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ABSTRACT  

 
Purpose: Create an integrated workflow to automate highly multiplexed SRM method for  evaluation 

for translational proteomics research. 

Methods: Utilize sample-specific AMRT spectral libraries and UHPLC separations to determine 

optimal peptide-based surrogates and corresponding LC and SRM parameters for  automated 

experimental method creation.  Incorporation of dynamic retention time correction based on spiked 

PRTC peptide analysis maximizes SRM scheduling. 

Results: A robust, multiplexed 35-min SRM method monitoring 950 medium- to high-abundant 

plasma and serum peptides was created, refined, and used to profile differential expression resulting 

from different whole blood preparation methods.  

INTRODUCTION 

The creation of accurate mass and retention time (AMRT) spectral libraries from complex samples, 

such as plasma, provides a basis for confident and reproducible detection and identification of 

candidate peptide biomarkers.  The sample-specific AMRT libraries leverage empirical data to link 

optimal peptide-based surrogates with user-defined proteins to translate discovery results into 

targeted methods for simultaneous screening for hundreds of proteins per method.  Here we 

demonstrate the automated workflow in plasma and serum, in which AMRT libraries were generated 

using high pH fractionation of trypsin digests on an HRAM platform, and surrogate peptides were 

identified and selected for targeted data acquisition and verification.  Peptides were empirically 

refined and optimized on a QqQ platform, resulting in a final method targeting 100’s of plasma 

peptides in a 35-minute LC-SRM-MS method.  

 

MATERIALS AND METHODS 

Sample Preparation 

Three different  sets of whole blood were collected following IRB protocols.  Details of collection and 

sample preparation are described in Figure 1.  The plasma fraction was extracted following 

preparation and digested using standard trypsin digestion protocols.  The serum samples were 

divided into 4 different aliquots, allowed to sit for 1, 14, 24, and 48 hours prior to tryptic digestion.  

The fraction library was prepared by loading 100 µg  of plasma digest onto a PS-DVB column for 48 

high pH fractionation.  Replicate analyses of all samples was performed on 2 µg/µL solutions.  Each 

sample was spiked with 25 fmol/µL PRTC peptides. 

 

 

 

 

 

 

 

Methods: 

The initial discovery was performed using a Thermo Scientific™ Q Exactive™ HF Orbitrap™ mass 

spectrometer.  Standard data dependent acquisition (DDA) was used for both spectral library creation 

with MS1 resolution set to 120,000 (@ m/z 200) and a loop count of 8 MS2 scan events with a 

resolution setting of 15,000. A total digest load amount of 20 µg was used for all replicate analyses. 

Targeted SRM experiments were performed on a Thermo Scientific™ TSQ Quantiva™ triple 

quadrupole mass spectrometer using unfractionated plasma and serum spiked with 10 fmol/µL PRTC 

peptides. Spectral libraries were generated in Skyline software and used to prioritize peptide 

selection and transition refinement.  An initial list of 1191 peptides was targeted in 53 unscheduled 

runs (1653 precursors, >20,000 transitions), and peaks were verified in Skyline.  Transitions were 

reduced to a total of 5 per peptide, using the dot product and RT values from the spectral library to 

guide peak picking, which resulted in a final list of 950 plasma peptides (representing 241 proteins), 

15 PRTC peptides with 4762 transitions.  An identical LC and chromatographic conditions were used 

on the TSQ Quantiva MS as in the discovery phase on the Q Exactive HF MS.  

A breakdown of the experimental workflow is shown in Figure 2, including time to acquire data, refine 

and optimize the targeted method, and acquire data on the TSQ Quantiva MS in the final method.  
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RESULTS 

The goal of this work was to identify a large number of peptide targets in fractionated plasma using 

AMRT, and translate those data to an optimized, targeted method on a QqQ.  In most cases, targeted 

peptide workflows monitor a limited number of peptides, but this number has been increasing in 

recent years.  Once a peptide surrogate for a protein has been selected, transitions have been 

refined, and collision energy optimized, those method-related parameters can be saved for future 

use.  Here we show the process and associated time necessary to establish this “AMRT-to-Targeted” 

workflow (Figure 2).  Spectra can be continually added to the library for subsequent optimization, and 

relying on AMRT and Skyline streamlines manual data evaluation. Ultimately, the spectral library 

database will serve as a compendium of peptide targets from various biological sources, which can 

be quickly refined and optimized for targeted analyses.  While this approach targeted 950 plasma 

peptides (4762 transitions) in one targeted method, the same method-related parameters could be 

applied to subsets of these optimized peptides for rapid assay deployment on a TSQ Quantiva MS.  

MATERIALS AND METHODS – cont. 

Dynamic Retention Time (dRT) adjustment was used, along with RT scheduling, to accommodate all 

4762 transitions in the 35 minute SRM method.  Five RT landmark peptides from the PRTC mix were 

used to monitor RT shifts during acquisition (with 3 min RT windows), and the remaining peptide 

targets had 1 min RT windows. Any RT shifts detected  in the PRTC landmark peptides during the 

method would be applied to subsequent peptide targets, maximizing dwell times and minimizing the 

chance for cut-off peaks.   

All chromatographic separations were performed using a Thermo Scientific™ Vanquish™ Horizon 

UHPLC pump and autosampler, standard binary solvents, and trapping/analytical column system 

comprised of Sepax PolyRP-100 5 µm, 2.1 x 30 mm trapping column (Sepax Technologies Inc., 

Newark, DE) and an Thermo Scientific™ Acclaim™ 120, 2.2 µm, 250 x 2.1 mm analytical column.  

Samples were loaded onto the trapping column at a flow rate of 1 mL/min and washed for 1 minute 

prior to reducing flow rate to 250 µL/min and diverting the flow to the mass spectrometer and staring 

a 1% per minute gradient for 30 minutes before diverting the flow back to waste to clean and re-

equilibrate the columns. 

  

Data Analysis 

Thermo Scientific™ Proteome Discoverer™ 2.2 software was used to perform sequence matching for 

all fractions and resulting search result files were used to create spectral libraries to perform spectral 

matching in Pinnacle software for global proteome profiling from resulting replicated data acquisition 

on the Q Exactive HF mass spectrometer. Search results were also imported into Skyline for peptide 

selection, transition refinement, and for building targeted SRM methods, including CE optimization 

and iRT retention time prediction.    

Figure 2.  Workflow for converting AMRT discovery data to a refined and optimized targeted 

method.  Using a Q Exactive HF platform, AMRT spectral libraries are generated from fractionated 

plasma samples. Generation of spectral libraries is the most time consuming process, as the sample 

is split into 48 fractions and individually analyzed.  The resulting data are searched and converted to 

spectral libraries, which are basis for designing and optimizing targeted conditions for each peptide.  

Approximately 3 days are spent selecting and refining peptide transitions to result in the 5 best 

product ions, and collision energy was optimized on an LC-timescale, which in most cases improved 

peptide response.  The result was an optimized list of 950 plasma peptides, representing 241 

proteins, that can be targeted on any TSQ Quantiva instrument with no further MS optimization 

necessary.  
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Figure 3. Comparative retention time analysis between an SRM analysis on unfractionated 

plasma compared to discovery in fractionated plasma and a data-dependent unfractionated 

plasma.  As expected, the correlation is better when comparing the same sample (unfx), but the 

regression slope is near 1 in both cases, demonstrating good retention time reproducibility for the 

majority of the peptides detected (fx QE = 867 peptides in common; unfx QE = 400) 

Figure 4.  TSQ Quantiva SRM Visualization Plot for 965 precursors.  The minimum dwell time per 

transition (top plot) and the number of concurrent transitions per retention time (bottom plot) are a 

feature in the TSQ Quantiva software to aid in maximizing dwell time during acquisition. Ideal dwell 

times are >1 msec, and the range in dwell times for these experiments was 0.65-48 msec.  

Figure 5.  Peptides targeted on the TSQ Quantiva MS are ordered by intensity rank.  Based on 

peptides detected in the fractionated sample on the Q Exactive HF MS, the TSQ Quantiva MS 

detected ~3-log intensity range in the unfractionated sample.  Blue bars indicate PRTC peptides, 5 of 

which were used as RT landmark peptides in the targeted SRM analyses.   

Figure 6.  Plot of response versus load amount of plasma digest for peptides monitored from 

Plasminogen (PLMN) on the TSQ Quantiva MS. Each peptide has a different analytical response, 

but the highest responding peptide (LSSP…) and the lowest responding peptide (EAQL…) have 

linear responses and good R2 .  
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Figure 7.  Retention Time Reproducibility was Stable with different plasma load amounts. 

Peptides monitored for Plasminogen (see Figure 6) showed stable retention time over different 

plasma load amounts, indicating reproducibility and potential for transferability.  

CONCLUSIONS 

Here we demonstrate an effective workflow that transitions AMRT discovery data from a Q Exactive 

HF MS to a targeted method on a TSQ Quantiva MS.   

 Spectral libraries greatly aid in peptide and transition selection through software such as Skyline.  

 Reproducible retention times on different LCs made method transfer less complicated, especially 

for scheduling targeted runs on a QqQ in a 35 minute method.  

 A method was generated with refined and optimized MS settings for 950 plasma peptides 

representing 241 proteins, and was used to monitor several different plasma and serum samples. 

 The optimized peptide settings can be stored in a database or repository and imported into a 

targeted method list without further MS optimization. 

 Retention time scheduling was made easier through the use of the spectral library retention times, 

iRT prediction, and dynamic RT scheduling on the TSQ Quantiva MS.  
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Figure 8. Measured peak area values for targeted peptides representing two plasma proteins 

shown to be more greatly affected by sample collection and preparation methods.  

Thrombospondin and Hemoglobin subunit alpha both increase in abundance as clotting occurs in 

blood.  These samples were either spun at 2000 RCF for 30 min or 800 RCF for 5 minutes (in 

Heparin or K2EDTA vacutainers).  The Serum samples (S1-S48) were left on the benchtop for 1, 14, 

24, and 48 hours prior to sample prep, which increases the chance of clotting.  This highly 

multiplexed targeted method on the TSQ Quantiva MS detected significant increases in peak area for 

samples spun at lower RCF, and for serum sitting on the bench top. In addition, Heparin vacutainers 

appeared to minimize the incidence of clotting, with lower overall peak areas for these 2 proteins.   
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Sample Name 

Hemoglobin subunit alpha,
VGAHAGEYGAEALER - 510.5829+++

Thrombospondin,
GTLLALER - 436.7636++


