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Background
Target-guided synthesis (TGS) 1980’s

Dynamic combinatorial libraries 1990’s

“Click Chemistry” in situ 2002 
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Drawbacks of Existing Methods 

Test case substrate  “in the flask”

BACE IC50 = > 2 mM 225 nM 1 nM

Requires μg of protein per reaction

High μM reaction conc. required (substrate solubility 
issues)

Long reaction times (often days)

Requires medium-sized fragments each with 
measurable affinity
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In situ click reaction catalyzed by BACE

predisposition of reactants in substrate recognition
pockets- eliminates entropic component of activation
barrier and catalyzes reaction

tremendous rate acceleration
in presence of enzyme

Test case “In the enzyme”
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Library screening in a droplet

Reaction run in well of 
chip (nl volume)

Direct readout by Fourier-
Transform Mass 
Spectrometry

400 Reactions per chip

Sub ng quantities of 
enzyme per reaction

Only Azide reactant has 
affinity for BACE
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Screen of 1200 Alkynes
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Potency of hits

Potency of azide
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HEA Scaffold
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Computational Screening

predisposition of reactants in 
substrate recognition
pockets- eliminates entropic 
component of activation
barrier and catalyzes reaction
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Resynthesis and Confirmation of Hits

BACE IC50 = 15 μΜ
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Synthesis with random alkynes (control)
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Correlation of Reaction rate and Kd
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Exploration of Fragment Approach

In situ inhibitor generation (Click chemistry)

Intelligent parallel synthesis + SBDD (beyond Click)

Traditional screen hit

MW 350-500
Low LE

Fragment hit
MW 150-250

High LE

Ligand Efficiency (LE):  
LE = ΔG / # non H atoms

= -log(IC50(M)) / # non H atoms

Objective/Challenges : 
Find fragments with high LE (>0.3) by SPR
Convert weak affinity leads into sub-µM range 
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Fragment Libraries

ACRF library

(A) 3000 compounds

Maximally-diverse

(B) 600 compounds

Maximally-diverse, highly 
soluble and not in (A)

322 available (MW 242)

MW < 300
PSA < 30 
# HBD <= 1
# acids <= 1
# bases <= 1
# rot. bonds <= 10
availability > 30 uL of 10 mM stock

1100 compounds 
Heterocyclic library

(1) 300 compounds
ADAPT availability 
0-1 HBD 
no bad/reactive
sorted by PSA
top 300 chosen

244 available (MW 252)

(2) 50 compounds
ADAPT availability
2 HBD
sorted by PSA,
top 50 chosen
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Detection principle: Surface Plasmon Resonance (SPR)

Biacore Technology Overview

Injection Start /End

SPR is sensitive to the refractive index near the gold surface
Biacore.com
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Biacore Assay for BACE-1

In Spot 1: BACE

Spot 2: No Protein

Spot r

Out

Low protein requirements

(~3.5µg / surface)
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Assay Performance

=> Rmax = 36 RU

Saturation level for 
~250 MW fragment 
based on 1:1 
binding

Surface performance (20µM 874904#2) 

20µM
4µM
2µM…

Determination of KD by steady state analysisDetermination of KD by kinetic analysis

Start A week later ~ 1000 injections

Rmax = MW (compound) / MW (BACE-1) * Immob Level
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What concentration to screen at ?

10µM

100µM

500 - 1000µM

Screen Conc ~125µM

10µM

100µM

500µM

1mM

KD

Steady State Analysis 

1mM – 7.5µM
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20 compounds with binding  > 10 RU
(Kd’s 80 uM – 500 uM)
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Fragment Screen Flow scheme

Screen Fragments

List of Actives

Confirmed Hits

Structure

Click Chemistry / Optimization

Check Purity

Prioritization with chemists

Single point 150µM

KD determination

Hit List with KD values

Test for Enzymatic Inhibition 
by NMR

X-ray crystallography / NMR
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Protein Conformation

Target X
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Protein Confomation

Apo +inhibitor
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Conclusions & Next Steps
Potential to accelerate early lead optimization via rapid screening of large 
collections of readily accessible coupling partners on sub ng scale 

Synthesis and affinity from the same experiment

No purification step necessary

Accounts for dynamic nature of target protein

Future Scope

Assembly of acetylene and azide fragment libraries in progress

6 BACE substrates (deep P2 and P3 binders) completed

Test case screen against 2 highly homologous proteins  - look for unique 
(selective) hits

Investigate other chemical reactions beyond Click

Investigate membrane bound proteins
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