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Abstract: The interaction of drug and target protein is a critical part of new drug discovery. It is the premise
for drugs to exert therapeutic effects by targeting specific binding sites of target proteins and thereby affecting its
pharmacological activity. Currently, a variety of techniques are exploited to detect the interaction between drug
ligands and target proteins. For example, cellular thermal shift assay (CETSA) and differential scanning
fluorimetry (DSF) based on thermodynamics, mass spectrometry and nuclear magnetic resonance technology, etc.
In addition, high-throughput ligand screening technology provides technical convenience for the search of specific
ligand, and is a powerful tool to efficiently identify the interaction between drug ligand and target protein. Here, we
summarize the detection techniques of interaction between small molecules and target proteins, and discuss the
application of high-throughput ligand screening technology in drug research.
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Figure 1

verification of ligand-protein interactions

Schematic of drug affinity responsive target stability (DARTS, A) and cellular thermal shift assay (CETSA, B) workflows for
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Figure 2 The technique of ligand-target protein interaction based on physical property of protein. A: Microscale thermophoresis (MST); B:

Bio-layer interferometry (BLI); C: Surface plasmon resonance (SPR); D: Isothermal titration calorimetry (ITC)
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Name Principle Application Advantage Disadvantage
DARTS Proteolytic stability In vitro/cell lysate Simple operation, no drug activity Unable to detect binding to target
dependence proteins within cells/tissues
CETSA Protein thermal stability Cell/tissue Binding to target proteins in tissues Low abundances of target proteins
can be detected are difficult to detect
MST Temperature affects the Purified protein Low protein usage, no need for Requires high purity protein,
movement of protein molecules protein fixation protein cannot be recycled
BLI Light interference Purified protein Protein does not require labeling, Strong non-specific binding to
protein samples can be recycled, and  small molecules containing
sensors can be renewable and reused  multiple -OH/NH groups
SPR Light refraction Purified protein High sensitivity and high throughput ~ Sensitive to sample composition
and temperature, non-specific
adsorption
ITC Exothermic reaction Purified protein Proteins do not require fixation and  High protein consumption and low
can provide both thermodynamic and heat production, low throughput
kinetic information
DSF Protein thermal stability Purified protein Dyes are cheap and the instrument Not suitable for heat insensitive
(PCR instrument) is easy to operate  proteins
ICD Absorption difference of left and  Purified protein Detectable membrane protein and Require a large amount of purified
right circularly polarized light ligand binding protein
MS Ionization of protein molecules  Purified protein/ No need to set ligand concentration  Difficult to distinguish between
into ions intracellular gradient and can provide binding site covalent and non-covalent binding
overexpressed proteins information
NMR Magnetization transfer Purified protein Identify the functional groups that Isotopic labeling is required for 2D

X-ray single Co-crystallization of small Co-crystallization

crystal molecules and proteins

diffraction

Cryo-EM  Rapid freezing+transmission Purified protein
electron microscopy

Computer  Virtual docking

simulation

bind to the target protein
Specific amino acid residue binding
site information can be provided

Obtaining structural information of
target protein-ligand complexes

No need for protein purification, high
throughput

NMR

Obtaining small molecule protein
eutectic is difficult and time-
consuming

Expensive price and low
penetration rate

Further experimental verification is
required
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