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 General practice for Mascot search
BSA emPAI FINAL.tmp


 emPAI quantitation:
BSA emPAI FINAL.tmp


 iTRAQ quantitation:
iTRAQ_DDAcs4b.pkl


 Error tolerant search:
TIF acetylation.tmp


Experiment 7: Mascot Database 
Search Using Public Mascot Server







Mascot Search
http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=MIS


Load BSA…tmp file here


Play with search parameters







Relative Quantitation: emPAI Protocol


Play with the filters







Relative Quantitation: emPAI Protocol


Proteins emPAI % Molar Expected ratio
Lactotransferrin 1.32 78.1 75%
BSA 0.37 21.9 25%
Σ[emPAI] 1.69 100







Mascot  Quantitation Search for iTRAQ Samples 


Load iTRAQ.pkl file here







Quantitation Searching for ITRAQ Labeling 


Quantitation based on the relative 
intensities of fragment peaks at fixed 
m/z values within an MS/MS spectrum.


You will get 7 distinct protein hits 
with 117/114 = 2 







Quantitation Searching for ITRAQ Labeling 
Play with filters to see what happens







Automatic Error Tolerance Search Results


Load acetylation.tmp file here







Automatic Error Tolerance Search Results


Lysine acetylation







Automatic Error Tolerance Search Results


Lysine acetylation







Automatic Error Tolerance Search Results







Automatic Error Tolerance Search Results







Automatic Error Tolerance Search Results







Manual Error Tolerance Search Steps
1. Regular search


2. Manual error tolerance


3. Perform search







Manual Error Tolerance Search Steps







Manual Error Tolerance Search Results


Lysine acetylation
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Proteomics Workshop


Sample prep and complexity 
 reduction


T. W. Thannhauser







Overview:


•
 


Proteomics workflows
–


 
Sample prep is key


•
 


Samples are complex
–


 
require simplification


•
 


Strategies for complexity reduction:
–


 
Pre‐separation (tissue → cells → organelles)


–
 


Protein‐centric approaches (2D electrophoresis)


–
 


Peptide‐centric approaches (MuDPIT)


–
 


Mixed approaches (GeLC)







A linear process


MDLC


2DE


FT‐ICR


Digestion


Digestion
MS + 


 
MS/MS 


 
Analysis


ECD


Protein IDExtraction Database


Proteomics Workflows: 







Proteomics or Extractomics?


•
 


Extraction is the most important step
–


 
Errors introduced here propagate 


•
 


Often this is step receives little attention
–


 
Methods chosen from literature


–
 


Originally selected due to “good looking gel”


•
 


Many are available but which is “best”?


•
 


Can compare methods with DIGE
–


 
Difference Gel Electrophoresis 







Standard 2D Electrophoresis







DIGE







Experimental details


•
 


Equal masses of biological material extracted
–


 
Schizaphis


 
graminum


•
 


TCA acetone extraction: Cy3
–


 
Isaacson, et al., Nat Protoc, 2006, 1: 769‐74.


•
 


Phenol extraction: Cy5
–


 
Saravanan


 
& Rose, Proteomics, 2004, 4: 2522‐32.


•
 


Multi‐detergent extraction: Cy2
–


 
Barrios‐Llerena


 
et al. Electrophoresis, 2007, 28:1624‐32.


•
 


50 μg protein from each extract → DIGE







Individual images plus an overlay







Enlargement of overlay







Comparison of Extractions


Extraction 
Type


Number of 
Spots Mw Range pI


 
range


Phenol 1317 +/-
 


33 >200KD-6.5KD 3-10


TCA/ 
Acetone 1,567 +/-


 
57 >200KD-6.5KD 3-10


Multi-
 Detergent 1333 +/-


 
306 >200KD-6.5KD 3-10







Comparing the Numbers:


•
 


In total 1589 protein spots found
–


 
1259 similar concentration in each extract


•
 


TCA: 122 differentially extracted spots
–


 
36 in Phenol, 36 in MD, 50 unique


•
 


Phenol: 128 differentially extracted spot
–


 
36 in TCA, 16 in MD, 76 unique


•
 


Multi‐detergent: 80 differentially extracted
–


 
36 in TCA, 16 in phenol, 28 unique







Conclusion:


•
 


If multiple methods are tested one 
 will be best, but…


•
 


No single extraction protocol is 
 sufficient.







Proteomic samples are complex:


•
 


How complex?
–


 
Arabidopsis has 2.5 x104


 
genes


–
 


Splice variants, PTMs, etc. →
 


105
 


‐106
 


Proteins


–
 


Area of a Spot ≈
 


7 mm2


–
 


Area of a large format 2‐D gel = 50,000 mm2


–
 


Spot capacity of gel ≈
 


7,000


–
 


Thus, insufficient to resolve the components of an 
 entire proteome







Strategies to reduce complexity
•


 
Isolate the tissue/cell type/organelle of interest
–


 
Arabidopsis has 2.5 x104


 
genes


•
 


Chloroplast has only 3.5 x103


 


genes: much smaller problem


•
 


Separate based on physicochemical properties:
–


 
Protein‐centric methods:


•
 


Sub‐fractionate proteins →


 
digest →


 
MS


–
 


Peptide‐centric methods:
•


 
Digest proteins →


 
fractionate peptides →


 
MS


–
 


Mixed methods
•


 
Fractionate proteins →


 
digest →


 
fractionate peptides →


 
MS







Schematic of protein isolation:
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1st
 


Dimension Separations:


•SDS‐PAGE


•SCX


•OffGel
 


IEF







Dissolve, pH 6.8
4%SDS, 0.2 M DTT


Boil ≈


 


3 min. Centrifuge @
14 G, 5 min


Load gel


Protein Centric Method:
SDS‐PAGE







Schematic of workflow
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Protein reduction with excess TCEP


pH > 7


Alkylation with Iodoacetamide


+  
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pH > 7


8 M Urea



http://upload.wikimedia.org/wikipedia/commons/8/8d/TCEP.png





Potential side reactions w/activated halogen reagents:


pH > 5.5


pH 2‐8.5


pH > 8.5







Reduce
Alkylate


Digest
Trypsin


Acidify
Spin down


Ready for 1st


 


dimension
separation


MuDPIT:
Shotgun approaches
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Schematic of SCX pre‐fractionation of peptides
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Strong Cation eXchange (SCX) separation of tryptic peptides:


A215


Conductivity


Fractions







OFFGEL Fractionation


•
 


Employs isoelectric focusing (IEF) as a first 
 dimensional peptide separation


•
 


Uses standard 13 or 24cm IEF strips


•
 


Wells sit on top of strip, allowing peptides to 
 diffuse into the strip, focus to their isoelectric 
 point (pI), and diffuse back out







Agilent 3100 OFFGEL Fractionation







OFFGEL Fractionation


Sample OFFGEL setup using a 13cm (12 well) strip


IEF strip gel


IEF strip backing


12 well insert


Sample well (exposed IEF gel)







OFFGEL Fractionation


Sample is digested with trypsin (or other suitable enzyme), 
 cleaned up with a reverse‐phase cartridge and re‐


 suspended in OFFGEL buffer. An equal aliquot is pipetted 
 into each of the 12 wells.


Tryptic digest







OFFGEL Fractionation


+ ‐


Voltage is turned on and peptides begin to migrate through the 


 strip towards their pI


+ ‐


After several hours the peptides have focused at their pI on the


 strip and diffused into solution. Approximately 70% of the 


 peptides find their way into the “correct”


 
well. 30% end up in 


 the wells to either side







pH 4


pH 4.19 pH 5.33 pH 5.70 pH 6.05 pH 6.43 pH 6.81pH 4.57 pH 4.95


pH 7


IEF Strip


OffGel Electrophoresis:
(The Movie)







OFFGEL Fractionation
After focusing is complete, the buffer (containing the 


 focused peptides) is removed from each well to its own 
 separate tube. The pH of each tube is measured, and 


 samples are again cleaned by reverse‐phase extraction







y = 0.4154x + 3.5456
R2 = 0.9985
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Sample pH graph for 12 well OFFGEL fractionation


 on a 3‐10 linear IEF strip







OFFGEL Fractionation


•
 


Compare measured pI to predicted pI of identified 
 peptides.


•
 


Reduces predicted FDR by a factor of 2‐3.


•
 


More importantly:
–


 
Highlights specific peptide identifications which are likely 


 to be false.


–
 


Increases number of identifications by 30‐40%


–
 


Peptides identified are complementary to those identified 


 using other 1st


 


dimension techniques (i. e. SCX).







2nd
 


Dimension Separation


•
 


Almost always reverse phase chromatography 
 at low pH:


–
 


0.1% formic acid, pH ≈
 


2


–
 


Nano scale: 
•


 
Analytical column dimensions: 150 mm x 75 µM


•
 


Typical flow rate 300 nl/min


–
 


Usually involves trapping
•


 
Seldom uses direct injection


–
 


Valve configuration critical
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Injection Configuration:
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Running Configuration:
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Schematic of direct flow nano‐LC
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Base Peak Chromatogram
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Mass Spectrometry-based Proteomics Workshop


October 20th and 21st 2009


Supported by NSF Plant Genome Program
Instruction: Drs. Joss Rose and Ted Thannhauser and Sheng Zhang


Location: Cornell Proteomics & Mass Spectrometry Core Facility


Systematic isolation, visualization and characterization of 
protein populations


….organisms, tissues, cell types, organelles...


Proteomics…







DNA RNA Protein Metabolite


Biological Function


The “-omics” family











Protein Extraction and Fractionation 


Mass Spectrometry 


Bioinformatics


Major Developments in Proteome Analysis 







Mass spec 
analysis


Bioinformatic
analysis


MIAPE Guidelines


Protein extraction
and preparation


Experimental
design


- Information needed:
- Quantitative, qualitative, steady state, dynamic…


- Replicates:
- Biological vs. technical replicates


- Expectations
- Hypothesis generation or hypothesis confirmation?


- Sample handling
- Consistency


- Generation of raw data - Data interpretation







- Protein Extraction and Analysis
-Biochemical heterogeneity/structural variability: 
solubility, charge, hydophobicity, size
-Stability and contaminants
-Abundance limitations. Non-amplifiable (no 
protein PCR!)
-Temporally and spatially complex (different 
tissues and cell types), native vs. denaturing







Increasing the proportion of the detectable proteome


- Biochemical pre-fractionation….liquid chromatography


- Biological pre-fractionation…organs, tissues, cell types, organelles


Currently


?


Subcellular Proteomics Projects


Vacuole


Tonoplast


Plasma membrane


Peroxisome


Nucleus


Chloroplast and
associated membranes


Endoplasmic reticulum


Golgi







Subcellular Fractionation







Concentrating Proteins and Buffer Exchange


2) Ultrafiltration


MWCO
Membrane


Centrifuge


1) Precipitation 
- “salting out”
- solvent


Dialysis


3) Lyophilization


4) Solid PEG dialysis


Start of Dialysis Equilibrium







Size-exclusion chromatography (SEC), also called gel-permeation chromatography (GPC), uses 
porous particles to separate molecules of different sizes. It is generally used to separate 
biological molecules and to determine molecular weights and molecular weight distributions of 
polymers. Molecules that are smaller than the pore size can enter the particles and therefore
have a longer path and longer transit time than larger molecules that cannot enter the particles.


Liquid Chromatography (LC)
- Size Exclusion Chromatography/Gel Permeation Chromatography







- IEC (Ion exchange chromatography)


Type of exchanger Functional group Common name


Weak cation 
exchanger Carboxymethyl CM 


cellulose/sephadex 


Strong cation 
exchanger Sulfopropyl SP sephadex


Weak anion 
exchanger Diethylaminoethyl DE 


cellulose/sephadex 


Strong anion 
exchanger Quaternary amine QAE sephadex


Cation and anion exchangers may be broken down further into 
weak and strong exchangers (reflecting binding affinity).


Protein A
(pI=9.0)


Protein B
(pI=7.5)


Buffer pH 7.0
Buffer pH is substantially below 
the pI so protein A will have a 
strong positive charge. 


Buffer pH is slightly below
the pI so protein B will have a
weak positive charge. 


Use a weak cation exchange resin Use a strong cation exchange resin







3) HIC (Hydrophobic 
Interaction Chromatography)







1-D SDS Polyacrylamide Gel Electrophoresis
(SDS-PAGE) 


+


-
Molecular


Mass


- Extraction 
(stability, subcellular 
fractionation, purification of 
protein complexes)


-Solubilization in Laemmli buffer
(SDS, reducing agents) or
non-denaturing buffer


-Electrophoresis
(basic buffer plus/minus SDS)


-Zymograms
(activity assays)


-Staining
(coomassie, silver and 
fluorescent dyes)


Mw
Standards Transfer to


membrane
Band
excision


Western analysis
Polyclonal
Ab production


Protein
sequencing


anode


cathode







SDS:
- anionic detergent
- effective solubilizing agent for a wide range of proteins
- denaturing agent
- most proteins bind SDS in a fixed ratio of 1.4g SDS:1g protein
so a negative charge is conferred in direct proportion to the polypeptide
mass. Therefore, proteins migrate in SDS-PAGE gels according to their
molecular weight and not their intrinsic charge


Denaturing electrophoresis of proteins


Reducing agents (dithiothreitol [DTT] or β-mercaptoethanol):


Native gel electrophoresis of proteins


- disrupt disulphide bonds


- may allow proteins to maintain biological activity


- proteins separated on basis of molecular weight and intrinsic charge


- only applicable to proteins that are soluble and will not precipitate or aggregate
during electrophoresis







r=Migration distance (mm)







Protein Sequencing and Identification


Biological or 
Biochemical
Activity Pure Protein


Protein Sequence


N-terminal Sequencing
Edman Degradation Chemistry


Several Approaches…..


Liepman and Olsen (2003)
Plant Physiol. 131: 215-227 







2-D Gel Electrophoresis 


Isoelectric point (pI)
3.0 10.0


Molecular
Mass


Isoelectric point (pI)
3.0 10.0


Reproducibility          Resolution







1980s: Immobilized pH gradient (IPG) technology
- 1000s of  spots on a  single gel


- load mgs of protein
- highly reproducible


94


67


43


30


20


14


3.0 12.0


Gorg et al. (1999) Electrophoresis 20: 712-717


11.0


200
spots


>700 spots


3.5 9.5


5.6 6.6


- narrow range pI analysis


Limitations include hydrophobic
low abundance and insoluble proteins


IPG pH 4-7


IPG 5.5-6.7







- linear over 4 orders of magnitude


- low level of detection (1-5 ng)
- compatible with mass spectrometry


• 3D plots of same spot areas on gel


• Difference only obvious with fluorescence


Fluorescent
staining


Silver 
Staining


Coomassie Blue (various formulations, 
cheap, easy, less sensitive)


Detection stains: Sensitivity vs. quantitation


SYPRO Ruby


Silver stain (highly sensitive, less quantitative)


Coomassie-stained 2D gel PVDF blot: sequencing/MS







Addressing the bottleneck: 2-D Differential In-Gel Electrophoresis (DIGE)


Separate by 2D PAGE


Mix labeled extractsProtein extract 1
Label with fluor 1
(Cy5)


Protein extract 2
Label with fluor 2
(Cy3)


Image gelExcitation 
Wavelength 1


Excitation 
wavelength 2


Image analysis:
Data quantification 


Analysis of difference


Image analysis: 
Overlay images 
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MS workshop Experiment 1 & 2     10/15/2009 


Protocol for in Solution Tryptic Digestion: 
 
 
Sample preparation: 


1. 50 µg of Ecoli crude cell extract in 5µl of 6M Guanidine/50mM Tris-HCl pH 8.0 
buffers.    
 
Note:  The proteins have already been denatured in 6M Guanidine. 


 
Reduction and Alkylation: 


1. Add 1.5 µL of 50 mM TCEP stock solution   
2. Mix and spin down sample 
3. Incubate at 95°C for 10 min 
4. Allow sample to cool down to room temperature and spin down to collect any 


condensation 
5. Add 1.2 µL of 100 mM IAM into sample 
6. Mix and spin down sample 
7. Incubate at room temperature for 1 hour in dark condition.   
8. Add 1.2 µL of 100 mM DTT to quench the IAM and wait for 10 min at RT 


 
 
Trypsin Digestion: 


1.  Add 36 µl of 10 mM Tris-HCl pH8.0 buffers to dilute Guanidine concentration 
2. Add 5uL of 1µg/ µl Trypsin to the sample in a 1:10 ratio of Trypsin:protein 
3. Mix and spin down sample 
4. Incubate at 37°C for 5 hour 


 
Stop trypsin reaction: 


1.  Add 150 µl of 0.5% formic acid to inactivate trypsin activity 
2. Inject 2 µl of above sample for nanoLC-MS/MS analysis in either 4000 Q Trap or 


Synapt Q-TOF HDMS analysis 
 
 
Stock solutions: 


TCEP [Tris(2-carboxyethyl) phosphine]:  50 mM in H2O 
IAM (iodoacetamide):   100 mM in H2O 
DTT: 100 mM in H2O 
Trypsin:  1µg/µl in 50 mM acetic acid 
Tris-HCl buffer:   50mM  pH8.0/10% ACN 
0.5% Formic acid 
  
 
 








Mass Spectrometry & Proteomics: 
Fundamentals and Applications


Sheng Zhang


Director, Proteomics & MS Core Facility,
Cornell University


Presented at MS Workshop
October 20, 2009


Contact: sz14@cornell.edu
http://cores.lifesciences.cornell.edu/brcinfo/?f=2







 Fundamentals of Mass Spectrometry    
Technologies


 Applications of Proteomics (case studies)
• Protein Identification by GeLC-MS/MS


Non-targeted DDA vs targeted-based MRM-DDA   
• Quantitative proteomics


 iTRAQ-based shotgun and MRM analysis
• Protein PTMs


Phosphorylation and N/C-terminal determination
• Protein-protein noncovalent interaction


 A ternary mixture involved in bacterial chemotaxis


Overview







Fundamentals of Mass 
Spectrometry







Basic Components of Mass 
Spectrometers


Inlet


HPLC
Syringe pump


Ion 
Source Mass analyzer Detector


Vacuum system


Electronics 
control
system 


Data 
system







MALDI ND:YAG laser355nm


Sample on target at high 
voltage/ high vacuum


MALDI is a solid-state ionization technique that ionizes sample molecules out of 
crystalline matrix via laser excitation. 


High vacuum


TOF mass 
spectrometer


+


+
+


+


+


Sample


Matrix
Target


MH+


XH+ +  M →  X  + MH+


Ion Source:


Ionization Methods:
1. Electron ionization:       M + e- M+• + 2e-


2. Chemical ionization:     M + [B + H]+ [M + H]+ + B
3. Matrix-Assisted Laser Desorption/Ionization (MALDI)
4. Electrospray Ionization (ESI)







Electrospray Ionization----ESI Theory


ESI is a solution technique that generates a continuous stream of ions by a 
3-step process: droplet formation, droplet shrinkage and ion desorption 
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NanoESI ion source
0.2-0.5 µl/min 


2-10 µm i.d. 


LC-
Capillary


± 2...6 kV Skimmer
Octapol


Transfer-Linse
1. Quadrupol
Analysator


Ion detector
Nebulizer 
N2-gas flow


LC-Interface (turbo ion source)
4-20 µl/min


25-50 µm i.d. 


Comparison of Two LC/ESI Ion Sources


Flow rate    :   20 folds







Two ESI Mechanism Models


Applies to ions with
significant surface 
Activity (hydrophobic
Molecules: peptide,
Fatty acids etc.).  


Applies largely to
hydrophilic species 
Molecules: protein,
metal cations.







Ionization Methods for Proteomics
ESI vs MALDI (complementary)


• ESI Advantages


– Direct coupling of LC to MS
– High quality MS/MS data
– Gentle ion source for protein 


interaction studies 
– Excellent for quantitation
– Good for small molecules


• ESI Disadvantages


– Limited time for MS/MS
– No repeat analysis
– Low tolerance to salt


• MALDI Advantages


– Offline coupling of LC to MS
– Not time limited for MS/MS
– Low and high mass MW 


peptides
– Allow sample re-analysis
– High tolerance to salt


• MALDI Disadvantages


– Usually low quality MS/MS
– Not for NCI studies
– Not first choice for quantitation







Mass analyzers


 Mass analyzer performs two vital functions:
 Sort all ions according to their mass-to-charge (m/z) ratio
 Focus all mass-resolved ions at a single focal point. 


 The nature of mass analyzer determines key parameters of 
mass analysis: 
 mass resolution
 mass accuracy
 mass range
 scan speed
 linear dynamic range, sensitivity, ion transmission efficiency, etc.  


 Most common mass analyzers:
 Quadrupole mass filter (based on trajectory stability) 
 Ion trap mass analyzer (based on m/z resonance frequency)
 Time-of-Flight mass analyzer (based on velocity)







Recognizing Multiply-Charged Ions


RPKPQQFFGLM
C63H98N18O13S


Mass spectrometers operate on the basis of mass-to-charge ratio (m/z)  
Carbon isotopes of doubly charged ions are separated by 0.5 Da


1 Da
0.5 Da Charge = 1/∆ amu


∆ amu
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Quadrupole Theory


Prefilter Quadrupole Mass Filter


Rejected ions
Stable ion


• Four metallic rods arranged symmetrically
as two sets in a square array.
• A combination of RF and DC voltages are  
applied to each pair of rods.
• Produce a complex, oscillating movement   
of the charged ions as they move across the Q.
• Under a set of defined DC and RF potentials,
ions of selected m/z value pass through the Q. 


The voltage applied to an opposing pair of rods:
φ =    U  - V cos ωT


The voltage to the other pair of opposing rods:
φ =  - U  +  V cos ωT


U = DC Voltage
V = RF Voltage
ω = RF frequency (1 mHz)
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A Stability Diagram: ions are separated in a quadrupole based on 
the stability of their trajectories in the oscillating electric fields 
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Time-of-Flight Mass Analyzer


 An ion is given a fixed amount of KE by acceleration
in an electric field generated by high voltage (20-30kV).


 The ion enters a field-free region traveling at a   
velocity that is inversely proportional to its m/z.


 The time required for the ion to travel the length    
of the field-free region is measured.


 The travel time is to used to calculate the velocity
and ultimately the m/z of the ion. 
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Time-of-Flight Mass Analyzer







Tandem 
MS


Ion 
source Mass 


analyzer
Detector  


Schematic Diagram of MS vs MS/MS


Mass spectrometry 
(MS)


Ion 
source


Mass 
analyzer 1


Mass 
analyzer 2


Detector  Collision 
cell


Tandem in space Tandem in time


Triple quadrupole 3D Ion trap


Quadrupole TOF Linear Ion trap


Hybrid quadrupole linear ion trap Fourier transform (FTMS)


CID or CAD







Comparison of Tandem Mass Spectrometer’s Features 


Features Triple 
Quadrupole Quadrupole TOF Quadrupole 


Linear Ion Trap


Sensitivity ++ +++ ++++
Resolution + ++++ ++
Accuracy + ++++ ++
Quantitation ++++ ++ ++
Scan speed ++ +++ ++++
Mass range + ++++ ++
Dynamic range ++++ ++ +++







MS Scan Modes


q2


I


Q3


MS scan


Q1
400 800 1200


m/z


II
Product Ion


400 800 1200
m/z


IV
400 800 1200


m/z
Neutral loss


III


400 800 1200
m/z


Precursor Ion







MS Scan Modes
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Sample Delivery: Infusion vs On-line LC


TIC of LC/MS/MS


12 14 16


*


Q1


*


5 10 15
Time (min)


*
TIC of Infusion 


• Extended analysis time
• Clean sample required
• More samples needed
• Relatively low sensitivity


• Limited analysis time for each ion
• Less sample required
• No pre-analysis cleanup  
• High sensitivity







Hybrid Triple Quadrupole/Linear Ion Trap 
Technology on the 4000 Q TRAP® System


Q0 Q1 q2 Q3


LIT


Curtain Plate


Orifice Skimmer


LINAC


Collision Cell
Exit Lens


  
    


     







Video Shows a Hybrid Triple Quadrupole/Linear Ion 
Trap Analyzer on the 4000 Q TRAP® System
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Data-Dependent Acquisition & Dynamic Exclusion
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Targeted Approaches by MRM-Triggered IDA


• For confirmation of Quantitation Results
• For targeted “fishing” or ID in a sample


– Quantitative information is a bonus


or any target peptide


or target peptide sequence 







Cornell MS Facility 







Facility Instrumentation
• Tools for Sample Separation and Preparation


– HPLC system:
• 2Dcap Ultimate LC, Agilent 1100, 2DnanoAcquity UPLC


– 2D Gel System:
• Multiphor II IEF + 3 vertical 2nd PAGE: DALT Twelve, Six, SE600
• Gel image system (2): Typhoon laser scanner, ImageScanner


– Gel Spot and Liquid Handling Robots (2)
• ProPic & ProPrep


• Tools for Analytical Analysis
– MALDI-TOF/TOF 4700 Analyzer
– ESI: 4000 Q Trap, Synapt HDMS, Esquire, LTQ-Orbitrap Velos*


• Bioinformatics Tools (2)
– Gel image analysis software: DeCyder 6.5, ImageMaster 6.0
– Search engines: Mascot 2.2, ProteinPilot 2.0, PLGS 2.3
– Others: MarkerView 1.2, MRMPilot 1.0, MRMQuant 1.0
– LIMS: for data storage, extracted data output and report
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Synapt HDMS System
Hybrid Quadrupole / IMS / oa-ToF
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Gel-based Proteomics Workflow


Mascot 2.2
Protein Pilot 2.0
MS-ProBlast
BioAnalyst 1.4


• NCBI
• SwissProt
• Genbank
• MSDB


Bioinformatics


Mascot 2.2
Protein Pilot 2.0
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BioAnalyst 1.4
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Protein Pilot 2.0
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Database Search


• NCBI
• SwissProt
• Genbank
• MSDB


Spot picking
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Shotgun-based Quantitative Proteomics 
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Small Molecule Profiling Workflow


• Generate peaks files
• Normalize and align
• Data analysis:


 T-test
 PCA
 PCA-DA


?







 2D gel protein expression profiling


 Protein IDs by discovery and targeted techniques   


 Quantitative proteomics for biomarker discovery


 Characterization of protein phosphorylation


 Peptide mapping for N- /C-terminal determination 


 Protein complexes: protein-protein interactions


MS Applications to Proteomics and 
Protein Characterization 







Comparison of 2D Gels of E coli Extracts  (100 µg)
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E coli Spots Selected for Robotic Picking up on Sypro Ruby Stained Gel
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Spot Intensity on Protein ID Rates for Sypro Ruby Stained 2D-gel
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Tissue 
Transglutaminase


Lysate ControlSample


Protein IDs by Non-targeted & Targeted Modes


C18 RP
Nano column







50 protein IDs


No Targeted Protein Identified by DDA 







Targeted Protein Identified by MRM-Triggered DDA 


Four peptides were detected for the targeted protein







528-YLLNLNLEPFSEK-540 


565-ALLVEPVINSYLLAER-580 


MRM-IDA Results: 
Match to: gi|39777597  transglutaminase 2 isoform a [Homo sapiens]







Protein Idenfications


 GeLCMS/MS for Protein IDs of Dehalococcoides
195 membrane extraction
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Dehalococcoides spp. are the only organisms known to do all these steps metabolically.







• Give strong MSMS signature ion
masses at 114-117


• Generate good y and b-ion series
• Maintain ionization efficiency of labeled


peptides by remaining charge state


• Balance the mass change of reporter
• Neutral loss in MSMS giving 


signature ions


Isobaric Tags for Relative and Absolute 
Quantitation (iTRAQ) analysis


Ross PL et al. (2004) Mol. Cell. Proteomics. 3(12), 1154-1169 


C12/O16:  28
C13/O16:  29
C12/O18:  30
C13/O18:  31







iTRAQTM Reagent for Multiplexed Isobaric Tagging
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iTRAQ to measure protein changes of culture grown 
at slow and moderate PCE feeding rates 


SCX column


C18 RP
Nano column


114: control
115: 20 µL/min
116: 5  µL/min
117: 40 µL/min







Dehalococcoides Mixed Culture Grown at Slow and Moderate 
PCE Feeding Rates (5μL/min, tag 116 vs 20μL/min, tag 115)
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MRM: absolute quant of a specific protein in a complex sample  
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GMMPPLSEEEELELNTQRISSSQATQPLATPVVSV
TTPSLPPQGLVYSAMPTAYNTDYSLTSADLSALQG
FNSPGMLSLGQVSAWQQHHLGQAALSSLVAGGQL
SQGSNLSINTNQNISIKSEPISPPRDRMTPSGFQQQ
QQQQQQQQPPPPPQPQPQPPQPQPRMGRSP MRM transitions


Mass Spec detection
0.0


10000.0


20000.0


30000.0


40000.0


50000.0


60000.0


70000.0


80000.0


0 50 100 150 200 250


Concentration (fmol)


Ar
ea


MRMPilot 1.0
MultiQuant 1.0


MGRKKIQITRIMDERNRQVTFTKRKFGLMKKAYELS
VLCDCEIALIIFNSSNKLFQYASTDMDKVLLKYTEYN
EPHESRTNSDIVEALNKKEHRGCDSPDPDTSYVLT
PHTEEKYKKINEEFDNMMRNHKIAPGLPPQNFSMS
VTVPVTSPNALSYTNPGSSLVSPSLAASSTLTDSSM
LSPPQTTLHRNVSPGAPQRPPSTGNAGGMLSTTD
LTVPNGAGSSPVGNGFVNSRASPNLIGATGANSLG
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GMMPPLSEEEELELNTQRISSSQATQPLATPVVSV
TTPSLPPQGLVYSAMPTAYNTDYSLTSADLSALQG
FNSPGMLSLGQVSAWQQHHLGQAALSSLVAGGQL
SQGSNLSINTNQNISIKSEPISPPRDRMTPSGFQQQ


MGRKKIQITRIMDERNRQVTFTKRKFGLMKKAYELS
VLCDCEIALIIFNSSNKLFQYASTDMDKVLLKYTEYN
EPHESRTNSDIVEALNKKEHRGCDSPDPDTSYVLT
PHTEEKYKKINEEFDNMMRNHKIAPGLPPQNFSMS
VTVPVTSPNALSYTNPGSSLVSPSLAASSTLTDSSM
LSPPQTTLHRNVSPGAPQRPPSTGNAGGMLSTTD
LTVPNGAGSSPVGNGFVNSRASPNLIGATGANSLG
KVMPTKSPPPPGGGNLGMNSRKPDLRVVIPPSSK
GMMPPLSEEEELELNTQRISSSQATQPLATPVVSV
TTPSLPPQGLVYSAMPTAYNTDYSLTSADLSALQG
FNSPGMLSLGQVSAWQQHHLGQAALSSLVAGGQL
SQGSNLSINTNQNISIKSEPISPPRDRMTPSGFQQQ


sequence


Q1 Q3 Sequence
537.3 488.3 NRQVTFTK
545.2 496.2 MRMDAWVT
571.8 522.8 NFIAVSAANR
617.3 568.3 SEPISPPRDR
635.8 586.8 KNFIAVSAANR
642.3 593.3 TNSDIVEALNK
651.8 602.8 ISSSGALDDDDK
677.8 628.8 IQITRIMDER
699.8 650.8 LFQYASTDMDK
706.3 657.3 TNSDIVEALNKK
709.4 660.4 NFIAVSAANRFK


MRM transitions


Q1 Q3 Sequence
537.3 488.3 NRQVTFTK
545.2 496.2 MRMDAWVT
571.8 522.8 NFIAVSAANR
617.3 568.3 SEPISPPRDR
635.8 586.8 KNFIAVSAANR
642.3 593.3 TNSDIVEALNK
651.8 602.8 ISSSGALDDDDK
677.8 628.8 IQITRIMDER
699.8 650.8 LFQYASTDMDK
706.3 657.3 TNSDIVEALNKK
709.4 660.4 NFIAVSAANRFK







Peptide Quantification via
Multiple Reaction Monitoring


794.4 → 1114.6
794.4 → 1272.7


Q1         Q3







Synthetic Peptide Standards Spiked 
Into a Background Sediment Digest
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Concentrations in Mixed Cultures
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MRM Confirming TceA Enzyme
Previously Thought to be Missing from Commercial Culture KB1TM







Protein Phosphorylation
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Mass change       +80                                          +80                                  +80
Actual change      -18                                           +80                                  -18


Marker ions:      m/z -79 (PO3-)                     m/z -79                            m/z -79
m/z +216.04 (pY immonium)


pS pY pT







SDS-PAGE of in vivo/in vitro treated Greatwall kinase samples 


GW Kinase
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745-ILGpTPDYLAPELLLR-759


MS/MS Spectrum identifying a Phosphopeptide ion at m/z 882.42+


284.3
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LC/MS/MS of Greatwall Kinase from Cell Lysate


Residue Peptide Sequence + Score Extra (IP)


184 - 200 ELCMMDILpTTPSMAKPK 3 21 √
206 - 226 TPGQVLSLISSLGFNpTPAGGR 3 30
206 - 226 pTPGQVLSLISSLGFNpTPAGGR 2 57 √
227 - 239 TQGpSLNQQTEGMR 2 69 √


240 - 249 GNASpTPLLMK 2 39


260 - 277 LMISCPEASLpSSPSIPVK 2 28 √
278-285 CLpTPNLLK 2 26
288 - 300 TQFATSSTSpSQSR 2 39 √
357 - 368 RLEFAFpSPIVDR 2 48
374-394 AGFQDETGELSDpTPLATLNAK 2 59
374-394 AGFQDETGELpSDTPLATLNAK 2 68 √
374-394 AGFQDEpTGELpSDTPLATLNAK 2 49 √
374-394 AGFQDEpTGELSDpTPLATLNAK 2 57 √
374-394 AGFQDEpTGELpSDpTPLATLNAK 2 27 √
424-449 FTSSPDpSPPWLANGSVAPIQFNDEEK 3 32
458 - 475 NYDLVEKpSPEQELLQDKK 2 46
532 - 544 TLEKLDpSGNPVAK 2 47 √
637 - 665 YEPNTSILPDSLQNVLApSPAPASAMTNPR 3 53 *
637 - 665 YEPNTpSILPDSLQNVLApSPAPASAMTNPR 3 44 √
674 - 689 SYNpSPINVSNVSEPSK 2 88 *
719 - 728 VQGLIEpTPYR 2 43
719 - 731 VQGLIEpTPYRpTPK 2 36
745 - 759 ILGpTPDYLAPELLLR 2 81
875 - 887 NNAQHLKVpSGFpSL 2 59 √


21 proteins identified


24 Phospho-sites Identified







Base Peak Chromatogram of NanoLC-MS/MS in EMS-IDA Mode


Base Peak Chromatogram by Targeted pY Detection in PI Scan (+216.04)


Human 
Sorting 
Nexin 
Protein
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MS/MS Spectrum identifying a Phosphopeptide ion at m/z 611.82+
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Five pY Sites of Human SNX9 Protein (Src Kinase)
Identified by nLC-IDA-MS/MS*


Residue Peptide Sequence + M/Z Mascot 
Score


% phospho-
rylation


174-191 SSSpYFKDSESADAGGAQR 3 648.3 73 6.0


230-258 EKIPIIVGDpYGPMWVYPTSTFDCVV
ADPR 3 1136.15 48 25.2


232 - 258 IPIIVGDpYGPMWVYPTSTFDCVVAD
PR 3 1050.1 95 23.2


268 - 281 SpYIEYQLTPTNTNR 3 890.4 46 2.7


287-296 YKHFDWLpYER 3 521.9 44 10.0


560 - 568 IpYDYNSVIR 2 611.8 58 4.7


Residue Peptide Sequence + M/Z Mascot 
Score


MS-
IDA


MRM-
IDA 


(X/216)


Prec-
IDA 


(+216)


174-191 SSSpYFKDSESADAGGAQR 3 648.3 56 No Yes Yes


287-296 pYKHFDWLYER 3 521.9 26 No Yes Yes


Two pY Sites (ACK2 Kinase) Identified by nLC-IDA-MS/MS







174-SSSpYFKDSESADAGGAQR-191
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XIC of MRM for Two-pair Transition Ions of Identified pY-peptides


m/z 648.3 → m/z 216.0


m/z 512.9 → m/z 216.0
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m/z 512.9 → m/z 216.04







Peptide mapping for N/C-
terminal determination







Band C
Band A


Band B


Limited Proteolysis of Yeast Chitin Biosynthesis Protein







Chymotrypsin digestion
GAMDPEFSSVDVLLTVGKLDASLALLTTQDHHVIEFPTVLLPENVKAGSIIKMQVSQNLEE
EKKQRNHFKSIQAKILEKYGTHKPESPVLKIVNVTQTSCVLAWDPLKLGSAKLKSLILYRK
GIRSMVIPNPFKVTTTKISGLSVDTPYEFQLKLITTSGTLWSEKVILRTHKMTDMSGITVC
LGPLDPLKEISDLQISQCLSHIGARPLQRHVAIDTTHFVCNDLDNEESNEELIRAKHNNIP
IVRPEWVRACEVEKRIVGVRGFYLDADQSILKSYTFPPVNEEELSYSKENEPVAEVADENK
MPEDTTDVEQVASHNDNEGNPSEAKEQGEKSGHEAAPVSPAEDPLHASTALENETTIETVN
PSVR


Band A


Band B
GAMDPEFSSVDVLLTVGKLDASLALLTTQDHHVIEFPTVLLPENVKAGSIIKMQVSQNLEE
EKKQRNHFKSIQAKILEKYGTHKPESPVLKIVNVTQTSCVLAWDPLKLGSAKLKSLILYRK
GIRSMVIPNPFKVTTTKISGLSVDTPYEFQLKLITTSGTLWSEKVILRTHKMTDMSGITVC
LGPLDPLKEISDLQISQCLSHIGARPLQRHVAIDTTHFVCNDLDNEESNEELIRAKHNNIP
IVRPEWVRACEVEKRIVGVRGFYLDADQSILKSYTFPPVNEEELSYSKENEPVAEVADENK
MPEDTTDVEQVASHNDNEGNPSEAKEQGEKSGHEAAPVSPAEDPLHASTALENETTIETVN
PSVR


GAMDPEFSSVDVLLTVGKLDASLALLTTQDHHVIEFPTVLLPENVKAGSIIKMQVSQNLEE
EKKQRNHFKSIQAKILEKYGTHKPESPVLKIVNVTQTSCVLAWDPLKLGSAKLKSLILYRK
GIRSMVIPNPFKVTTTKISGLSVDTPYEFQLKLITTSGTLWSEKVILRTHKMTDMSGITVC
LGPLDPLKEISDLQISQCLSHIGARPLQRHVAIDTTHFVCNDLDNEESNEELIRAKHNNIP
IVRPEWVRACEVEKRIVGVRGFYLDADQSILKSYTFPPVNEEELSYSKENEPVAEVADENK
MPEDTTDVEQVASHNDNEGNPSEAKEQGEKSGHEAAPVSPAEDPLHASTALENETTIETVN
PSVR


Band C







CheA ∆289


CheW


Components of ternary complex
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Protein-Protein Complex


A ternary mixture (transmembrane 
complexes that mediate bacterial 
chemotaxis) consists of:


 C2 (a cytoplasmic fragment of a 
chemoreceptor)


 D289 (a truncated version of CheA, the 
chemotaxis signaling kinase)


 CheW (an adaptor protein that mates the 
receptor to CheA)







A ternary mixture: 
C2-D289-CheW


LC MS TOF
100 µg injected on desalting column


A: 0.1% Formic Acid; B: ACN-0.1%FA


Gradient:   0   → 0.5   → 8   → 8.5 min, 
10% → 20% → 45% → 80% B


Cone Voltage = 40 V


Collision Energy = 6 V


Source Temperature = 105 °C


Desolvation Temperature = 150 °C


  
 


 


   


  


  
 


 


   


  







LC-MS analysis (under denaturing conditions)


CheW D289


C2


17,235 Da


26,269 Da


43,194 Da


Protein expected measured difference


Chew -W 16954 16593.3 -360.7


Chew -W 17234.8 280.8


C 26419 24518.0 -1901.0


C 26268.9 -150.1


D289 42785 43194.3 409.3







MS/MS Spectrum of m/z 90819+ ion 
in CheW Sample   


MADALKEFEV LSFEIDEQAL AFDVDNIEMV IEKSDITPVP KSRHFVEGVI NLRGRIIPVV NLAKILGISF DEQKMKSIIV 
ARTKDVEVGF LVDRVLGVLR ITENQLDLTN VSDKFGKKSK GLVKTDGRLI IYLDIDKIIE EITVKEGV 17,235 Da 







MS/MS Spectrum of m/z 90819+ ion 
in CheW Sample   


Should be 1101.6
from sequence 
(281.1 Da extra)


Should be 1101.6
from sequence 
(281.1 Da extra)


Should be 1101.6
from sequence 
(281.1 Da extra)


MADALKEFEV LSFEIDEQAL AFDVDNIEMV IEKSDITPVP KSRHFVEGVI NLRGRIIPVV NLAKILGISF DEQKMKSIIV 
ARTKDVEVGF LVDRVLGVLR ITENQLDLTN VSDKFGKKSK GLVKTDGRLI IYLDIDKIIE EITVKEGV 16,954 Da


GSH = 281 Da, + 16,954 =  17,235 Da 


MGSSHHHHHHSSGLVPRGSH


thrombin







A ternary mixture: 
C2-D289-CheW


Nanospray MS


C2D289W 1 µg/µL 100mM NH4Ac


Cone Voltage = 150 V


Trap Energy = 20 V


Transfer Energy = 20 V


Source Temperature = 60 °C







Infusion analysis (under native conditions)
MS Spectra for C2-D289-CheW Complex
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MS/MS Spectra of m/z 605020+


(2xCheW-2XD289)
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I


T.  maritima MCP 
fragments bind 
CheA:CheW


Size-exclusion 
chromatography


Sample Model Fixed Molecular 
Weights (kD)


Predicted 
Molecular 


Weight
Variance Number 


of Runs
CheW One component 17.86 16.95 1.83E-05 37.71%


CheA (P3-P4-P5) One component 78.87 42.78 (85.56) 3.99E-05 44.08%
Receptor fragment One component 42.77 24.11(48.22) 2.26E-05 35.15%


CheA (P3-P4-P5) + CheW Two component 78.34, 117.5 119.46 1.53E-05 33.61%


Receptor fragment 
CheA(P3-P4-P5) + CheW


Three 
component


116.9, 146.2, 175.4 119.46, 133.78, 167.68 1.76E-05 34.99%


Equilibrium 
ultracentrifugation 


D289 + CheW CheA+C2 D289+CheW+C2


Electrospray
mass spectrometry 
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Take-home Messages


 Ionization is required in MS
Analysis and describe how ESI works.


 MS becomes an invaluable technique in the 
proteomics field, why?


Why proteomics relies heavily on genomics 
information for the targeted species?


Reference books:
1. “Fundamentals of Contemporary Mass Spectrometry” 2007
by Chhabil Dass
2. “Protein Sequencing and Identification Using Tandem Mass 
Spectrometry” 2000 by Michael Kinter and Nichols E. Sherman
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 Significance of Bioinformatics tools in   
Proteomics Studies


 Mascot Database Searching Options:
• Methods of database searching
• Practical tips
• Probability based scoring  
• Validation
• Quantitation search
• Error tolerance


 Interpreting Mascot Results
• Summary reports: filters
• Peptide view report
• Protein view report
• Export search results


Overview







Significances of Bioinformatics Tools


 Speed! Speed! Speed!
 Automation


 Higher Confidence 
 Statistical algorithms applied automatically
 Filters
 False Discovery Rate


 Higher Accuracy/Less Subjective:
 Peak detection from large MS/MS datasets
 Large genomic/protein database processing







Database Searching Fundamentals


• Three approaches for using MS data for protein ID


 PMF (peptide mass fingerprint)
- matching measured masses of a subset of an enzymatic peptides against theoretically 
calculated values from database.
- key factors: size of database, mass accuracy and appropriate threshold 


 Sequence Query
- Peptide masses combined with a piece of sequence, composition and fragment ion data: 
called sequence tag, require interpretation of spectrum (manual process) 


 MS/MS Ion Search
- Searching MS/MS data from a single spectrum or complete LC-MS/MS run
- Automated, using software to match lists of fragment ion mass and intensity


Pioneered by John Yates: J. Am Soc. Mass Spectrom. 5: 976-989 1994







MS/MS Ions Search Servers & Engines


 Database search engines offered by MS instrument vendors
- BioWorks (Proteome Discoverer 1.0) from Thermo
- ProteinPilot 2.1 from Applied Biosystems; GPS Explorer 3.5 for MALDI-TOF/TOF from ABI 
- ProteinLynx Global Server (PLGS) 2.4 from Waters


 MS/MS Ions Search Servers on the Web
- Mascot: 
http://www.matrixscience.com/search_form_select.html 
- MS-Tag (Protein Prospector):
http://prospector2.ucsf.edu/prospector/mshome.htm
- OMSSA:
http://pubchem.ncbi.nlm.nih.gov/omssa/index.htm
- PepFrag (Prowl):
http://prowl.rockefeller.edu/prowl/pepfrag.html
- X!Tandem (The GPM site):
http://prowl.rockefeller.edu/tandem/thegpm_tandem.html
- Phenyx:
http://www.genebio.com/products/phenyx/
- Xproteo:
http://xproteo.com:2698/
- Peaks:
http://www.bioinformaticssolutions.com/products/peaks/proteinID.php







Nomenclature for  MS/MS Fragmentation 
of Peptide Ion (How does MS work?)
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* Biomed Mass Spectrom. 11:  601 (1984)
The best paper for interpretation of CID tandem spectra of peptides is:
# Mass Spectrom. Review 14: 49-73 (1995)


Bottom-up: CID/CAD#


Top-down: ECD; Middle-down: ETD: 


CID







ESI Positive CID of Glu-Fibrinopeptide B  
EGVNDNEEGFFSAR


P
P
e
p


b y
130.0499 1570.6768
187.0713 1441.6342
286.1397 1384.6128
400.1827 1285.5444
515.2096 1171.5014
629.2525 1056.4745
758.2951 942.4316
887.3377 813.3890
944.3592 684.3464
1091.4276 627.3249
1238.4960 480.2565
1325.5281 333.1881
1396.5652 246.1561
1552.6663 175.1190
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MS/MS Ion Search 


 Easily automated
- Extremely useful for most proteomics pipelines 


 Can get matches from marginal data
- Multiple low-confidence score peptides could be accumulated to high confidence probability 


 Search speed is dependent on parameters
- no enzyme, number of missed cleavage, database size, variable modifications


 MS/MS is peptide identification
- Protein identifications by inference
- Assigning peptide matches to protein hits can be arbitrary:  particularly in shotgun analysis


Peptide 1 Peptide 2 Peptide 3


Peptide 1 Peptide 2


Peptide 3


Protein A


Protein B


Protein C







Practical Tips







Practical Searching Tips


 Select appropriate database and Taxonomy
- Don’t cheat yourself: Iteratively adjusting search parameters to get a better score can yield 
misleading results 


 Modifications
- Fixed/static modifications cost nothing
- Variable modifications (multiple VM) are expensive
- Use minimum variable modifications


 Miss cleavages
- One is generally enough, >1 adds cost of searching time
- Set missed cleavages by inspection of standards


 Enzyme
- Understanding cleavage sites of enzyme
- “No enzyme” costs more. Use if strictly necessary


 Peptide or MS/MS Tolerance 
- Depending on mass accuracy of MS instruments
- Make a reasonable estimate of mass error: 1.2/0.6 Da for Ion Trap; 0.1/0.05 Da for Q-TOF


Ion Trap Q-TOF







Probability Based Scoring


640







 Algorithm is based on probability that the observed match between the
experimental data, and mass values calculated from a candidate peptide  
or protein sequence, is a random event. The real match, which is not a 
random event, then has a very low probability.


 Probability based scoring  enables standard statistical tests to be applied   
to  results. 


 The calculated probability may be converted into a score
Ion Score = -10 * Log (P)   P = probability. If P = 0.00001, Score = 50


 The calculated probability may be reported as an expectation value: how 
often you would expect to get a match this good or better purely by 
chance; or how hard you try to get a match. 
If match with expectation value: 0.001, meaning one match from 1000 
trials, it is definitely not random. 


 Probabilities =  multiply the acceptable false positive rate by the number 
of trials: For an MS/MS search, the number of trials is the number of 
candidate peptides. 


Understanding Probability Based Scoring







Probability Based Ion Score & Expectation Value







Validation


 Repeat the search, using identical search parameters, against a 
database in which the sequences have been reversed or randomized
Elias, J. E., et al., Nature Methods 2 667-675 (2005). 


 Reversed entries sufficient for MS/MS with enzyme


 Randomized entries required for MS/MS without enzyme


 Direct estimate for FDR present in the results from the real database


 An excellent validation method for MS/MS searches of large data sets. It 
is not as useful for a search of a small number of spectra, because the 
numbers are too small to give an accurate estimate.







Quantitation Searching: emPAI Protocol


The Exponentially Modified Protein Abundance Index (emPAI) offers 
approximate, label-free, relative quantitation of the proteins in a mixture 
based on protein coverage by the peptide matches in a database 
search result.
Ishihama, Y., et al., Molecular & Cellular Proteomics 4 1265-1272 (2005) 


 The information required for emPAI is always present in a search result, and 
there are no parameter settings, as long as the MS/MS search contains at least 
100 spectra.


 emPAI = 10PAI – 1;  PAI = Nobserved /Nobservable ; % molar = emPAI/ Σ[emPAI]*100


 The count of observed peptides only includes peptide matches with scores at 
or above the homology threshold


 A calculated estimate of the number of observable peptides based on the 
protein mass, the average amino acid composition of the database, and the 
enzyme specificity via in silico digests. 







Relative Quantitation: emPAI Protocol


Proteins emPAI % Molar Expected ratio
Lactotransferrin 1.32 78.1 75%
BSA 0.37 21.9 25%
Σ[emPAI] 1.69 100
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Quantitation Searching: emPAI Protocol
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emPAI is particularly useful for determining  
the relative concentration of multiple proteins 
Identified in single samples (e.g. 2D gel spots)


Yang Y. et al., Electrophoresis 2007 28, 2080-94







emPAI Analysis for a Mouse Brain Sample
Relative Protein Conc.


No. Prot_acc Prot_desc emPAI % Molar
3 HBB1_MOUSE Hemoglobin subunit beta-1 (Hemoglobin beta-1 chain) (Beta-1-globin) (Hemoglobin beta-majo      5.93 19.859


15 HBA_MOUSE Hemoglobin subunit alpha (Hemoglobin alpha chain) (Alpha-globin) - Mus musculus (Mouse) 1.76 5.894
30 ATP5E_MOUSE ATP synthase epsilon chain, mitochondrial (EC 3.6.3.14) - Mus musculus (Mouse) 1.60 5.358
4 MDHM_MOUSE Malate dehydrogenase, mitochondrial precursor (EC 1.1.1.37) - Mus musculus (Mouse) 1.23 4.119
1 ATPB_MOUSE ATP synthase subunit beta, mitochondrial precursor (EC 3.6.3.14) - Mus musculus (Mouse) 1.22 4.086


10 ACTB_MOUSE Actin, cytoplasmic 1 (Beta-actin) - Mus musculus (Mouse) 1.14 3.818
29 ATP5I_MOUSE ATP synthase e chain, mitochondrial (EC 3.6.3.14) - Mus musculus (Mouse) 1.04 3.483
2 ATPA_MOUSE ATP synthase subunit alpha, mitochondrial precursor (EC 3.6.3.14) - Mus musculus (Mouse) 1.01 3.382


20 ATP5H_MOUSE ATP synthase D chain, mitochondrial (EC 3.6.3.14) - Mus musculus (Mouse) 0.94 3.148
28 NDUA4_MOUSE NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 4 (EC 1.6.5.3) (EC 1.6.99.3)           0.89 2.981
7 G3P_MOUSE Glyceraldehyde-3-phosphate dehydrogenase (EC 1.2.1.12) (GAPDH) - Mus musculus (Mous 0.86 2.880


22 MBP_MOUSE Myelin basic protein (MBP) (Myelin A1 protein) - Mus musculus (Mouse) 0.78 2.612
24 COX5A_MOUSE Cytochrome c oxidase subunit 5A, mitochondrial precursor (EC 1.9.3.1) (Cytochrome c oxida       0.78 2.612
9 TBA2_MOUSE Tubulin alpha-2 chain (Alpha-tubulin 2) (Alpha-tubulin isotype M-alpha-2) - Mus musculus (Mo 0.77 2.579


12 TMOD2_MOUSE Tropomodulin-2 (Neuronal tropomodulin) (N-Tmod) - Mus musculus (Mouse) 0.76 2.545
26 BASP_MOUSE Brain acid soluble protein 1 (BASP1 protein) (Neuronal axonal membrane protein NAP-22) (22         0.76 2.545
18 CALM_MOUSE Calmodulin (CaM) - Mus musculus (Mouse) 0.73 2.445
27 CH10_MOUSE 10 kDa heat shock protein, mitochondrial (Hsp10) (10 kDa chaperonin) (CPN10) - Mus muscu  0.73 2.445
21 ATPO_MOUSE ATP synthase O subunit, mitochondrial precursor (EC 3.6.3.14) (Oligomycin sensitivity confe       0.71 2.378
5 TBB2C_MOUSE Tubulin beta-2C chain - Mus musculus (Mouse) 0.67 2.244
6 TBB5_MOUSE Tubulin beta-5 chain - Mus musculus (Mouse) 0.67 2.244
8 TBA1_MOUSE Tubulin alpha-1 chain (Alpha-tubulin 1) (Alpha-tubulin isotype M-alpha-1) - Mus musculus (Mo 0.67 2.244


11 CN37_MOUSE 2~,3~-cyclic-nucleotide 3~-phosphodiesterase (EC 3.1.4.37) (CNP) (CNPase) - Mus musculu  0.61 2.043
13 KCRU_MOUSE Creatine kinase, ubiquitous mitochondrial precursor (EC 2.7.3.2) (U-MtCK) (Mia-CK) (Acidic-t        0.61 2.043
17 TPIS_MOUSE Triosephosphate isomerase (EC 5.3.1.1) (TIM) (Triose-phosphate isomerase) - Mus musculus 0.60 2.009
23 PRDX5_MOUSE Peroxiredoxin-5, mitochondrial precursor (EC 1.11.1.15) (Prx-V) (Peroxisomal antioxidant enz                    0.53 1.775
19 ALDOA_MOUSE Fructose-bisphosphate aldolase A (EC 4.1.2.13) (Muscle-type aldolase) (Aldolase 1) - Mus m  0.50 1.674
16 TBA4_MOUSE Tubulin alpha-4 chain (Alpha-tubulin 4) (Alpha-tubulin isotype M-alpha-4) - Mus musculus (Mo 0.47 1.574
25 PHB2_MOUSE Prohibitin-2 (B-cell receptor-associated protein BAP37) (Repressor of estrogen receptor activi     0.46 1.541
14 DPYL2_MOUSE Dihydropyrimidinase-related protein 2 (DRP-2) (ULIP 2 protein) - Mus musculus (Mouse) 0.43 1.440


29.86 100


Top 30 Proteins







Searches fail


• General reasons for failing to get a hit:


 Poor quality of MS/MS data


 Inappropriate parameter settings (enzyme, wrong charge state, 
underestimated mass measurement error) for the database search


 No targeted proteins/peptides in the database


 Unsuspected chemical and other modifications


 In source fragmentation or high-energy fragmentation







Mascot Quantitation Searching 







Quantitation Searching for ITRAQ Labeling 


Quantitation based on the relative 
intensities of fragment peaks at fixed 
m/z values within an MS/MS spectrum.







Error Tolerance Search


Address unsuccessful hits due to the following three reasons:
• Enzyme non-specificity
• Unsuspected modifications
• No sequence in database


 Automatic error tolerance search:
• Normal first-pass search first
• Auto tolerance search as second-pass
against the databases entries found above
• Selected enzyme becomes semi-specific
• Miss cleavage increases by 1
• Modifications are tested serially
• AA substitution tested serially
• Only one of modifications/substitutions is allowed per peptide     


 Manual error tolerance search:
• Normal first-pass search first. Manual tolerance search as second-pass
against the results report used as databases entries. 
• No enzyme specificity combined with modifications or AA substitutions
• “Junk” matches will be higher than auto error tolerance search 


X







Automatic Error Tolerance Search Results







Automatic Error Tolerance Search Results


BSA Succinylation 







Manual Error Tolerance Search Steps
1. Regular search


2. Manual error tolerance


3. Perform search







Manual Error Tolerance Search Steps







Manual Error Tolerance Search Results


BSA Succinylation 







Interpreting Mascot Results: 
Summary Report & Filters 


Search parameters


Proteins identified


Report filters







Interpreting Mascot Results: 
Peptide Summary


Probability scores


Report filters







Interpreting Mascot Results: 
Peptide Summary


Pop-ups show more details







Interpreting Mascot Results: 
Protein View


Probability scores







Interpreting Mascot Results: 
Protein View


Probability scores







Interpreting Mascot Results: 
Peptide View


Probability scores







Interpreting Mascot Results: 
Peptide View


Probability scores







Interpreting Mascot Results: 
Export search results







Interpreting Mascot Results: 
Export search results







Interpreting Mascot Results: 
Export search results







Interpreting Mascot Results: 
Export search results:


Search title Y:\MS\Sheng backup\Analyst data since 24Jul06\Projects\2009_07_16Data\09Oct09\XSm005_20.wiff (sample number 1)
Timestamp 2009-10-13T18:20:45Z
User Celeste Ptak
Email acp49@cornell.edu
Report URI http://mascot.biotech.cornell.edu/mascot/cgi/master_results.pl?file=../data/20091013/F043256.dat
Peak list data path c:\DOCUME~1\mslab\LOCALS~1\Temp\mas50F7.tmp
Peak list format Mascot generic
Search type MIS
Mascot version 2.2.04
Database SwissProt
Fasta file SwissProt_20080728.fasta
Total sequences 392667
Total residues 141217034
Sequences after taxonomy 
filter 63164
Number of queries 1237


Variable modifications --------------------------------------------------------


Identifier Name Delta Neutral loss(es)
1Carbamidomethyl (C) 57.02147 0
2Oxidation (M) 15.99492 63.99829 0
3Succinyl (K) 100.016 0


Search Parameters --------------------------------------------------------


Taxonomy filter . . . . . . . . . . . . Mammalia (mammals)
Enzyme Trypsin
Maximum Missed Cleavages 3
Fixed modifications
Quantitation method None
Variable modifications Carbamidomethyl (C),Oxidation (M),Succinyl (K)
Peptide Mass Tolerance 1.5
Peptide Mass Tolerance Units Da
Fragment Mass Tolerance 0.6







Mascot-based GPS Explorer Database Search for MALDI-TOF/TOF Data 
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Take-home Messages


Describe how MS/MS Ion Search works


 List most common reasons for failed searches


 Describe the significance of False Discovery Rate 
determination


 Describe the circumstances required for error 
tolerance search  
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