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Protein Analysis and Biomarker Discovery

LTQ Orbitrap
- High Res, Accurate Mass
- Ultimate Peptide Machine

LTQ FT Ultra
- Ultra high res., Accurate Mass
- Top Down, Biomarkers, PTMs

LTQ XL Linear Ion Trap

ETD ETD 

and PEAKS de novo
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General Biomarker Discovery & Qualification Strategy: 
a Split-sample Design and h-SRM Targeted Analysis

TREATMENT (R)
(complete & partial) 
60 x 1 mL plasmas

CONTROL
(NR)

200 x 1 mL plasmas

5 x 1 mL NR (A-E)
5 x 1 mL R (A-E)

blinded, randomized

50 x 1 mL NR
(F-J)

50 x 1 mL R
(F-J)

BRIMS SPL PREP WORKFLOW
internal standards, depletion, 

digestion (trypsin)   

HT DATA ANALYSIS
SIEVE, Sequest

BRIMS LC-MS WORKFLOW
randomized, sequential DD LC-MS  

high-flow split setup w/sample 
collection for every run

iterative analyses based on SIEVE 
results   

stable isotope-labeled peptides

CANDIDATE MARKERS

QUALIFIED 
MARKERS

candidate-based
screening & quantification
by IDMS or h-mSRM on 

triple quadrupole

candidate-based
screening & quantification
by IDMS or h-mSRM on 

triple quadrupole 

Discovery

Barr JR et al. Clin Chem. 1996 Oct;42(10):1676-82. 
Isotope dilution--mass spectrometric quantification of 
specific proteins: model application with apolipoprotein A-I.
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Marker Verification: Targeted Protein Quantitation

Sensitive, Robust, Peptide Assays

Enhanced Selectivity
• h-SRM
• FAIMS

Hundreds of SRM transitions / second
• Very short dwell times (2 ms)
• 1 microscan/transition

MRM-triggered MS/MS for peptide    
structure confirmation
Fast chromatography with NEW Accela
UHPLC

TSQ Quantum Ultra
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Schematic of Reaction Monitoring:
High Selectivity and Sensitivity

Q2

Precursor Ion
Pre set

Product Ion
Pre set

A “proteotypic” peptide is selected as being representative of a 
targeted protein. Q1 is set to transmit only the parent m/z of the 
selected peptide and Q3 is set to transmit only a selected fragment 
ion. Quantum has a very fast SRM dwell time (2 ms), so that multiple 
SRM (MRM) analyses can be carried out during each scan of an 
LC/MS/MS run.  It is practical to monitor up to 300 SRM 
transitions/sec.

Q3Q1

CID
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Hyperbolic INVAR Alloy Rod Design: 
Unmatched Resolution to Enhance S/N

Increased bioanalytical method robustness

Eliminate matrix interferences

Collision Cell

0.2 FWHM
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From Protein…to SRM

MNSFSTSAFGPVAFSLGLLLVLPAAFPAPVPPGEDSK
DVAAPHRQPLTSSERIDKQIRYILDGISALRKETCNKS
NMCESSKEALAENNLNLPKMAEKDGCFQSGFNEET
CLVKIITGLLEFEVYLEYLQNRFESSEEQARAVQMST
KVLIQFLQKKAKNLDAITTPDPTTNASLLTKLQAQNQ
WLQDMTTHLILRSFKEFLQSSLRALRQM

Previously detected in discovery experiments?

SRMs chosen based on 
peptide MS/MS spectra 
acquired from previous 
experiments.

SRMs designed in silico
based on protein 
sequence by using “P3 
Predictor”*.

Yes No

*Use of P3 courtesy of Mike MacCoss, 
University of Washington
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Peptide Selection and SRM design

Protein detected in previous LC/MS/MS experiments:
• peptide was seen many times
• unique for targeted protein
• contain no Cys, Met or other commonly modified aa residues
• 600 – 2000 MW
• SRM transition chosen based on MS/MS spectrum

If no HPLC/MS/MS data, use P3 Predictor SRM prediction tool 
• provide amino acid sequences of targeted proteins
• in silico trypsin digestion

• Tryptic peptides which contain no Cys, Met, His, NxS(T) modification, or R-P or K-P
• user defined peptide length

• User selects one or multiple candidate peptides from the list and P3 Predictor 
provides Q1 and Q3 SRM transitions automatically with proper collision energies

• Output .csv file which Quantum can accept directly
Generally, multiple fragment ions for each selected peptide will be used to 
maximize specificity (reduce possibility of interferences).

Use of P3 courtesy of Mike MacCoss, 
University of Washington
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The Benchmark

53 targeted proteins

MRM assay

137 SRM transitions

Add IL-6 to determine
Sensitivity
Linear dynamic range

Assay performance

Peptide confirmation by MS/MS
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Sample Preparation

• Whole Human Serum (Sigma). 
• Diluted 40X with 6M Guanidine
• IL-6 exogenous protein standard curve
• 1 mL of diluted human serum sample was reduced with 1M 

dithiothreitol and S-carboxymethylated with 1M iodoacetic acid.
• Reduced and S-carboxymethylated human serum sample was 

exchanged into 100mM ammonium bicarbonate buffer and 
digested with trypsin. 

• The digest mixture was dried by a Speed-Vac and reconstituted 
with 200µL water containing 0.1% TFA.
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Peptide Selection and SRM transition design

• 53 high and medium abundance proteins (same as 
Anderson) were analyzed. 

• One representative tryptic peptide for each protein was 
selected based on several criteria defined by Anderson

50 peptides - multiple fragment ions were chosen

3 peptides - single fragment ion

• Total of 103 SRM transitions 



12

P3 Predictor Software

Use of P3 courtesy of Mike MacCoss, 
University of Washington
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HPLC 

• PicoFrit C18 column from New Objective (75µm x 100mm)

• Surveyor MS pump; MicroAS autosampler 
Buffer A: 0.1%FA/2%ACN/98%H2O
Buffer B: 0.1%FA/100%ACN 
Post-split flow rate was 300nL/min. 
Gradient 2% B to 50% B in 85 min.

• The sample loading flow rate was 5µL/min and loading time 
was 15 min. 
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MS

TSQ Quantum Ultra with IonMax source equipped with a column adapter for 
nanoflow (New Objective).
For SRM:
SRM 1:                Q1, 0.7 FWHM; Q3, 0.7 FWHM
SRM 2:                Q1, 0.4 FWHM; Q3, 0.7 FWHM
SRM 3 (h-SRM): Q1, 0.2 FWHM; Q3, 0.7 FWHM

Q2, 1.5 mTorr (Ar)
Scan width, 0.002 m/z
Scan time, 20 ms and 2 ms

SRM-triggered MS/MS:
Scan Event 1: 
Q1 & Q3: 0.7 FWHM; Q2: 1.5 mTorr; Scan width, 0.002m/z; Scan time, 20ms
Scan Event 2:
DD precursor mass from Scan Event 1; Q1, 0.7 FWHM; signal threshold 
30,000 counts; Q2: 1.5 mTorr, CE: 0.034 x precursor mass m/z + 3.134; 
Dynamic exclusion settings: repeat, 1; duration, 30s; exclusion time, 30s; 
exclusion list size, 50.

Compare 3 Q1 
Resolution Settings

Compare 2 
Q2 Scan Times



15

Fast SRM Scan Time (2 ms available)
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Unique High Resolution For Q1 & Q3

You get high resolution with one click
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“MRM-Triggered” Data Dependent MS/MS
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“MRM-Triggered” Data Dependent MS/MS

Data Dependent Settings

Normalized Collision
Energy Settings
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Excellent sensitivity: 20 amol Detection Limit for IL-6

RT: 29.99 - 36.11 SM: 7G
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RT: 33.14
AA: 24.73
SN: 22

NL: 1.15E1
m/z= 844.39-844.59 F: + c ESI 
sid=8.00  SRM ms2 
560.820@cid22.00 
[616.379-616.381, 731.409-731.411, 
844.489-844.491]  MS  Genesis 
IL_6_20amol

YILDGIDSLR 
representing IL-6

m/z 560.82 844.49
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Wide Linear Dynamic Range: Over 4 Orders of Magnitude

YILDGIDSLR representing IL-6
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LGPLVEQGR (Apolipoprotein E)

RT: 0.00 - 90.00 SM: 7G
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36.10

55.74

37.70

36.67

36.47

NL: 4.07E4
TIC F: + c ESI sid=8.00  
SRM ms2 
484.800@cid20.00 
[588.299-588.301, 
701.399-701.401]  MS 
humanserum01

NL: 2.02E4
TIC F: + c ESI sid=8.00  
SRM ms2 
484.800@cid20.00 
[588.299-588.301, 
701.399-701.401]  MS 
humanserum02

NL: 1.59E4
TIC F: + c ESI sid=8.00  
SRM ms2 
484.800@cid20.00 
[588.299-588.301, 
701.399-701.401]  MS 
humanserum03

Q1: 0.7 FWHM

Q1: 0.4 FWHM

Q1: 0.2 FWHM
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QGFGNVATNTDGK (Fibrinogen beta chain)

RT: 0.00 - 90.00 SM: 7G

0 10 20 30 40 50 60 70 80 90
Time (min)

0

20

40

60

80

100
0

20

40

60

80

100

R
el

at
iv

e 
A

bu
nd

an
ce

0

20

40

60

80

100
34.69

57.21

41.94
48.63 62.6156.5936.75

35.21

33.51 62.66
57.83

34.95

57.21

NL: 1.27E3
TIC F: + c ESI sid=8.00  
SRM ms2 
654.800@cid26.00 
[706.299-706.301, 
805.399-805.401]  MS 
humanserum01

NL: 1.08E3
TIC F: + c ESI sid=8.00  
SRM ms2 
654.800@cid26.00 
[706.299-706.301, 
805.399-805.401]  MS 
humanserum02

NL: 1.60E3
TIC F: + c ESI sid=8.00  
SRM ms2 
654.800@cid26.00 
[706.299-706.301, 
805.399-805.401]  MS 
humanserum03

Q1: 0.7 FWHM

Q1: 0.4 FWHM

Q1: 0.2 FWHM
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TVIGPDGHK (Fibrinogen alpha chain)

RT: 0.00 - 90.00 SM: 7G
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35.14

29.80

39.31

29.03 44.65

35.76

38.74

39.8728.77

35.51

30.62 44.1929.34 48.05

NL: 2.98E3
m/z= 780.30-780.50 F: + c 
ESI sid=8.00  SRM ms2 
570.800@cid23.00 
[780.399-780.401, 
867.499-867.501]  MS 
humanserum01

NL: 9.34E2
m/z= 780.30-780.50 F: + c 
ESI sid=8.00  SRM ms2 
570.800@cid23.00 
[780.399-780.401, 
867.499-867.501]  MS 
humanserum02

NL: 4.64E2
m/z= 780.30-780.50 F: + c 
ESI sid=8.00  SRM ms2 
570.800@cid23.00 
[780.399-780.401, 
867.499-867.501]  MS 
humanserum03

Q1: 0.7 FWHM

Q1: 0.4 FWHM

Q1: 0.2 FWHM
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AEIEYLEK (L-Selectin)

RT: 0.00 - 90.00 SM: 7G
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31.22
44.54

38.52

43.77

38.27

44.95

NL: 3.25E3
m/z= 794.30-794.50 F: + c 
ESI sid=8.00  SRM ms2 
497.800@cid20.00 
[681.299-681.301, 
794.399-794.401]  MS 
humanserum01

NL: 1.53E3
m/z= 794.30-794.50 F: + c 
ESI sid=8.00  SRM ms2 
497.800@cid20.00 
[681.299-681.301, 
794.399-794.401]  MS 
humanserum02

NL: 9.82E2
m/z= 794.30-794.50 F: + c 
ESI sid=8.00  SRM ms2 
497.800@cid20.00 
[681.299-681.301, 
794.399-794.401]  MS 
humanserum03

Q1: 0.7 FWHM

Q1: 0.4 FWHM

Q1: 0.2 FWHM
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VVGGLVALR with Different MRM Scan Times

RT: 39.99 - 48.05
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44.53
44.23

44.23
44.20
44.18 44.27

44.29
44.11

44.32

44.34
44.09

44.36

44.39

44.41
44.06 44.43

NL: 6.15E4
TIC F: + c ESI sid=8.00  
SRM ms2 
442.300@cid18.00 
[685.399-685.401, 
784.499-784.501]  MS 
humanserum01

NL: 4.02E3
TIC F: + c ESI sid=8.00  
SRM ms2 
442.300@cid18.00 
[685.399-685.401, 
784.499-784.501]  MS 
serum_2msdwelltime

20 ms

2 ms
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MRM-Triggered MS/MS: ATEHSTLSEK (Apolipoprotein A-I)

RT: 19.90 - 40.03 SM: 7G
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30.11 NL: 5.91E5
TIC F: + c ESI sid=8.00  
SRM ms2 
405.900@cid17.00 
[664.399-664.401, 
777.499-777.501]  MS 
humanserum_MSMS

humanserum_MSMS #29175 RT: 30.03 AV: 1 NL: 1.24E6
F: + c ESI sid=-8.00  d Full ms2 405.900@cid16.80 [30.000-821.800]
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363.14 522.51
249.28 777.52147.09 399.82

577.53

266.99 664.34368.2686.04 99.94 476.3444.09 568.80173.02 406.35129.3683.79
220.89 628.46 740.42348.1374.17 421.51 481.23 546.07214.83 275.78 584.71 639.44328.21 452.91 787.77712.3760.28

MRM of 405.9 +2

MS/MS of 405.9 +2
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SEQUEST Database Search Match
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Summary Table: MRM-triggered MS/MS
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Assay Precision
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Assay Precision
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Results comparison

Anderson et. al. Current Study
Sensitivity:
Two proteins with 
relatively low normal 
concentrations in 
plasma were clearly 
detected among the 
MRMs tested:          
L-selectin and 
Fibronectin

Sensitivity:
Two proteins with 
relatively low normal 
concentrations in 
serum were clearly 
detected among the 
MRMs tested:        
L-selectin and 
Fibronectin
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Results comparison

Anderson et. al. Current Study
Maximum working 
dynamic range: >4 
orders of magnitude
(from 1E+04 cutoff, 
corresponding to a S/N 
of 10, to the highest peak 
area of 1E+08 for an 
albumin peptide in whole 
plasma digest samples)

Maximum working    
dynamic range: >4       
orders of magnitude

(from lowest peak areas 
of 6E+04 from Fibrinogen 
beta chain to the highest 
peak areas of 6E+08 from 
albumin peptide in whole 
serum digest samples)
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Results comparison

Anderson et. al. Current Study
Six proteins were not 
reliably observed:
coagulation factor V

vitamin K-dependent 
protein C

C4b-binding protein 

inter-alpha trypsin 
inhibitor light chain

apolipoprotein C-II

alpha1-antitrypsin

Two proteins were not 
reliably observed:

apolipoprotein C-II        
(CV: 60%)

alpha1-antitrypsin         
(CV: 50%)
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Results comparison

Current StudyAnderson et. al.
Assay Precision:

Undepleted plasma:                        
CVs (n=10) were from 3-56%  
(50% of MRMs had CV<10%)

Depleted plasma:        
CVs (n=10) were 2-22% 
(78% of MRMs had CV<10%)

Assay Precision:

Undepleted serum:          
CVs (n=6) were from 5-26%  
(50% of MRMs had CV≤10%)
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Conclusions

h-mSRM assays on TSQ Quantum Ultra provide robust targeted protein quantitation 
in serum or plasma

• Biomarker verification
• Targeted discovery

2 ms scan times allow hundreds of SRMs/sec

h-SRM reduces matrix interference without significant signal loss
• improves assay sensitivity and robustness
• More proteins reliably quantified

“MRM-triggered” MS/MS for peptide confirmation

Demonstrated excellent analytical performance
• 51/53 proteins quantified
• CVs from 5-26% (with more than half less than 10%)
• Most peptides confirmed with MRM-triggered MS/MS
• Assay linear over 4 logs
• Sensitivity 20 amol on column
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