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Methods

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

DynaChipTM 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 into the DynaChip X1TM sample loop (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 source of a Thermo Fisher Scientific QE UHMR or a Waters Xevo G2-S QToF.  
Direct Mass Technology (DMT) mode was used for charge detection MS (CDMS) analyses on the Thermo 
Fisher UHMR.DynaChipTM
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Autosampler-Integrated Workflows

Conclusions
• The DynaChip X1TM enables automated online buffer exchange for native MS and CDMS  across a wide mass 

range, from small proteins (~10-30 kDa) to intact AAV capsids (3-6 MDa).
• Samples were cleaned up from a wide variety of buffers including PBS and other complex formulation buffers.
• Native oligomeric states and non-covalent interactions were preserved through online cleanup, including 

cytokine oligomers, protein-ligand complexes, intact mRNA species, and AAV capsid fill states.
• Autosampler integration supports high-throughput native MS workflows across multiple classes of 

biotherapeutics.
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Driving Biotherapeutic Innovation with Mass Spec 

The Benefits
Over 98% of biologics investigational new drugs (INDs) since 2016 use mass spec.
• MS has an unmatched combination of accuracy, sensitivity, and resolution for 

characterizing modern biopharmaceuticals.

The Challenges
Mass spec workflows are frustratingly complex, inefficient, and tedious.
• Sample prep – Low throughput, manual process that takes hours
• Complex workflows – analysis takes days to weeks
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Small Proteins
IL-2 and TNF-α in PBS

• TNF-α is a pro-inflammatory cytokine 
that forms a functional homotrimer 
with a molecular weight of 52.2 kDa 
(monomer: 17.4 kDa).

• The observed mass shift of the 
impurity is consistent with N-
terminal methionine removal. 

• IL-2 is an immunoregulatory cytokine 
that functions as a monomer with a 
molecular weight of 15.5 kDa.

• The observed mass shift of the impurity 
is consistent with N-terminal 
methionine removal. 

IL-2

TNF-α

Protein-Ligand Complexes

Carbonic Anhydrase

• Carbonic anhydrase (CA) II is a zinc-
containing metalloenzyme with a 
molecular weight of ~29 kDa.

• 500 nM CA was analyzed and 
deconvoluted to produce a neutral 
mass of 29.09 kDa.

• Exchanged from 10 mM phosphate 
buffer to 200 mM ammonium acetate

• Streptavidin and biotin were incubated 
at 1:1, 1:2, and 1:5 molar ratios with 
streptavidin at 500 nM.

• Shifts in protein-ligand binding are 
observed at different molar ratios.

Streptavidin

Streptavidin
+ Biotin

AAVs

• AAV8-CMV-GFP was injected at a 
concentration of 1x1013 vg/mL and analyzed 
in DMT mode on a Thermo UHMR.

• STORIBoard analysis showed 68.98% 
overfilled capsids, 29.46% full capsids, and a 
small empty population (1.56%). 

• Minimal partial capsids were observed, 
consistent with the known AAV8 packaging 
profile.

• Upstream purification resulted in low empty 
capsid population. 

Online buffer exchange with the DynaChip X1  delivers automated CDMS for AAVs, enabling rapid analysis of 
capsid fill states while preserving native structural integrity.

Run 25 (Last)

Run 1 (First)

NIST mAb XIC

NIST mAb
0.1 mg/mL
in 500 mM 

NaCl

• 25 sequential injections of NIST mAb 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 
run demonstrate reproducible cleanup.

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

RNA
Oligonucleotides in Formulation Buffer

mRNAs in Sodium Citrate Buffer

• GAPDH siRNA duplex (20 mM 
potassium acetate, 6 mM HEPES-
KOH, 0.4 mM magnesium acetate) 
and AAVS1 sgRNA (1 mM sodium 
citrate) were diluted to 500 nM 
using 200 mM ammonium acetate 
and analyzed on a Thermo Fisher 
UHMR. 

• Deconvoluted masses agree with 
expected values, confirming 
effective desalting and preservation 
of molecular integrity.  

• EGFP, mCherry, and FLuc mRNAs (all in 1 mM sodium citrate 
buffer) were diluted to 0.1 mg/mL using 200 mM ammonium 
acetate and run on a Thermo Fisher UHMR using DMT mode 
for CDMS.

• Deconvoluted masses closely matched theoretical values, 
with increasing error as the size of the mRNA increased.

• Additional species, including truncations, extensions, and 
dimers, were also resolved.

The DynaChip X1  enables native MS and CDMS 
characterization of RNA therapeutics from siRNAs to mRNAs, 

providing rapid, automated insight into sample heterogeneity.

EGFP (997 nt)
mCherry (997 

nt) FLuc (1922 nt)

Autosampler to DynaChip X1  integration provides a practical path toward scalable, automated native MS 
analysis for biotherapeutic development. 

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

Routine proteoform-level characterization of CGT-relevant cytokines and small proteins, resolving PTM-related 
molecular heterogeneity with sub-Dalton mass accuracy that would not be accessible by lower-resolution 

orthogonal techniques.
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