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MS basic concepts
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* Mass spectrometry - technique for production of charged
molecular species, and their separation by magnetic and electric
fields based on mass to charge ratio
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Molecular specificity

Detection sensitivity

Versatility and wide applicability

Analysis of complex samples
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* |onization

+ Separation and mass analysis

» Detection and generation of mass spectrum
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» Sensitivity, resolution and accuracy vary

» Sensitivity drops off as mass increases

* lon sources generate positive, negative ions &
neutrals
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+1 charge state: [M+H]

+2 charge state: [M+2H]**

+3 charge state: [M+3H]***
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* Many charge states in protein

» Multiple charge states are useful

— many possible proton acceptors in equilibrium
with solution
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» An analytical approach of separating and
analyzing intact proteins

» Top-down involves direct analysis of intact
proteins, without previous proteolytic digestion
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» Bottom up - analytical approach of separating &

analyzing peptides following proteolytic digestion
of a sample

+ digesting a protein mixture into short peptides with a
protease

* analyzing the peptide mixture by MS
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Parts of mass spectrometer
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Instrument Control
Data Processing

Sample
Inlet

lon Mass Detector Signa!
Source Analyzer rocessing/

Data Out
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« Sample introduction

» Sample ionization

« Sample transfer to high vacuum region
 lon mass-to-charge filtering

* lon detection

« Data acquisition and analysis
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In gel digestion
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Gas phase Solution Solid
P Phase Phase
Electron ionization Electrospray Matr|x-a55|st.ed laser
desorption
Chemical ionization (CI) Atmospheric-pressure Pl Plasma desorption
Photoionization (PI) Atmospheric-pressure Cl Fast Atom Bombardment
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* In MS due to ionization generally large molecules
are broken into several random fragments

» Non-selective fragmentation
 Very difficult to interpret
* Therefore, need for soft ionization methods
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» High ionization efficiency

+ Stable ion beam
* Minimum background ion current
* Less cross-contamination in successive samples

Dass 2006
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lonization Sources:
Animation
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* Disperses all ions based on mass-to-charge ratio

* Focuses all mass-resolved ions at a single focal
point
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* Mass range: the maximum allowable m/z ratio
amenable to analysis

* Resolution: ability to separate two neighboring mass
ions

» Adaptability

Dass 2006
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Efficiency: transmission multiplied by the duty cycle

Mass accuracy: how far is the measured mass from
the actual mass

Linear dynamic range

Speed of spectra acquisition per unit time
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+ Sensitivity: minimum concentration of a compound
that the instrument can detect

* Mass Stability
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+ Ability of a mass spectrometer to resolve different
molecular species with similar but distinct masses

* Mass resolution is the dimensionless ratio of m/z

value of a peak divided by its width at half
maximum intensity
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* Accurate mass measurements

* Resolve an isotopic cluster when charge state of
high-mass compounds is to be determined

» Enhance the accuracy of quantification
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m
FWHM: full width, half maximum
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Mass accuracy - how close a mass measurement is
to its true (theoretical or exact) value

Expressed in parts-per-million (ppm)

- [Masstheor - Masse ]
Parts per million = ®

(PPM)

x 108
IVlasstheor
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Mass Analyzers:
Animation
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Two consecutive stages of mass analysis to detect fragment ions
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Tandem MS:
Animation
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* Role of MS and basic concepts

Fundamental of Mass Spectrometry

lonization Sources
Mass Analyzers
Tandem Mass Spectrometry
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