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Abstract
Biophysical characterization (affinity determination, formulation stability etc.) of therapeutic proteins such as antibodies, enzymes or vaccine
subunits, are of utmost importance at all stages of process development and final product formulation. The contemporary methods such as
BLI(Biolayer interferometry), DSF (Differential scanning fluorimetry), DLS (Dynamic light scattering) generate data that addresses one
aspect of the biophysical characterization but not all. Thus necessitating orthogonal approaches. More over, certain methodologies could be
limited to specific process parameters, assay format, or data analysis. For example, affinity characterization via BLI rely on classical
Langmuir 1:1 interaction model fit to estimate the affinity of the interaction. However, in nature protein interactions are rarely 1:1. Rather,
more complex and dynamic interactions occur where analytes and ligands could be part of larger multimeric or heterogenous complexes.
Here, we present data on such complex interactions using the principles of Flow Induced Diffusion Analysis (FIDA) via a FIDA 1 instrument,
where both the ligand and analyte interact freely in solution. Using SARS-Cov-2 trimeric spike : ACE2-Fc interaction as a model, we
analyzed the complex interactions and protein stability in presence of chaotropic agents such as urea at different temperatures. We showed
that Spike Trimer : ACE2-Fc form large - higher order complexes and we identified the steady state affinity of this large complex. For the
stability study of the spike protein, we performed a multiplexed assay by varying the concentration of urea and temperature in one
experimental set up. We showed that the spike trimer has 3 step unfolding process at room temperature. We also employed contemporary
methods including BLI for storage stability, DSF for thermal stability as well as DLS to analyze particle size distribution and unfolding
parameters of the spike trimer. We observed a decrease in the melting temperature (Tm), and an increase in particle size distribution with
increasing concentration of urea. Generation of larger particles and reduced Tm suggests decreased stability of the protein in presence of
urea. Thus, the combination of orthogonal methods such as FIDA, BLI, DSF and DLS can help generate complementary data that enable
researchers to identify crucial biophysical parameters and make data driven decisions for screening of optimal formulation conditions to
maintain the activity and stability of therapeutic proteins.
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Figure 1: SARS-Cov-2 Trimeric spike protein vials were stored at 4C, -80C for stability analysis. The stability of the trimeric spike was determined via biolayer interferometry
(BLI) on Octet Red96 instrument. ACE2-Fc (Ligand) was immobilized on to AHC biosensor and trimeric spike was used as analyte (A) We found that spike protein stored at
4C conforms to 1:1 Langmuir binding but not samples stored at -80C. 4C stored samples showed faster dissociation and lower affinity. Suggesting possible break down of the
trimer. (B) A heterogenous binding mathematical model more accurately described the nature of interactions, however, since both ACE2-Fc(dimer) and Trimeric spike could
interact with different stoichiometry, the model may not be adequate in estimating KD of interaction. Overall, spike samples stored at 4C show lower affinity compared to
samples stored at -80C.

Figure 4: FIDA analysis. Here FIDA 1 instrument was used with UV-detector (tryptophan fluorescence) and SARS-Cov-2 spike trimer as analyte. Buffers with increasing
concentration of Urea (0 M – 8 M) were used as analytes. The Rh (hydrodynamic radii) change was monitored at 27C, 40C, 50C. (A) a Plot of Time (sec) vs UVfluorescence intensity of spike timer with urea buffer, shows increasing retention times and separation of peaks occurs at 5.5 M urea. The difference between two peaks
is 0.2nm in Rh.
(B) Plot of Urea concentration (M) vs Rh, shows as urea concentration increases, the Rh increases, these measurements are raw un adjusted values.
(C) The Rh values were adjusted to account for viscosity changes in buffer, here at 27C we observe that spike undergoes a stepwise increase in Rh. While at higher
temperatures, 40C and 50C the increase is more linear. The Rh decreases as temperature increases due to changes in viscosity of buffers and in diffusivity of the
proteins in these buffers.
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Figure 2: FIDA or Flow Induced Diffusion Analysis. (A) ACE2-Fc was labelled with Fluor spin 490 dye and was used as an indicator, signals were detected via a fluorescence
detector. Increasing concentrations (9 nM – 300 nM) of the SARS-Cov-2 spike trimer was used as analyte. At 300 nM spike protein, we observed very large interaction
complex. (B) the large interaction complex was excluded from analysis and a 1:3 fitting Model was used to describe the interaction and ascertain the binding affinity of the
complex. KD of complex was determine as 13.3 nM
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Figure 5: Dynamic Light scattering (DLS). (A)The SARS-Cov-2 Spike trimer was incubated with buffers of increasing Urea concentration (0 M – 7.5M) and particle
size analysis was performed with contig fitting parameters on Anton par Litesizer 500. The particle size (diameter) distribution is shown with potential aggregates with
size starting at 100 nm and beyond. The larger size particles were excluded from plot for the purposes brevity.
(B) Hydrodynamic diameter of spike with increased with increasing concentration of urea.
(C) Peak intensity of peak 1 of the size distribution (B) shows as urea concentration increases the size (nm) of peak 1 intensity increases.
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Figure 3: Differential Scanning Fluorimetry, SARS-Cov-2 Spike Trimer protein was incubated with increasing concentrations ofConfidential
Urea (0 |M–
4 M)
to determine
the influence of
chaotropic agents on protein stability via monitoring the melting temperature of proteins. (A) Melting Peaks Plot, Orange and yellow colored plots represent trimeric spike in
buffer without Urea and other plots show increasing concentration of urea. The peaks shift towards lower temperature as urea concentration increases. (B) Inset: A plot of Urea
concentration (M) vs Tm, shows decreasing melting temperatures as urea concentration increases. Table shows Tm values. Tm at 4 M urea could not be determined using DSF.

Conclusions:
1. Here we show that a SARS-Cov-2 spike trimer could form higher order complexes with ACE2 and the apparent
affinity of this large complex could be determined using FIDA.
2. Similarly storage conditions affect the activity of spike trimer as identified via BLI affinity studies. We found that for
long term storage -80C storage is preferred vs 4C, where the trimeric interaction appeared to be lost.
3. Using methods such as DLS and FIDA, we observed that the hydrodynamic size of the proteins increases with
urea concentration. We also showed that spike trimer in presence of chaotropic agents such as urea undergoes
a step wise unfolding, which resulted in reduced temperature stability (Tm) and made it prone to aggregation.
4. In conclusion BLI, DLS, FIDA, DSF approaches complement each other and provide a more comprehensive data
about protein characteristics such as affinity, stability that are crucial for therapeutic development.
Acknowledgements:
• Our sincere thanks to Dr. Emil G.P. Stender, PhD, Mays Hannegraaff and FIDA Biosystems for providing the FIDA 1
system for evaluation.
• Dr. Emil G.P. Stender generated the Spike : Ace2 plots, provided and technical training, method development for
FIDA1.

