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What is hit profiling?
• Identity/Purity/Stability/Solubility 
• Dose-response curves (DRCs) + analysis
• Clustering of confirmed hits
• Chemistry evaluations of hit series

• chemical tractability
• library expansion tractability
• emerging SAR
• IP space

• Orthogonal assays (other biochemical
assay, selectivity, functional assay etc.)

• Biophysical assays of hit series
representatives

• Dynamic Light Scattering (DLS)
• Nuclear Magnetic Resonance (NMR)
• Microcalorimetry (DSC/ITC)
• Mass spectrometry (ESI-MS/MALDI-MS)

• Analogues
in-house, commercially available, small
expansions by parallel chemistry, SAR
analysis

• in-vitro ADME assays
HSA binding, CYP inhibition, membrane
affinity, metabolic stability, hERG binding,
cytotoxicity

• Final prioritisation of hit series

HTS single 
point data

Full chemistry 
programs
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Why hit profiling?
• Possible that hits are active via an undesired mechanism. 

Ensure that the medicinal chemists work on the most promising 
compound series.

• More info on mechanism of action help prioritise hit series, lowers risk and 
streamlines the chemistry

• Working with false positives drains the energy from a research organisation.

1. Filter out hit series active via an undesired 
mechanism, e.g. compounds that
- form aggregates or micelles
- induce modifications of the target
- interferes with assay components 

or the read-out
- destabilises the target

2. Obtain more info on the ” good” hit series
- binding site info
- reversible or covalent binding
- stoichiometry

Value of 
hits

High risk

Lower risk

High value

Hit
Profiling



iNovacia

ppm0.300.350.400.450.500.550.600.650.700.750.80ppm6.46.66.87.07.27.47.67.88.08.28.48.68.8

ppm-1-01234567891011

Protein methyl signalsAromatic cpd signals

Various buffer
components

Superior control of sample
Example: NMR
-Is the cpd dissolved in the sample?
-Is the cpd intact (is it the correct cpd)?
-Is the protein dissolved in the sample?
-Is the protein folded or not?
-Are the necessary buffer components
present? Is e.g. DTT present in the 
reduced state?

Biophysical techniques
Pros
• Superior control of sample -> better possibility to

eliminate artifacts
• Real time measurements -> possibility to detect

on-going changes in the system
Cons
• Medium to low throughput -> apply to hit series

representatives only
• Generally larger amounts of protein needed compared

to biochemical assays, mainly applicable to 
soluble target proteins

1H 1D NMR spectrum
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The exact mechanism of aggregate-inhibition is not known. Probably the enzyme
is adsorbed to the surface of the the aggregate resulting in apparent and non-specific 
inhibition (McGovern et al. 2002 and 2003).

Figure from McGovern et al. 2002

How to identify these compounds?
1. Rerun dose-response curves 

• in presence of detergent.
Attenuated inhibition => Cpd aggregate is probably the active entity.

• at higher protein concentration.
Attenuated inhibition => Cpd aggregate is probably the active entity.

2. Check directly if compounds form aggregates by 
Dynamic Light Scattering (DLS) 

Compound aggregation

DLS plate reader
DLS batch
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Well behaved compound

Buffer

1 mM solutions of enzyme target HTS hits.

Micelle forming compound
Compound forming large and
polydisperse microcrystals
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Hill slope = 0.94

Compound aggregation
Dynamic Light Scattering
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free ligand protein bound ligand

Linewidth narrow broad broadened
Relaxation slow rapid increased
trNOE weak(+) strong(-) weak(-)
Diffusion rapid slow slowed down
STD unsaturated saturated saturated
WM NOE* positive negative negative

Shift perturbation   - unshifted shifted 
Exchange broadening - unbroadened broadened

(attenuated)
(* WaterLOGSY, ePHOGSY)

NMR techniques for monitoring 
protein-ligand interactions

600 MHz Varian Unity NMR Spectrometer
equipped w/ cold probe, flow cell and Gilson robot with Peltier cooling element.
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Standard 1H 1D 
spectrum

STD spectrum

Compound + enzyme
Aromatic region displayed

Nice DRC But no binding!

Compounds interfering with the  
assay reagents or read-out
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This case:
Interference with 
assay reagents
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Obtain more info on the good hit series

1H 1D spectrum
Compound + 
target protein

STD spectrum
Compound +
target protein

STD spectrum
Compound + 
target protein +
known binder

Overlapping or mutually 
exclusive binding sites 

Non-overlapping
Binding sites 

Hit series with different
binding sites.

Kinase target with known ATP competitive binder
STD-NMR competition experiments

Use different 
pharmacophores for 
these two series!
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Protein + cpd, 390 Da
171

Series A – Hits are substrates
(nondenaturing ESI-MS)
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Reference
Hit from Series B

Hit from Series B + 
target protease

Hit from Series B + 
target protease + 
covalent active site
binder

Series B – Reversible active site
binders (Relaxation filtered NMR)

171 Da

219 Da

IC50 = 5 nM
Hill slope = 0.8
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Obtain more info on the good hit series
Protease target with known active site covalent binder
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O Velocity curves performed
with PTP1B in presence of 
increasing cpd concentrations

Solid lines are fits of the data 
to the Michaelis-Menten
equation

PTP1B
- non-competitive inhibitors as observed by biochemical assay

Chemistry programs
were started

Case Study - compounds inducing 
modifications of the target protein

Mechanism of action of pyridazine analogues 
on protein tyrosine phosphatase 1B (PTP1B),
Tjernberg A, Hallèn D, Schultz J, James S,

Benkestock K, Byström S, and Weigelt J. Bioorg. 

Med. Chem. Lett. 2004; 14: 891-895.
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PTP1B
NMR – inhibitors quickly oxidise reducing agent (DTT)

inhibitors precipitate the target protein

Reference spectrum
of reduced DTT

Reference spectrum
of oxidized DTT

Spectrum of
compound + DTT
10 min after mixing

2D 1H-15N HSQC of PTP1B (+ DTT) 

PTP1B + DTT PTP1B + DTT + cpd

Case Study - compounds inducing 
modifications of the target protein
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PTP1B
DSC – no temperature induced unfolding in presence of inhibitor and 

DTT -> tertiary structure lost
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Case Study - compounds inducing 
modifications of the target protein
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PTP1B  - MS
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MALDI-TOF MS spectra of trypsin
cleaved PTP1B. MW of the tryptic
peptide containing the active site
cysteine is increased by 48 Da in the 
presence of both compound and
reducing agent.

ESI-MS/MS spectrum (insert above) of 
fragmented peptide containing active
site cysteine confirms suspicion that
the active site cysteine has been
oxidised to a sulfonic acid (SO3H).

Q-Tof Ultima API 
mass spectrometer

MALDI-TOF mass spectrometer

Case Study - compounds inducing 
modifications of the target protein
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PTP1B  - formation of H2O2

• The radical product is part of a conjugated system and is highly stabilised by
resonance delocalisation -> exists at room temperature.

• In the absence of reducing agent the reaction is shifted to the left

• Adding reducing agent reduces the amount of radical product. The 
oxidation-reduction cycle is repeated until all reducing agent has been
consumed resulting in rapid formation of H2O2 and HO2

.

• Large amounts of hydrogen peroxide inhibit PTP1B by irreversibly oxidising the
active site Cys
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Case Study - compounds inducing 
modifications of the target protein
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Carefully check your HTS hit series before starting expensive 
chemistry development or you may be in for a bad ride

Conclusion
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