS-of-the-H3.png

The mass of the precursor is 1454.764 

the observed ion was doubly charged
728.382 x 2 - 2 = 1454.764 Da

• Mixture of b ions and y ions
• MS/MS of 2+ charged tryptic 

peptides yield (often) 1+ charged 
product ions (but 2+ charged 
products can be observed as well)

• Not all b ions or y ions are visible
Difference= 147.12 
Phenylalanine (F)



Mass of y-ions = Σ (residue masses) + 19 (OH + H +H+)
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Complementary b/y Ion Pairs

(M+H)+ 533.220

GVN or NVG

Mw = 532.220 Da



Calculate the 
Terminal Residues

130.049

400.183

404.177
134.044

130.049 – 1 = 129.049       E on N terminus
134.044 – 19 = 115.044     D on C terminus

(M+H)+ 533.220

M - yn-1 ion + 1 = mass of 1st residue on N terminus

 M- bn-1 ion - 17 = mass of 1st residue on C terminus

532.220 – (404.177-2) -1 = 129.043     E on N terminus    
532.220 – 400.183 – 17 (OH) = 115.037     D on C terminus

b1, y1, bn-1, yn-1 



Calculate the 
Terminal Residues

130.049

400.183

404.177
134.044

130.049 – 1 = 129.049       E on N terminus
134.044 – 19 = 115.044     D on C terminus

(M+H)+ 533.220

M - yn-1 ion + 1 = mass of 1st residue on N terminus

 M- bn-1 ion - 17 = mass of 1st residue on C terminus

532.220 – (404.177-2) -1 = 129.043     E on N terminus    
532.220 – 400.183 – 17 (OH) = 115.037     D on C terminus

b1, y1, bn-1, yn-1 

bn-1
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∆mass and 
Complementary 
b/y Ion Pairs

(M+H)+ 533.220 b4

y4
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y1
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b3y2 y3



Summary of Peptide Mass Calculation
• Mass of b-ions = Σ (residue masses) + 1 (H+)

• Mass of y-ions = Σ (residue masses) + 19 (OH + H + H+)

• M - yn-1 ion + 1 = mass of 1st residue on N terminus

•  M- bn-1 ion - 17 = mass of 1st residue on C terminus

• Mass of a-ions = mass of b-ions – 28 (CO)

• Ser-, Thr-, Asp- and Glu-containing ions generate neutral molecular loss of water (-18).

• Asn-, Gln-, Lys-, Arg-containing ions generate neutral molecular loss of ammonia (-17).

• A complementary b-y ion pair can be observed in multiply charged ions spectra. 

• For this b-y ion pair, the sum of their subscripts is equal to the total number of amino acid residues 
in the unknown peptide.



By Huimin Zhong - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=38953363By Huimin Zhong - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=38953364

Mass of b2 ions (+1) in peptide fragmentation
Mass of amino acid fragment ion
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1091.53

[M+H]+ = 1464.7693
So, Mw = 1463.7693 Da

• First look at the dominant peak that below the mass.
• M - yn-1 ion + 1 = mass of 1st residue on N terminus
• M- bn-1 ion - 17 = mass of 1st residue on C terminus

I/L-

CCM : Cysteine with 
Carboxymethyl (58.01)

1) 1463.7693 – 1351.69 + 1 = 113.0793, which is the mass of I/L. SO 1351.69 
m/z represents an yn-1 ion and I/L is the N terminus residue. 



[M+H]+ = 1464.7693
So, Mw = 1463.7693 Da

• Amino acid sequence can be deduced by the ∆mass between adjacent y ion 
peaks or adjacent b ion peaks

2) ∆m/z = 1351.69– 1238.61 = 113.08, which is the mass of I/L.
3) See below…… 

I/L-I/L

CCM : Cysteine with 
Carboxymethyl (58.01)

1091.53
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1091.53

4) 275.21 m/z is probably the y2 ion with 2 residues. Because it is an y ion, so the 
mass of two residues = y2 – 19 = 256.21, which are the sum of K and K.
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b2 b5

b10
1091.53

• Then to verify the high mass y ion assignments, we look for the complimentary low mass b ions.

• We may not be able to see b1. Usually, we will start by looking for b2.

1) 227.18 > 186.07932 (W), SO the first ion on the left is a b2 ion. So the first two residues 
are I/L-I/L. 

2) 500.21-227.18 = 273.03 = E+S+G
3) 1091.53 – 500.21 = 591.32 = P+F+V+S+CCM

I/L-I/L-E-S-G-P-F-V-S-CCM-V-K-K

y2y3y4y5y6y7y8y9y10y11y12

b2 b5
b10



Are there easy ways to differentiate between 
fragment ions originating from the N terminus 
and C terminus of a peptide?
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Chemical Derivatization For Sequence Analysis

• Derivatization is a procedure that utilizes chemical reactions with 
covalent bond formation

• The aims of derivatization are:
• To enhance detection of one ion series
• To improve fragmentation yield
• To simplify data interpretation (for de novo sequencing)



• SPITC can generate 
sulfonation of peptides at 
the amino terminus

• SPITC selectively enhances 
detection of the y ion series

I. R. Leon´ et al. J. Mass Spectrom. 2007; 42: 781–792

SPITC

EJAQSBAJNR
1. SPITC (4-sulfophenylisothiocyanate)



2. Acetylation and DeuteroAcetylation

• It utilizes a mixture of acetic 
anhydride and deuterated 
acetic anhydride (1:1 v/v) in 
methanoic solution, which 
labels N terminal amino 
groups only.

3 Th

FGGFTGARKSA

[M+H]+ = 1140.6



3. 18O Labeling
• When the peptide was digested by some protease (e.g., trypsin), 

one H2O was added into the newly formed peptide termini. This 
water is taken from the solvent.
• When the solvent consists of a mixture of water containing 16O 

and 18O. This results in an incorporation of both 16O and 18O into 
the peptide.
• Thus, every peptide appears as a pair of peaks separated by 2 Th.
• After fragmentation, the MS/MS spectrum will show both single 

peaks (usually b ions) and single peak pairs (usually y ions).



Trypsin Digestion mechanism



18O Labeling



4. DAN (1,5-diaminonaphtalene)
• Serves as both a matrix in 

MALDI method and a 
reducing reagent for S-S 
bond.
• It is suitable for top-down 

proteomics
• c ion series is usually most 

abundant in the spectrum



Specific Amino Acids Modification During 
Sample Handling

• Reduction and Alkylation on Cys
• Routinely done prior to enzymatic digestion to break 

disulfide bonds, unfolding proteins to make them more 
susceptible to enzymatic cleavage

• Methionine is easily mono-oxidized (Met sulfoxide)

• Cyclization of N-terminal Glutamine (Q) and 
carboxamidomethyl-Cys

• Urea exposure can carbamylate N termini of 
protein/peptide and side chains of Lys

• etc.



Physiochemical Complications to Spectrum 
Interpretation
• Incomplete fragmentation
• Inconsistent intensity of fragment ion types
• Chemical or posttranslational modifications
• Isobaric  AAs 
• I = L
• K = Q

• Isobaric AA combinations
• GG = N
• GA = K = Q
• W = DA = VS

Schematic view of the function of MS-BLAST



LECTURE 3: BOTTOM-UP PROTEOMICS 
AND TOP-DOWN PROTEOMICS



Protein Analysis by Mass Spectrometry

• Bottom up: sequence fragments of larger proteins
• Proteins are cut into smaller pieces with enzymes (proteases). 
• Ion traps, triple quadrupoles, and hybrid instruments are ideal 

• Top Down: extract and identify intact proteins in images
• Intact protein mass measurement 
• Use high resolution MS (FTICR) 



Bottom-up Proteomics

Digest - enzyme
(e.g. trypsin)

Multi-dimensional
HPLC

Separation of peptides

Determine masses of intact peptides 
Perform MS/MS  fragmentation 

on each peptide as it elutes

Data Analysis

Reduction/
Alkylation

LC

MS1 @ t1

MS2

MS1 @ t2



Bottom-up Proteomics

Advantages

• The most mature and most widely 
used approach for protein 
identification and characterization
• Easier to analyze larger or 

hydrophobic proteins
• peptides have more uniform physico-

chemical properties, i.e., solubility, 
hydrophobicity. 
• Less sophisticated instrumentation 

and expertise

Disadvantages

• A low percentage coverage of the 
protein sequence
• A significant amount of information 

about PTMs and alternative splice 
variants is lost



Top-down Proteomics

• Characterize intact proteins from complex biological systems
• Most useful for single proteins or relatively simple mixture
• Proteins are typically ionized by ESI and trapped in FT-ICR or orbit trap 

mass spectrometer
• Fragmentation for tandem MS is accomplished by electron-capture 

dissociation (ECD) or electron-transfer dissociation (ETD) 
• ECD and ETD typically provide more uniform dissociation than conventional 

CID (collision induced dissociation), while preserving the labile modifications



Electron Capture Dissociation (ECD)
Electron Transfer Dissociation (ETD)

• Different mechanisms for fragmentation than CAD
• Free radical cleavage chemistries
• Ions can be fragmented more efficiently.
• Favors high charge states (+3 and higher)
• Efficient sequencing of peptides with PTMs



ETD Reaction Scheme

(Not amide bond)

produces primarily
c and z ions

The multiply charged ions interact with a low-energy electron beam in ECD. 



Electron Transfer Dissociation
(produces primarily c and z ions)

Anions are used as vehicles for delivery to multiply-protonated peptides in ion-trap mass spectrometry 

e-

Mikesh et al (2006) Biochem Biophys Acta 1764:1811-1822 – Review on ETD



ETD: No Cleavage at Proline

Even though the N-Ca bond is cleaved, no respective c and z fragments 
are formed since they stay connected via the Proline ring system.





Top-Down Proteomics

Advantages

• Complete protein sequence
• The ability to locate and characterize 

PTMs
• Protein isoforms determination
• Elimination of the time-consuming 

protein digestion

Disadvantages

• Expensive instruments
• Many proteins not soluble, and 

activation/fragmentation methods 
(ECT, ETD) not efficient.
• Not applicable to a large scale due to 

a lack of intact protein fractionation 
methods that are integrated with 
tandem MS



LECTURE 4: QUANTITATIVE MASS 
SPECTROMETRY-BASED PROTEOMICS



Quantitative Proteomics
• Quantitative proteomics aims at simultaneously quantitation of level 

differences between many proteins in different samples, not at 
measurement of their absolute concentrations.

• Mass spectrum records a 
whole bunch of m/z

• BUT MS intensity does 
NOT tell us peptide 
abundance directly.



Why does MS1 intensity not tell us peptide 
abundance directly?
• There is a poor correlation between the amount of a peptide and the MS 

intensity in a single MS spectrum

• Many factors affect the MS intensity:
• Peptide concentration
• Day to day and long-term instrument reproducibility
• Digestion efficiency
• Recovery during sample preparation
• Ionization efficiency
• Instantaneous matrix effects



Quantitation Techniques in Proteomics
• Electrophoretic techniques
• Mass spectrometric techniques



Electrophoretic Technique

• It is often difficult to obtain reproducible 
separations by standard 2D PAGE.
• Quantitative proteomics utilizes 

fluorescent dyes
• Ease of use
• High sensitivity (1 ng)
• Low background (not staining the gel)
• Compatibility with MS
• Broad range of linearity

• Differential gel electrophoresis (DIGE) is 
used in quantitative proteomics.

Zhou, Ge et al. Molecular & Cellular Proteomics 1 (2002): 117 - 123.

on one gel

Excited at 550 nm 
Emit at 570 nm

Excited at 649 nm 
Emit at 670 nm


