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Introduction 
 

• Selected reaction monitoring (SRM) coupled with stable isotope 

dilution is a promising technology for site-specific quantification of 

protein posttranslational modifications (PTMs). A major constraint 

is the limited sensitivity for quantifying substoichiometric PTMs in 

complex biological matrices.  

• Sensitive SRM quantification of PTMs primarily relies on affinity 

enrichment. However, such affinity enrichment approaches often 

obscure the PTM stoichiometries, and are associated with 

sample loss, and normally require large amounts of starting 

material (e.g., ≥1 mg of whole cell lysate).   

• To address this limitation, we applied an affinity reagent-

independent targeted mass spectrometric capability, termed 

PRISM (high-Pressure high-Resolution Intelligent Selection and 

Multiplexing)-SRM, for achieving highly sensitive, accurate 

quantification of ERK phosphorylation dynamics with minute 

amounts of starting material (e.g., ~25 µg of cell lysate digests). 

Methods 
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Conclusions  
• Direct PRISM-SRM (i.e., without affinity enrichment) enables 

for sensitive quantification of protein phosphorylation 

dynamics in mammalian cells starting with only ~25 µg of 

whole cell lysate. 

• Compared to IMAC-SRM, direct PRISM-SRM can provide at 

least 10-fold improvement in SRM sensitivity, which was 

primarily due to the high peptide recovery in the PRISM 

workflow. 

• Accurate quantification of ERK phosphorylation dynamics in 

response to different doses of EGF showed the maximal ERK 

activation in response to 0.3 ng/mL EGF at the peak 

activation (10-min) but 3 ng/mL EGF at the steady state (2-h).  

These doses matches well to physiological levels of EGF in 

humans.   

• Comparison of the time-dependent and dose-dependent 

levels of individual phosphorylated ERK isoforms provided 

strong support for a processive, rather than distributed, 

model ERK phosphorylation.5  

• PRISM-SRM potentially offers a new approach for 

simultaneous quantification of multiple PTMs in a singe 

sample.   

Surrogate peptides for ERK1/2 and three best transitions  selected 

for each target peptide. Masses listed are the unlabeled  forms. 

Isoform Standard sequence
SRM Transitions

Q1 Q3

ERK1 LADPEHDHTGFLTEYVATR 724.7 839.4 (y7+), 738.4 (y6+), 609.3 (y5+)

LADPEHDHTGFLpTEYVATR 751.3 718.7 ([precursor – 98]3+), 821.4 ([y7 – 98]+), 927.9 ([y16 – 98]2+)

LADPEHDHTGFLTEpYVATR 751.3 919.4 (y7+), 689.3 (y5+), 976.9 (y162+)

LADPEHDHTGFLpTEpYVATR 778.0 745.3 ([precursor – 98]3+), 901.4 ([y7 – 98]+), 967.9 ([y16 – 98]2+)

ERK2 VADPDHDHTGFLTEYVATR 715.3 952.5 (y8+), 839.4 (y7+), 738.4 (y6+)

VADPDHDHTGFLpTEYVATR 742.0 709.3 ([precursor – 98]3+), 934.5 ([y8 – 98]+), 738.4 (y6+)

VADPDHDHTGFLTEpYVATR 742.0 919.4 (y7+), 818.3 (y6+), 689.3 (y5+)

VADPDHDHTGFLpTEpYVATR 768.7 736.0 ([precursor – 98]3+), 901.4 ([y7 – 98]+), 446.3 (y4+)

HMEC and stimulations 

• human mammary epithelial cells (HMEC 184A1) were cultured 

until near confluence and depleted of EGF overnight prior to 

treatment.  

• For sensitivity evaluation, HMEC under two conditions were 

used: the basal level and the stimulated level treated with 10 

ng/mL of EGF for 10 min. 

• For dose-response experiments, EGF was added directly to 

culture plates to achieve the required dose (0, 0.1, 0.3, 1.0, 3.0, 

10 ng/mL) for either 10 min or 2 h stimulations. 

Results 
Proof-of-concept 

PRISM-SRM vs IMAC-SRM 

PRISM-SRM quantification of ERK2 phosphorylation isoforms in the 

stimulated and non-stimulated HMEC cells  
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Targeted quantification of ERK2 phosphorylation isoforms in the HMEC 

cells treated with 10 ng/mL EGF for 10 min 
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Evaluation of phosphopeptide recovery following IMAC enrichment 

assuming peptide lossless in the PRISM fractionation 

Isoform Surrogate peptide
pTpY pY pT

1 2 1 2 1 2

IMAC ERK1 Light 2800 1600

Heavy 2.50E+05 3.00E+05 6.50E+04 6.00E+04 4.50E+04 4.00E+04

ERK2 Light 7000 5000 200 200 220

Heavy 2.50E+05 2.20E+05 9.00E+04 8.50E+04 6.00E+04 6.50E+04

PRISM ERK1 Light 2.00E+04 1500 3.00E+03

Heavy 2.10E+06 9.50E+05 5.50E+05

ERK2 Light 6.00E+04 2500 1.50E+04

Heavy 2.90E+06 9.50E+05 2.30E+06

Recovery (%) (IMAC/PRISM) ERK1 Light 14.0 8.0

Heavy 11.9 14.3 6.8 6.3 8.2 7.3

ERK2 Light 11.7 8.3 8.0 1.3 1.5

Heavy 8.6 7.6 9.5 8.9 2.6 2.8

Average recovery (%) of each isoform across two replicates 10.6 7.9 4.0
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