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Overview SRM method construction with hydrophobicity Figure 3. Prediction of TSQ peptide retention times for
calculations: The sequences of the PRTC peptides (Table a 12 protein mix (a) and 35 proteins from insulin
Purpose: Develop and apply a peptide retention-time 1) and the raw MS files from the PRTC mixture were stimulated 293T lysate (B,C) using elution interpolation
calibration (PRTC) mixture to evaluate LC performance and analyzed in triplicate using a gradient of 1.0% per minute from an Orbitrap Instrument.
to ease creation of scheduled SRM methods. on the TSQ Vantage and imported into Pinpoint 1.1™
Methods: An equimolar mixture of 15 heavy peptides that Software. A linear relationship between observed retention A B
elutes across the full C,, chromatographic gradient (5-40% time and peptide hydrophobicity was computed based on - I
acetonitrile) was deve|oped on mu|t|p|e LC_MS platforms_ hydrOphOb|C|ty CaICU|atiOnS.1 FASTA-fOI’matted lists Of e 7:;3047)?5.07182;RA2=.99757 BT e ——
target proteins were then imported and digested in silico, - . .
Results: APRTC mixture can accurately predict tryptic modifications were added, and the transitions and retention - <"
peptide retention times with high correlation to experimentally times were calculated. Only y type ions (y3 — yN) were ég‘; &
determined times (R? > 0.9). The PRTC mixture enabled used with a molecular mass of 300-1500Da. Methods were P ﬁf
reliable peptide retention time prediction and SRM then exported so that < 200 transitions per scan cycle were A&ﬁ@
scheduling for peptides of unknown retention time. monitored on a TSQ Vantage. The initial results were then : i
. refined in Pinpoint 1.1 Software to only include peptides B
Introduction with at least three strong transitions.
Mass spectrometry (MS)-based targeted protein SRM method construction by instrument interpolation: C
guantification methods offer high multiplexing capability, The PRTC mixture was analyzed on the Orbitrap-XL (100 [T Theimo PInpoint WorKSpace | LLIDOCUMENts and SertinEsWICh et HosenDIati ity Dot UMENTS IS 11om DeoKIop exper IEnto ]
excellent reproducibility, short analysis time, and automation minutes, 0.25% per minute gradient) and the TSQ Mass - —————————————————————————
for replicate analysis. The most common targeted MS Spectrometers (35 minutes, 1.0% per minute gradient). s wtombook|( " FanFisWarsporent | _Daaiipsnsodyen | et Revertpis | pelopeavisprasion |
strategy is selective reaction monitoring (SRM). To achieve Digested peptides from a 12 mix or 293T digest were then . T R ——
sufficient dwell times required for accurate multiplexed analyzed on the Orbitrap Mass Spectrometer with the same sodPon | {8 >ePOGE3GHSS05 HUMAN Hoalshock melen HSP S0 O5-Hamo spions GN-H5FS0AD1 PE=1 SV-4
quantitation by SRM, the number of monitored SRM gradient with the PRTC mixture spiked in at 100fmol/uL v R e o e O oaLo0A Pt ves
transitions per cycle must be limited. This is accomplished by (500fmol on column). The data from the neat PRTC mixture Crose gt | | =200 Pt 5o i e o
proper gradient choice and scheduling of SRM transitions and the digested samples were processed using Thermo ey T e e
based on peptide retention. Scheduling limits the detection of Scientific Proteome Discoverer 1.2 and the resulting search e Ml eeoamont s HUMAN Tuin sphath Shan Cocrom sapise aY-TUBATD PESTEV
SRM transitions only to those peptides eluting within a (.msf) files were saved. The search file from the neat SIS T e L e S e A A B
specific time window. trainer set and the raw PRTC data from the TSQ were used st | |
The Thermo Scientific Pierce Peptide Retention Time in Pinpoint Software for the column calibration between B | [0 s oo st
. . instruments. Finally, the search files for the digested copotiosy | | >+oPES2MISELP_HUMAN Guarine mudeoide brda poten suburtbe 2k 1 0S=Horm sapiene GH-GHBZLT PE = 5V=3

Calibration (PRTC) Mixture (Part No. 88321) enables . . . tprcein aeto-gran | % ?ePIP2ADITKT_HUMAN Tiansketolass 0S-Hom sapiers GN=TKT PE=1 5V=3
assessment of chromatographic performance and samples were imported into the Pinpoint Software as T | e

G L spectral libraries, retention times were predicted, and SRM [ CoitonErergy || (2 »sriPGZZSAN 420 HUMAN 1422 ke cpron O-Home sl GSAVMAE PEST SVt
chromatography column calibration for retention time - R e i S S e e T2
prediction. When used with Thermo Scientific Pinpoint 1.1™ mefnods were consiucted as described above | e e
Software, the PRTC mixture can predict peptide relative e T e
retention times across platforms and can predict retention B sty (I e 55 AN 1453 oo e 55T s SNSPW BB FET 67
times of theoretical peptides sequences using a Figure 2. Validation of scheduled SRM analysis of 12 e Tt o271 4557 HUMA 143 et e Soxt o catons Y SHAG PE1 SVt
hydrophobicity factor (HF) calculation algorithm.’ protein mix peptide retention times on a TSQ with B

In addition to assisting with SRM method building, the PRTC hydrophobicities calculated from peptide sequence alone.

mixture of 15 heavy peptides is also an excellent tool for

verifying routine instrument performance. Because the mass ¥ EEElREELEE In addition, the PRTC mixture was used to calibrate

and sequence of all peptides are known, they can be used to 0.53029x + 5.22863 ; RA2=,96367 chromatographic performance between instruments and to

optimize peak width and peak resolution or benchmark C, ;- — ease the migration from protein discovery to targeted

based packing materials and chromatography columns ot | quantitation methods. By running the PRTC mixture on

varying lengths and diameters. The PRTC mixture can also o y both instrument platforms, retention times and spectral

be used to normalize for autosampler variability and retention 20,50 libraries from proteins discovered on an Orbitrap

time shifts. » Instrument could be readily used by Pinpoint Software to
build scheduled, targeted SRM assays on the TSQ. This

Methods = was assessed using peptides from a 12 protein mixture

15.89

and from a 293T cell lysate (Figure 3). Again, the

Twelve protein mix sample preparation: A 12 protein observed retention times on the TSQ correlated well with

Retention Time (minutes)

mixture consisting of cytochrome c (horse), a-lactalbumin 158 o the library retention times observed on the Orbitrap
(bovine), serum albumin (bovine), carbonic anhydrase o Instrumerﬁt This discovery-to-targeted strategy also
(bovine), Iactoperox@ase (bovme),_ glutqmate . 8.22 , provided reference CID or HCD spectra to assist in the
dehydrogenase (bovine), ovalbumin (chicken), a-casein building and assessment of SRM transitions. This
(bovine), 3-casein (bovine), ribonuclease (bovine), transferrin Hes———= Nter ogljation method also eased the buildin -of tarqeted
(bovine) and alcohol dehydrogenase (yeast) was prepared at I SRM methods for hydrophilic peplides where retertion can
equimolar ratios. Cysteines were alkylated with iodoacetic Hydrophobicity Factor be difficult t di %’ H hosoh tides (dat t
acid. The equimolar mixture was digested with trypsin for e difficult to predict, such as phosphopeptides (data no
exactly 2 hours in 50 mM ammonium bicarbonate (pH = 7.8) shown).

at 37 °C. In all experiments, exactly 1.0pmol was analyzed :

on the 1.0mm columns and 250fmol were analyzed on 75um Results Conclusions

columns. Analysis of the PRTC mixture on Orbitrap and TSQ Vantage The PRTC mixture is a powerful retention time calibration
Preparation of peptide digests from insulin stimulated Instruments configured for discovery or targeted quantitation, tool. Using this mixture, scheduled SRM methods can be
293T cells: 293T cells (2.0x10° cells) were treated with respectively, demonstrated high resolution separation of the created for the multiplexed analysis of peptide targets in a
insulin (5pg/mL) for 30 minutes. Cells were harvested and PRTC mixture across column stationary phases, formats and single short run. Robust, multiplexed SRM methods for
lysed in 8M urea containing Thermo Scientific Halt Protease flow rates (Figure 1). The elution of peptides across the entire targeted quantitation can be built using peptide sequence
and Phosphatase Inhibitor Cocktail (Part No. 78440). The gradient also permitted optimization of chromatographic alone, using data from discovery MS experiments, or using
lysates were sonicated briefly and protein concentrations conditions and assessment of performance for multiple runs. public mass spectral libraries.

were determined with the Thermo Scientific Pierce 660nm = Chromatography and MS instrument performance can

Protein Assay (Part No. 28660). Ten milligrams of protein The peptide sequences and the wide distribution of |
samples were digested overnight with trypsin (1:250 hydrophobicities for the PRTC mixture were used to predict

enzyme/substrate) at 37°C and frozen in aliquots at — 80 °C retention times for peptides based on sequence alone. A = Peptide retention times can be predicted with sequence
or desalted offline using C,g cartridges. Lyophilized peptides comparison of the experimentally validated retention times using calculated hydrophobicity factors

were dissolved at 5 mg/mL in 25 mM ammonium bicarbonate (based on prediction) for peptides from a mixture of 12
standard proteins had strong correlation (R%=0.96, Figure 2).

be quickly assessed and optimized

= Peptide elution for multiple instrument platforms can be

222;?:2 s:l?r:isgs é?\?er”;g; ;I;\heefifrrs(,)tzg?) Sn?irt?tlgss (‘;‘ﬁ[]ee predicted using sequence or instrument interpolation

injected material to waste before initiating the LC gradient. = Prediction of elution simplifies the optimization of

LC-MS/MS analysis: LC-MS/MS analysis was performed on scheduled SRM windows for improved quantitation and
] il increased multiplexin

a Thermo Scientific LTQ-XL Orbitrap Mass Spectrometer _ _ _ _ P J

using a self-packed column (751m x 20cm) containing Magic Table 1. Heavy isotope-labeled peptides in the peptide = The PRTC mixture provides an internal standard to

C. (Michrom Bioresources). Gradients ranging from 0.25- retention time calibration (PRTC) mixture. normalize retention times and peak intensities between

9.0% per minute were evaluated using Buffer A (0.1% formic runs

acid) and Buffer B (0.1% formic acid/99.9 % acetonitrile) at , Hydrophobicity

300nL per minute. SRM experiments were performed on a # Sequence [M +2H] Factor (HF) References

Thermo Scientific TSQ Vantage mass spectrometer using a
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yperstl oid w16 column (1.0 159mm; Part 1o, 25005- 2 GISNEGQNASIK 613.32 15.50 " calouator. A family of poptide retention e predicton
150165) at flow rates of 120 uL per minute. All SRM methods ' ' . - y orpep 16 Pre

. N 3 HVLTSIGEK 499.28 15.52 algorithms in reversed-phase HPLC: applicability to
were constructed using Pinpoint 1.1. . . ..
4 DIPVPKPK 451.28 17.65 various chromatographic conditions and columns. Anal
5 IGDYAGIK 422.73 19.15 Chem 79(22):8762-8.
| | | o 6 TASEFDSAIAQDK 695.83 25.88
Figure 1. Comparison of Peptide Retention Time 7 SAAGAFEGPELSR 586.80 25 24 Acknowledgem ents
acr?cl; lgl_rsago\?alr\lﬂsgétjer(eB(;rlln'gilreurm(e)nfsmentlflC Orbitrap (A) 8 ELGQSGVDTYLQTK 773.89 28.37 We thank Sebastien Gallien, Bruno Domon, Zhigi Hao, and
' 9 GLILVGGYGTR 558.32 32.18 Rosa Viner for valuable suggestions and feedback.
A Gradient = 0.25 % per minute 10 GILFVGSGVSGGEEGAR 801.41 34.50
o 11 SFANQPLEVVYSK 745.39 34.96
- L 12 LTILEELR 498.80 37.30
70 68.69 14 :
§ " ar oo 13 NGFILDGFPR 573.30 40.42
.
EZS " M n 14 ELASGLSFPVGFK 679.37 41.18
1o 14.25 19.9 6 70.64 78.29 A
| 15 LSSEAPALFQFDLK /87.42 46.66
| \ | Magic C18 a trademark of Michrom Bioresources. All other trademarks are the property of Thermo Fisher Scientific
\ \‘ s ‘ and its subsidiaries.
\ ‘\ h' \‘;‘ 760 This information is not intended to encourage use of these products in any manners that might infringe the intellectual
15.13 “\‘ \ \ “r\ Heav amino acid in bold property rights of others.
i e | e Y

Gradient = 1.0 % per minute
SRM mode
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