
Block Diagram of a Mass Spectrometer

Ion
Source

Mass Analyzer Detector

“High” Vacuum

Sample
In

Computer

400 600 800 1000 1200 1400 1600 1800
m/z

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e



Mechanism of Electrospray Ionization (ESI)
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ESI-MS Spectrum of Horse Apomyoglobin
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Identification of Peptide Sequences Using 
Tandem Mass Spectra and SEQUEST
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Data Dependant Acquisition

Is Intensity >

Threshold

Full Scan

380-2000 m/z

Isolate m/z and

Acquire MS/MS

Add Mass to

Mass List

Is Ion

Present In

Mass List

No

No

Yes

Yes

Yates et al. Anal Chem, 67, 1426 (1995)

Stahl et al. JASMS, 7, 532 (1996)



Proteomics: Traditional 

Technology

Characterize peptides by mass 
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Shotgun Characterization of Protein 
Mixtures

C. elegans

Extract Protein Mixture

Denature

Digest into Small Peptides



Measurement of Peptides by Microcapillary Liquid 
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Traditional Chromatography Column
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Peptides are loaded onto the column

and separated by liquid chromatography



Acquiring Mass Spectrometry Data of Peptides

• Peptides from the column are ionized 
and transmitted into the vacuum 
system using electrospray and 
trapped in the 2-dimensional ion trap

Microcapillary 

Column

2 kV 30 V
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• Peptides from the column are ionized 
and transmitted into the vacuum 
system using electrospray and trapped 
in the 2-dimensional ion trap

• Ions are selectively ejected radially by 
their m/z to produce a mass spectrum

• The instrument data-system 
automatically selects a m/z for further 
analysis

Selected m/z

Acquiring Mass Spectrometry Data of Peptides



Acquiring a Fragmentation Spectrum

• The trap is then refilled



• The trap is then refilled

• All ions are ejected from the trap 
except the predetermined m/z

• The energy of the isolated ion is 
increased resulting in collisions 
with the helium gas in the trap

Acquiring a Fragmentation Spectrum
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• The collisions with the helium 
molecules result in structure 
specific fragment ions

• The fragment ions are then 
selectively ejected to produce a 
tandem mass spectrum

Acquiring a Fragmentation Spectrum
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Review

1. Acquire mass spectrum

2. Select precursors for tandem mass spectrometry

3. Selectively isolate and fragment precursor ions.

4. Repeat for 3 different precursor ions

1 2 3 Tandem Mass Spectra of Peptides

1 to 2 Seconds per cycle



Spectrum Identification

Database: fasta file
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MS/MS spectra
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>MEKK1 (kinase)
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MS/MS spectra

TFAEILNPITWR

score = 0.3

Scan1 0.7 EGSSDEEVP…
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Scan1 0.2 ARFDLNNHD…

-------------------

Scan2 0.5 EDEESIRAV…

Scan2 0.2 WLGDDCFMV…

Scan2 0.1 IDRAAWKAV…

-------------------

Scan3 0.2 EITTRDMGN…

Scan3 0.1 GRNMCTAKL…

z = 2, m/z = 720.6

mass = 1441.2

















MudPIT

• 100 µm i.d. fuse silica

Link et al, Nat Biotech (1999)

Washburn, Wolters, Yates, Nat Biotech (2001) 
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Multidimensional Protein Identification 
Technology (MudPIT)

MudPIT Column
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HPLC
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2 kV RP-C18SCX 

HPLC

H2O MeCN NH4OAc

waste

• Step 1 – Reverse Phase Gradient

• Step 2 – Salt Pulse

• Step 3 – Reverse Phase Gradient

• Step 4 – Increase Salt Pulse

• Repeat

MudPIT



µLC/µLC/MS/MS of C. elegans Peptides
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MS/MS Spectra: 280290

Peptides Identified: 2753

Proteins Identified
With >95% Confidence: 941
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Qualitative Analysis of Tandem Mass Spectra
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