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ABSTRACT  
 
Monitoring multiple proteins with high precision is essential to 
biological and biomedical sciences. Targeted proteomics 
techniques, such as Parallel Reaction Monitoring (PRM), have 
enabled the confident quantification of sets of proteins with 
high sensitivity and selectivity. In this study, an advanced data 
acquisition method, called IS-PRM, was applied to quantify 
large sets of peptides in complex matrices. This method relies 
on monitoring the internal standards added to the samples, 
while adjusting on-the-fly the elution windows of the targeted 
peptides to improve the acquisition efficiency. The method was 
applied to the analysis of proteins involved in AKT/mTOR 
pathway with synthetic peptide standards mixtures in a matrix 
of six proteins and demonstrated the sensitive and confident 
detection and quantification of proteins. We will implement this 
method with complex matrices in five cancel cell lysates in the 
next step.  

CONCLUSIONS 
• Majority of peptides from AKT/mTOR pathway show linear 

responses in PRM analysis.  
• IS-PRM successfully triggered quantification of majority of 

peptides from AKT/mTOR pathway in synthetic peptides mixtures 
in matrix.  

• Majority of peptides from AKT/mTOR pathway can be directly 
quantified in PRM without enrichment (data not shown).  

 
FUTURE WORK 
 
Quantification of AKT/mTOR pathway in lung, colon, breast, liver 
and prostate cancer cell lines using IS-PRM assays.  
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Monitoring  of  the AKT/mTOR pathway using Internal Standard Triggered-Parallel Reaction Monitoring (IS-PRM) 

Liquid Chromatography and Mass Spectrometry 

FIGURE 1. General workflow for the IS-PRM method 
consists of two main phases. In the assay development 
phase, peptides belonging to proteins of interest from either an 
in-house database or previous MS experiments are chosen and 
stable isotope labeled standards for each are analyzed by LC-
MS to generate a spectral library containing fragmentation 
pattern and retention time. New peptides can continually be 
selected and added to the library without redeveloping the 
complete LC-MS method. In the data acquisition phase the 
mass spectrometer continually monitors in real time for the 
elution of the SIL standards and modifies its acquisition method 
for the endogenous peptide to increase sensitivity and 
selectivity upon a match to the spectral library.  

RESULTS 

 
FIGURE 4. IS-PRM quantification on Akt/mTOR pathway 
using synthetic peptide mixture. A total of 80% of the targeted 
endogenous peptides from 12 proteins were detected and 
quantified using synthetic peptide mixture in matrix. Their 
sequence of the peptides monitored  was validated by spectral 
matching based on the top 6 PRM transitions, leading to 
unequivocal assignment of all peptides and in turn all the proteins 
of interest. Light peptide (top) and heavy peptide from mTOR (A) 
and from IGF1R (B) were monitored and quantified as shown 
above.  

Sample Preparation 

Synthetic peptides mixtures with 10 fmol light and 10  fmol 
heavy peptides were spiked into 6 protein mixture matrix. 
Analytes were separated on the UltiMate 3000 UHPLC 
system with 25 cm Easy-Spray column and analyzed on a      
Q Exactive HF MS with PRM and advanced IS-PRM data-
acquisition scheme using a pre-release version of the Q 
Exactive MS 2.7 software. Data analysis was accomplished in 
Skyline-daily 3.5.1. 
 
Serum starved HCT116, MCF7, A549, HepG2 and LNCap 
cells were mock treated or stimulated with IGF-1. Proteins 
were extracted and digested with trypsin. Synthetic, internal 
standard peptides that were stable isotopically labeled were 
spiked into the cell lysate. Analytes were analyzed with PRM 
acquisition scheme using Q Exactive 2.7 followed by skyline 
analysis.   

MATERIALS AND METHODS  IS-PRM Workflow 
 
 

 Determine Limit of Quantification 
 

FIGURE 3. Determination of LOQ of a surrogate peptide from 
mTOR. A constant amount of light peptides and a varying amount 
of AQUA heavy peptides (blue squares) ranging from 50 amol to 
300 fmol were spiked into matrix to generate a calibration curve. 
LOQ was determined  by linearity response with CV (red dots) less 
than 20%. X axis: log10 value of concentration. Y axis (left): log10 
value of area of fragments quantified; Y axis(right): CV of three 
replicates.  

Calibration Curve  

 
A constant amount of light peptides and a varying amount of 
AQUA heavy peptides ranging from 50 amol to 300 fmol were 
spiked into the six protein matrix to generate a calibration 
curve. Analytes were separated on a Thermo Scientific™ 
UltiMate™ 3000 UHPLC system with a 25 cm Thermo 
Scientific™ Easy-Spray™ column and analyzed on the 
Thermo Scientific™ Q Exactive™ HF mass spectrometer 
benchtop OrbitrapTM mass spectrometer. Data analysis was 
accomplished using Skyline daily 3.5.1 sotware. LOQ was 
determined with CV less than 20%.  

INTRODUCTION 
 
The parallel reaction monitoring, performed on Quadrupole-
Orbitrap instruments characterized by fast-acquisition, high 
resolution and accurate-mass (HRAM) capabilities, have 
opened new avenues for quantitative proteomics, enabling 
confident quantification of multiple proteins with high sensitivity 
and selectivity (1). Because of the tight tolerance (less than 20 
ppm) of the fragment ions, PRM has offered a great advantage 
over the selected reaction monitoring (SRM) performed on 
triple quadrupole instrument with higher selectivity and 
accuracy.  
 
An advanced data acquisition method, called IS-PRM, relying 
on monitoring the added synthetic internal standard peptides 
to drive in real-time the PRM measurement of endogenous 
peptides, has been developed to improve the acquisition 
efficiency and robustness (2).  
 
As proof of principle, we investigated the quantification of AKt-
/mTOR pathway using the classic PRM and advanced IS-PRM 
acquisitions. We measured limit of quantification for surrogate 
peptides from 12 proteins in this pathway and tested IS-PRM 
method using synthetic peptide standards in a six protein 
mixture matrix. We will further apply IS-PRM method to 
quantifying in cancer cell lysates.    

FIGURE 2. Schematic view of Akt/mTOR pathway. Akt/mTOR 
signaling pathway coordinates cell growth with growth factor and 
nutrient status through a phosphorylation cascade.  12 proteins in 
this pathway are targeted (with arrows) for quantification in this 
study.  

The surrogate peptides representing the major unmodified 
proteins of the AKT/mTOR pathway were chosen from previous 
MS discovery experiments. Light peptides and stable isotope 
labeled AQUA peptides were synthesized. A calibration curve 
and limit of quantification were determined by mixing constant 
amount of light peptides with varying amount of AQUA heavy 
peptides ranging from 50 amol to 300 fmol into matrix.  
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