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Protein-Ligand Binding With Native Mass Spectrometry

Methods

Investigative Importance
• Protein-ligand binding is essential for cell 

communication and regulation and responsible 
for many biological functions.

• For drug discovery, understanding the affinity and 
selectivity of these interactions will contribute to 
ligand optimization in pharmaceuticals.

DynaChip X1TM Online Buffer Exchange
• Automated buffer exchange occurs within the microfluidic device.
• A high-flow conditioner stream carrying MS-compatible buffer runs parallel to the low-flow 

sample path to maintain diffusion-based buffer exchange across the membrane.
• The nanoporous membrane contains pores that enable exchange across the membrane with a 

molecular weight cutoff of approximately 10 kDa.

Microfluidic Tangential Flow Filtration/Microdialysis

DynaChip X1TM Settings

Sample Inlet
Flow-through conditioning at 
nanoESI flowrates 
(accommodates high 
flowrate sample delivery with 
sample loop)

Interferents Removal
Selective removal of small 
molecules (matrix, salts, 
metabolites, contaminants)

Active Conditioner Flow
Buffer exchange (ammonium acetate)
Super charging molecules (m-NBA)
Protonation source (formic acid)

Nanoporous Alumina 
Membrane
Size selective/tunable pore size
Biochemically inert

Conditioned Sample
Direct infusion for 
nanoESI-MS; agnostic 
to source vendor

Samples were manually loaded or automatically loaded 
through a Waters M-Class ACQUITY into the DynaChip X1TM 

sample loop (1.2-5 µL) and injected at 0.5 µL/min. Online 
buffer exchange was performed using the DynaChipTM 40P 
cartridge. The exchanged sample was then routed directly 
to the nano-ESI NanoLockSpray source of a Waters Xevo 
G2-S QToF.

Protein Ligand Pairs and Offline Buffer Exchange
Streptavidin and biotin, carbonic anhydrase and dorzolamide or chlorothiazide, and trypsin and 
pefabloc were diluted from their original formulation buffers in water. Proteins were diluted to 500 nM 
with ligands at varying concentrations. For offline buffer exchange experiments, two sequential washes 
with 30 kDa MWCO Amicon ultrafiltration spin filters were used. 

• Enables observation of molecules in their current 
and relevant states.

• Facilitates high resolution analysis of intact 
proteins without risk of fragmentation.

• Preserves non-covalent interactions.

Traditional Protein-Ligand 
Screening

Protein-Ligand Screening 
with native MS

DynaChip X1TM

Comparison to Offline Buffer Exchange – Streptavidin and Biotin

Competitive Binding - Carbonic Anhydrase and Ligands 
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Autosampler Integration for Higher Throughput Screening

• 20 sequential and alternating injections of streptavidin and 
carbonic anhydrase were performed using the DynaChip 
X1TM inline between a Waters ACQUITY M-Class autosampler 
and a Waters Xevo G2-S QToF. 

• Extracted ion chromatograms (XICs) show consistent elution 
profiles across all injections.

• Charge state distribution of the first and last runs for each 
protein demonstrate reproducible cleanup.

• 19 min sample-to-sample run time (includes wash sequence 
and sample loading)

Conclusions

Carbonic Anhydrase XIC

Streptavidin XIC

• The DynaChip X1TM enables automated online buffer exchange for protein-ligand assays across multiple 
different protein-ligand pairs with varying Kd values.

• The gentle cleanup method maintains protein-ligand pairs for analysis similar to traditional buffer 
exchange methods.

• Competitive binding assays confirm preferential protein-ligand binding pairs.
• Time-based assays demonstrate variable binding based on binding kinetics.

• Autosampler integration supports higher-throughput native MS screening workflows.

Autosampler to DynaChip X1  integration provides a practical path toward scalable, 
automated native MS protein-ligand screening. 

Online buffer exchange removes adducts and interferents without disrupting bound 
species, improving spectral quality for native MS analysis of protein-ligand complexes.

Binding Occupancy Over Time – Trypsin and Pefabloc

Short
Incubation

(30 min)

Extended 
Incubation 

(3 day)

• Trypsin (P) is a proteolytic enzyme important for digestion of proteins into peptides. An impurity (I) is observed.
• Pefabloc (L) is an irreversible serine protease inhibitor that modifies trypsin’s active site.
• Varying the molar ratios of trypsin:pefabloc results in observed population shifts in bound vs. unbound 

complex. 
• An extended incubation period results in increased bound complex compared to using higher concentrations 

of ligand at the short incubation time.

Time-dependent differences in binding occupancy can be observed using the DynaChip 
X1  coupled to MS.

500 nM carbonic anhydrase 

500 nM streptavidin

Dorzolamide
Kd – 3.2 nM1 

Chlorothiazide
Kd – 370 nM1 

Competitive binding assays using the DynaChip X1  establish a 
straightforward workflow for comparing ligand affinities to a target protein. 

Streptavidin

Streptavidin
+ Biotin

• Offline buffer exchange 
of streptavidin-biotin 
results in more shoulder 
peak adducts 
compared to online 
DynaChip X1TM cleanup. 

• Future work will explore 
additional protein-
ligand systems and 
compare DynaChip X1  
performance against 
traditional sample 
preparation methods.

• Streptavidin (P) is 
composed of 4 
subunits that each bind 
1 biotin (L)

• Each of streptavidin’s 
subunits readily 
undergoes methionine 
removal (-131 Da)
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Run 10 – CA
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