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• Pilot study of a label-free, high-throughput 
proteomics pipeline for analyzing human 
brain tissue. 

• Novel study design was used to assess the 
variability contribution of four critical 
components of the technical platform. 

• The platform demonstrated to be stable and 
suitable for high-throughput operation. 

• Technical sources of variability: 
homogenization 76.8%, LC-MS 13.6%, 
proteomics processing 5.6%; the remainder 
attributed to temporal drift.  

• We have assembled a high-throughput proteomics 
pipeline that utilizes automated sample handling, a 
4-column LC system, and the AMT tag approach for 
population level proteomics measurements. 

• Pilot testing of our platform has demonstrated its 
stability and suitability for analysis of large sample 
sets. 

• While a simple protein spike-in strategy was 
ineffective for normalization; however, the platform 
demonstrated good long term temporal stability as 
evidenced by strong correlation throughout the 
study. 

• We successfully quantified the technical sources of 
variability in our pipeline in the context of population-
scale, human-tissue studies.   

• The relatively small contribution derived from the 
sample processing and temporal components 
demonstrated that automated sample handling and 
the 4-column LC system are well suited for high-
throughput operation. 

• The findings of this study are invaluable for 
informing study design as well as for guiding further 
improvements to the analytical pipeline. 

• An understanding of both the inherent heterogeneity 
of the human population and the technical variability 
of the proteomics platform is needed to design a 
study for confident identification of disease-specific 
protein markers.1 

• Additionally, to obtain sufficient statistical power, it is 
critical that the proteomics platform is capable of 
analyzing large numbers of clinical samples in a 
high-throughput and reproducible fashion.1 

• To address these issues, we have constructed a 
proteomics platform that utilizes robotic sample 
handling, 4-column LC system, Orbitrap MS, and the 
AMT tag approach for the analysis of ~1000 clinical 
samples from human brain tissue.2,3 

• Pooled samples were created at different stages of 
the processing to isolate the variability associated 
with individual technical procedures and determine 
their contributions to the overall variability.   

• The technical pipeline was divided into four 
categories: homogenization, proteomics processing, 
LC-MS analysis, and temporal variability. 

• A simple protein spike-in was added to the design to 
evaluate this as a potential normalization strategy to 
control for temporal drift of the platform. 

• Frozen human brain tissues obtained from the University of 
Michigan Alzheimer’s Disease Research Center’s brain bank 
were homogenized using a Retsch Mixer Mill MM 400 at 20 Hz 
for 2 min. 

• Proteomics processing (i.e., sample randomization, denaturation, 
alkylation, digestion, SPE, and normalization) was carried out 
using a Biomek FX (Beckman Coulter) liquid-handling robot. 

• MS analysis was performed using an Exactive Orbitrap mass 
spectrometer (Thermo Scientific, San Jose, CA) outfitted with a 
custom electrospray ionization interface. 

• Peptide Identification and quantification was accomplished using 
the accurate mass and time (AMT) tag approach. 

Figure 1.  Experimental design for analysis of 
variability for technical components.  The variances 
denoted on the left of the schematic represent the 
experimentally measured quantities.  The right 
demonstrates utilization of these quantities to isolate 
variance for each component.  This variance is then 
divided by the total experimental variance, σh

2, to 
determine the contribution to the total variability. 
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Figure 5.  Estimated study size necessary 
to make a statistically significant 
measurement vs. % effect size to be 
detected.  Sample sizes were estimated 
using Cohen’s d and a study power of 0.90.4 

Figure 4.  Distributions of peptide-level 
CVs after central tendency normalization 
for technical components.  

Contribution of  technical components 

Methods 

• Sampling (homogenization):  5 samples were taken from the 
same brain region of a single patient and homogenized in 
individual wells to create sampling (homogenization) replicates. 

• Processing:  Aliquots from replicates were used to create a 
pooled sample that was distributed across 3 plates prior to 
proteomics processing, to create the processing replicates.  

• Temporal:  Temporal analysis replicates were created by 
making 5 injections from a single preparation replicate. 

• Instrumental:  Instrument replicates were created by pooling 
preparation replicates and making back-to-back injections on a 
single LC-column 

Figure 2.  Pearson correlation among replicate sets for 
each technical component. A) Sampling (homogenization) 
replicates, B) proteomics processing replicates, C) temporal 
replicates, D) instrument replicates.  Samples are sorted by 
run order.  
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Figure 3. Comparison of spike-in normalization with 
central tendency normalization for A) processing 
replicates and B) temporal replicates.  Boxplots show left: 
distribution of peptide coefficient of variations (CVs) using 
raw data; center:  peptide CVs normalized using spike-in 
peptide intensities; right:  peptide CVs after central tendency 
normalization.   
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Figure 6. Contributions to variability.  A) Distribution 
of contributions to variability calculated for individual 
peptides. B) Median contribution to variability for the 
technical components: sampling 77%, processing 5.6%, 
temporal 3.9%, instrument 13.6%.  
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