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Agenda 

§  Introductions 

§  SAB Expectations and Guidance 

§  Center Overview – Jake Jaffe 

§  Neurobiology Focus – Li-Huei Tsai 

§  Next Generation MS – Mike MacCoss 

 

 

Q & A is welcome at any point 
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The role of the PCCSE Scientific Advisory Board 

§  Scientific and logistical guidance 

§  Spreading the word to the right communities 

§  Helping us continuously improve 

§  Assistance with NIH “Mid-course Review” 

•  Site visit: December 9th, 2016 
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Mid-course review criteria 

1.  Feedback on Data Generation & Analysis 

 

2.  Feedback on Data Release and Accessibility 

3.  Feedback on Community Outreach 

4.  Feedback on major adaptations going forward 

5.  Other comments/advice 



Proteomics and Biomarker Discovery 

PCCSE Mission: 

The LINCS Proteomic Characterization Center for Signaling and Epigenetics 

(PCCSE) is dedicated to understanding the therapeutic potential of drugs and 

unlocking the fundamental mechanisms of action of drugs, genes, and 

diseases through the lens of their cellular effects on phosphosignaling and 

epigenetic processes. 
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Why proteomics? 

§  Proteins are the targets of drugs 

§  Proteins mediate the actions of drugs 

§  Proteins are affected on time scales different than gene expression 

§  Proteins compose “pathways” and the bulk of molecular machinery 

§  Proteomics can complement other profiling methods 
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PCCSE Center Scientific Overview 
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Proteomic Signature Assays 

GCP is a targeted proteomic 
assay against ~ 60 probes that 
monitor combinations of post-
translational modifications on 

histones 

ph	

me	

me	
me	me	

P100 is a targeted proteomic 
assay against 96 

phosphopeptide probes that are 
commonly observed and 

modulated in diverse cell types 



Reference signatures of drugs and pathways 
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Turning signatures into connections 

Signatures are groups of related profiles 



Turning signatures into connections 

Similarities are correlations computed from signatures 



Turning signatures into connections 

Connectivity queries put correlations in context 
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Use cases for connectivity 

§  What is the mechanism of action of a compound? 

•  Through connectivity to drugs of known mechanism 

•  Through connectivity to genetic perturbations 

§  Does a drug or gene’s function depend on disease model or biological 
context? 

•  Through connectivity of the same perturbation across cell types 

§  Does a drug activate signaling or epigenetic processes? 

•  Through signature strength relative to known examples 

§  Are there potentially novel or unrecognized therapeutic opportunities? 

•  Through anti-connectivity of a drug to a genetic model of disease  
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Extensive progress building the library 

§  3400+ biological samples generated spanning: 
•  92 compounds in triplicate 

•  Beginning CRISPR/Cas9-based gene disruptions 

•  6 cellular models (breast, lung, skin, prostate, and pancreatic cancers; neuronal precursors) 

•  2 assay platforms 

§  Key infrastructure: 
•  Public data repository with built-in signature visualization (bit.ly/PCCSEData) 

•  Documented workflows; automated analytical pipeline for reproducibility 
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Outreach activities 

§  Signatures of cardiovascular hypertension induced by chemotherapeutic 
drugs 
•  Molecular Cardiology Research Institute, Tufts Medical Center 

§  Signatures of neuropsychiatric phenotypes and their responses to drugs 
in patient-isolated iPS-derived neurons 
•  Massachusetts General Hospital 

§  Mapping of P100 probe-sets onto known pathway networks 
•  Georgetown University and University of Delaware 

•  Together with DCIC through LICNS EDSR 

§  Substrates to promote neuronal fates and phenotypes 
•  Intra-LINCS with OHSU MEP LINCS Center 
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Focus areas and challenges 

§  Extending further into the neurobiology space 
•  Li-Huei Tsai and her team will lead the way 

§  Unlocking Next-gen MS data 

§  Data: primary use, sharing, and re-use 
•  What are the tools that we need to build? 

•  How do we get people to utilize these data? 

•  Are there audiences to be targeted and engaged? 
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Progress and challenges in the neurobiology space 
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Neurobiology focus 

§  Epigenetic processes are disrupted in neurological disorders such as 
autism spectrum disorders (ASDs) 

§  Causal mutations have been found in chromatin-associated enzymes in 
ASD patients 

§  Study neural cells during development and across cellular subtypes: 
•  establish epigenetic and phosphosignaling signatures 

•  study effects of knocking down chromatin-modifying enzymes 

•  re-create perturbations in ASD risk genes 
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Differences in neural cell types 

Compound Treatment 
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adapted from Zhang et al., Neuron, 2013 

Creating neurons for high-content proteomics assays 

OPTION 1: Neurogenin-2 (Ngn2) induction to force excitatory cortical neuron production 
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MAP2 Hoechst 

NeuN Hoechst 

SOX2 Hoechst 

4 weeks 

OPTION 2: Passive differentiation via growth factor withdrawal (GFW) 

Creating neurons for high-content proteomics assays 
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Creating neurons for high-content proteomics assays 
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P100 comparison of different cell types 
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Microenvironment Perturbagen (MEP) LINCS Center 

HUES8-iCAS9-13 NPCs - TWO WEEKS after GFW 

Collagen Type III Cadherin-20 

Joe Gray, Laura Heiser, Jim Korkola 
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Profiling MEMA with cell painting 
SYTO14: Alexa 488 Concanavalin A: 488 long WGA: Alexa568 

Mitotracker: Alexa 647  Hoechst 33342 Overlay 

Anne Carpenter 



Proteomics and Biomarker Discovery 

Unlocking Next-Gen MS and promoting data reuse 

§  What is Next-Gen mass spectrometry for proteomics? 

§  How will we unlock these data? 

§  How we will share our data and our methods with the world? 



Proteomics and Biomarker Discovery 

The Promise of Data Independent Acquisition MS (DIA) 

§  Acquire a “molecular image” or “digital 
archive” of the sample 
•  Mine it over and over 

•  No specific targeting or scheduling 

§  Direct queries (and p-values) for peptides 
of interest 

§  Better quantitation than Shotgun/DDA 



How does DIA work? 

20  20 m/z-wide windows = 400 m/z 

m/z 500 900 

Ti
m

e 

~2 seconds (Q-Exactive) 
MS Scan 



DIA is all about balance (and sacrifice) for quantification 

30	seconds	
reten?on	?me		

30	seconds	
reten?on	?me		

30	seconds	
reten?on	?me		

Precursor	m/z	500	 900	

20	x	20	m/z-wide	windows	

40	x	10	m/z-wide	windows	

30	seconds	
reten?on	?me		

Instrument	MS/MS	scan	speed:	10	Hz	

80	x			5	m/z-wide	windows	

2	injec?ons	of		
40	x			5	m/z-wide	windows	



Archive Quality 

20	x	20	m/z-wide	windows	
2	injec?ons	of		

40	x		5	m/z-wide	windows	

30	x	10	m/z-wide	windows	



Innovative approach to improve clarity 

And even better methods are under development 

A	



Extraction of Fragment Ions from DIA Data 

Venable	et	al	Nat	Methods	2004	
Dong	et	al	Science	2007	

m/z 500 900 

VLENTFEIGSDSIFDK++ (790.4 m/z) 



Localizing using site specific ions for phosphopeptides 

All ions for MQSLpSLNK  
or MQpSLSLNK 

 

MQSLpSLNK 

MQpSLSLNK 

b3 

y5 

b4 

y4 

b3 

y5 

b4 

y4 

In collaboration with Judit 
Villen 



DIA: Easy to collect, hard to unlock 

§  We want a query engine for DIA data 

§  We need and expect as good or better peptide detections 
than DDA 

§  We need to ensure no missing data across many runs 

§  Short processing times 



The Idea of a Query Engine for DIA data 

Dunkin’	Donuts	



Peptide-Centric Analysis as a Query Engine 



Proteomics and Biomarker Discovery 

Two Innovative Tools for Peptide-Centric Analysis 

§  Typical Workflow 

§  Tool 1: Pecan 
•  Uses only peptide sequences 

•  No spectral or retention time 
information 

§  Tool 2: EncyclopeDIA 
•  Uses peptide sequences 

•  Spectrum or Chromatogram 
libraries 

•  Positional isomers 



Pioneering methods meeting or exceeding goals 



Chorus: Sharing and Dissemination of RAW Data 

§  The proteomics data needs to be “un-siloed” 
•  A single place for all data 

§  Data is too large to move around.   

§  We need to bring algorithms to the data 

 



Chorus allows extensive data organization 



Chorus to allow running pipelines in the cloud – nearly ready 

§  Database Search Engines 
•  Comet (SEQUEST) and Percolator 

•  Byonic 

•  MaxQuant 

§  Quantitation 
•  dMS (can be combined with Comet or 

Byonic) 

•  MaxQuant 

•  Skyline 

§  Data Independent Acquisition 
•  PECAN and EncyclopeDIA 

•  Skyline 



Sharing processed data in Panorama 

http://bit.ly/PCCSEData 



Proteomics and Biomarker Discovery 

Next-Gen MS summary and outlook 

§  Comprehensive MS (DIA) is already here 
•  Acquisition methods will continue to improve further 

§  We have promising algorithms to monitor unprecedented numbers of 
analytes in LINCS P100 DIA data 

§  Our Chorus cloud infrastructure will help us to share our data and promote 
reuse. 

§  Chorus will also enable use to efficiently 
bring compute to the data rather than 
vice versa. 



Proteomics and Biomarker Discovery 

PCCSE Overall Summary 

§  Great progress has been made in the first two years in establishing our 
center 

§  Our neurobiology models are progressing nicely and we are excited to 
extend these further 

§  Next-Gen MS holds great promise for increasing the impact of our work 

§  We are poised to use our data “as is” for comprehensive connectivity 
analysis, but also as a springboard for comparison with new data to be 
made via: 
•  Our continued efforts 

•  Our outreach and collaboration efforts 

•  Data made by third parties 


