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Summary

PepArray pro – a user-driven 
PepArray design program

Signature Peptides/Panels of Four SH2 Proteins
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Thousands of different peptides can be synthesized in situ on 1 cm2

microfluidic chip using standard t-Boc protecting amino acids and a 

photogenerated acid as deprotection reagent for the light-gated parallel 

synthesis (1,2).
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μParaflo® Biochip Technology

µParaFlo™ microfluidic 

array chip to produce 
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A strategy has been outlined for identifying signature peptide 

probes that could serve as signaling pathway specific 

markers to distingush normal and diseased protein samples 

(e.g., Identification of cancer types and subtypes).   

By combining in silico analysis (PepArray pro) and binding 

experiments, we screened signature peptides/panels for 

Grb2, BTK, Src and ZAP70. With signature peptides of Grb2, 

we could detect Grb2 in cell lysates with sensitivity of low nM 

level.  

We demonstrate a method to investigate SH2 protein 

interactions and related pathways in cells. From in silico

analysis and recombinant protein binding assay to cell lysate 

binding assay, we found differential binding patterns of GRB2 

protein in cell lysates (direct &indirect binding), which lead us 

to identify Grb2 mediated SH2 protein networks and related 

pathways typical to HUVEC and T47D cells. 

The future direction is to develop this technology for 

Biomarker screening in patient sample, focusing on 

personalized medicine to help physicians to diagnose, 

stratify and select treatment options for diseases.
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• A SH2 domain interacting 

phosphopeptide (SH2-PPEP) 

microarray was designed.

• The PPEPs were from PepCyber 

~PPEP (www.pepcyber.org).

• The PPEPs in the microarray 

are known substrates of SH2 

domains

• Statistics of SH2-PPEP 

interactions

Statistics of SH2 proteins 

and PPEPs in the 

microarray

PPEP: phosphopeitde

PPEP protein: proteins containing PPEP

Unique PPEP: PPEP that uniquely binds to a SH2 domain 

Unique PPEP protein: PPEP protein that uniquely binds to a SH2 
domain

The SH2 domain proteins can be classified into 10 groups based on 
their functions.

Reference: Liu, B.A, Jablonowski, K., Raina, M., Arcé, M., Pawson, 

T., Nash, P.D. (2006) The human and mouse complement of SH2 

domain proteins-establishing the boundaries of phosphotyrosine 

signaling. Mol Cell. 22, 851-868.

Link: 

http://www.pepcyber.org/PepArray/

Recombinant SH2 protein binding assay

Binding patterns and consensus sequences of BTK, 

Grb2, Src and ZAP70.

A. Binding profiles of 4 SH2 proteins on the same region of 

SH2-PPEP microarray. 

B. Heatmap of binding intensities of 4 SH2 proteins to 

related PPEPs. The binding signals were normalized into 

Z values. The PPEPs with Z values ranked from 1.0-3.0 

were selected to plot the heat map. 

C. Consensus sequences of binding sequences of 4 SH2 

proteins. The consensus sequences were generated by 

using Weblogo (http://weblogo.berkeley.edu/logo.cgi ). 

The signature peptides/panels were identified by two 

steps:

(1) Based on in silico analysis, unique PPEPs of a SH2 protein or 

a unique PPEPs combination (panel) were screened.

(2) Based on binding assays, the unique peptides/panel of a SH2 

protein need to show high affinity binding and without 

overlapping among the four SH2 proteins.

Grb2 in Cell lysate binding assay

Grb2 in HUVEC cell lysate binding to SH2-PPEP 

microarray. 
A. Grb2 binding profile. 100 ug/mL (0.5 mL) cell lysate was used. 

The binding was detected by antiGrb2 and antirabit secondary 

antibody conjugated with Alexa 647. 

B. Binding intensity distribution. 

C. Binding spot CV distribution. 

D. Close-up image of the small region boxed in panel A. 

E. Grb2 titration in the HUVEC cell lysate. The titration curves for 

6 signature PPEPs were plotted. It was shown that 0.5 nM 

Grb2 can be probed.  

F. The Kd values were calculated for 6 signature peptides of 

Grb2.

Major points:
• The cell lystate binding to SH2-PPEP microarray was uniform and 

consistent.

• The signature peptides of Grb2 might be used for detecting the Grb2 in 

cell lysates with sensitivity of low nM level.
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Direct and Indirect Grb2 mediated binding of PPEPs

Grb2 mediated pY proteome networks in 

HUVEC and T47D cells

Results:

• By using four recombinant SH2 proteins, specific and 

distinct binding profiles were obtained.

• The consensus sequences are consistent with those 

reported in literatures.

• Recombinant binding assays can be used as 

“reference” to calibrate the cell lysate binding.

A. Venn diagram for three datasets of rGrb2 (recombinant Grb2), 

Grb2 in HUVEC and in T47D. 

B. Endogenous Grb2 in cell lysate can bind to PPEPs in two 

patterns: direct binding and indirect binding.

C. Grb2 in cell lysates can bind to the same PPEPs as rGrb2 does, 

indicating that Grb2 itself directly binds to these PPEPs—direct 

binding.

D. Grb2 in cell lysates can bind to the PPEPs that rGrb2 can not, 

indicating that Grb2 indirectly binds to these PPEPs via other 

SH2 domain proteins in the Grb2 complex—indirect binding

Results:

• Differential binding patterns were observed in T47D and HUVEC 

cell binding assays.

• HUVEC and T47D have different binding profile, which can be 

used for identifying different binders of Grb2 in two cell lines.

Protein phosphorylation mediates many critical cellular responses and is 

essential for many biological functions during development. About one-third of 

cellular proteins are phosphorylated, representing the phosphor-proteome, and 

phosphorylation can alter a protein’s function, activity, localization and 

stability. 

Tyrosine phosphorylation events mediated by aberrant activation of Receptor 

Tyrosine Kinase (RTK) pathways have been proven to be involved in the 

development of several diseases including cancer. 

With the available phosphorylation data on various High throughput proteomic 

technology platforms, it is becoming increasingly evident that many proteins 

are interlinked with each other in multiple signaling pathways through multiple 

protein phosphorylation sites (pT, pS and pY). Hence it is becoming extremely 

hard to target a specific protein as a biomarker or for a drug. 

Post –translational modifications (eg., pY) on proteins create multiple sub-

groups of the same proteins which are pathway specific. Hence a sensible 

strategy is to target these phosphorylated sites that are pathway specific.  

Here we present our microchip based (PepArrayTM) peptide microarray 

technology to characterize and identify novel protein interactions from cancer 

signaling pathways. 

The interaction between phosphopeptides (PPEPs) and phosphoprotein binding 

domain containing proteins (PPBDs) on a microchip reveal novel protein 

cascades representing various signaling pathways through target binding.  

More than 10 families of PPBDs (SH2, PTB, WW, 14-3- etc) represent a vast 

majority of proteins in a signaling cascade. Proteins with phosphotyrosine 

modifications not only bind to proteins with SH2 domains but also activate 

downstream proteins (Kinases and phosphatases) to initiate a signaling cascade.  

We illustrate Phosphotyrosine (pY) peptide interactions with an SH2 domain 

containing protein, GRB2 to identify protein complexes under various 

signaling cascades. We have used Breast cancer cells (T47D) and Human 

Umbilical vein cells (HUVEC) to demonstrate the differential signaling 

cascade mediated by differential protein-protein interaction networks. 

Further focus will be on technology advancement through integration of high 

density peptide microarray with computational web tools to rapidly identify 

novel protein interaction networks in various cancers and neurodegenerative 

diseases and increase the sensitivity of detecting protein interactions.

Protein carton drawings with purple ellipse are SH2 proteins
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