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DNA encoding technologies for small molecule libraries are 
increasingly used in the discovery of novel drug leads or probes 
for chemical biology.1    Several technologies have been 
developed to access encoded libraries including DNA-templated 
synthesis, split and mix synthesis using DNA-tag ligation 
(enzymatic or chemical), or hybridization to route the DNA tags.2  
In parallel, an encoding strategy leveraged on peptide nucleic 
acid (PNA) has been pursued on the basis that its encoding 
chemistry utilizes SPPS that it is compatible with co-synthesis of 
peptides and small molecule libraries.3  Several studies have 
established that hybridization of DNA or PNA-tagged molecules 
can be used to display multiple ligands in order to interrogate the 
synergy of their interaction with a given target.3g,h,m,4   

Protein phosphatases are an important class of enzymes for 
their role in post-translational regulation of protein function, 
acting as the counter-part of kinases.5 Aberration of protein 
phosphatase activity has been implicated in numerous disease 
states including metabolic disorders, cancer, neurodegenerative 
and autoimmune pathologies.6 Despite the interest in inhibitors 
for various protein phosphatases, developing selective and cell-
permeable compounds has proved challenging, owing to the 
requirement of a negatively charged phosphotyrosine mimetic 
and a fairly conserved binding pocket.  PTP1B, a prototypical 
phosphatase that epitomizes inhibitor development challenges, 
has received significant attention based on the discovery that 
mice lacking this phosphatase had increased insulin sensitivity 
and were not prone to obesity.7  More recently, it has been shown 
that PTP1B ablation in mice delayed HER2/Neu-induced breast 

cancer whereas its overexpression resulted in spontaneous breast 
cancer.8  Additionally, PTP1B has been shown to participate in 
oncogenic RAS-mediated gene silencing by de-phosphorylation 
of Argonaute AGO2.9  Inspired by the development of novel 
phosphotyrosine mimetic based on aryl sulfonamide or salicylic 
acid that afford cell permeable inhibitors,2m,10 coupled to the 
presence of an allosteric pocket in the vicinity of PTP1B’s active 
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DNA display of PNA-encoded libraries was used to pair fragments containing different 
phosphotyrosine surrogates with diverse triazoles.  Microarray-based screening of the 
combinatorially paired fragment sets (62 500 combinations) against a prototypical phosphatase, 
PTP1B, was used to identify the fittest fragments.   A focused library (10 000 members)
covalently pairing identified fragments with linkers of different length and geometry was 
synthesized. Screening of the focused library against PTP1B and closely related TCPTP 
revealed orthogonal inhibitors.  The selectivity of the identified inhibitor for PTP1B vs TCPT 
was confirmed by enzymatic inhibition assay 
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Figure 1. Schematic representation of microarray-based DNA display of 
fragment pairs screen and resynthesis of focused library based on 
identified fragments 
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suggesting that selectivity in the inhibition can be achieved.  
Based on these results, 10 compounds were resynthesized 
without their PNA tags and with a biotin in lieu of the PNA.  The 
biotin-tagged compounds provide a simple immobilization 
method for affinity measurements with streptavidin-coated 

surface using bio-layer interferometry (BLI).  Gratifyingly, all 
the 10 compounds were reconfirmed for their binding affinity to 
PTP1B using BLI (Table 1) with affinities ranging from 50 to 
290 nM.   The compounds lacking the biotin were then assayed 
for PTP1B and TCPT inhibition in vitro by monitoring the 

 
 
 
Scheme 1. PNA-encoded synthesis of a focused PTP1B library and structure of the fragments used. 
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process.  The ability to combinatorially address this problem with 
library size of 104 compounds greatly facilitates this process.  
The fact that PNA-encoded libraries can be prepared using 
standard SPPS protocols also facilitates library synthesis. The 
present study demonstrates the robustness of this process for a 
target that has proven challenging to drug and illustrates the 
scope of the chemistry.  The identification of a compound with 
cellular efficacy that is selective for PTP1B relatively to a closely 
related phosphatase (TCPTP) demonstrates its potential. 
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