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Live Webinar Q&A Sheet: 
 

Predicting stability of antibody therapeutics by unfolded-state 
studies with high-throughput dynamic light scattering 

 
The recorded webinar may be viewed from the DLS webinars page. These questions were submitted by 
live viewers. Additional information on SEC-MALS, DLS,  CG-MALS, RT-MALS and FFF may be found on the 
Wyatt web Library under Webinars, Application Notes, Featured Publications and Bibliography, as well as 
on the corresponding Product page and Solutions page of our web site.  

Please contact info@wyatt.com with any additional questions.  

Protein-protein interactions, kD and B22 

Q: How do you measure the protein-protein interaction for high-concentration samples, such as  
>100 mg/mL? Can the NanoStar be used at such high concentrations? 

A:   We use Wyatt’s DynaPro Nanostar for measurements at high concentrations including above 
100 mg/mL. The NanoStar provides simultaneous dynamic and static light scattering (DLS, SLS) 
detection, along with a low-volume quartz cuvette, which requires just a couple of microliters, to 
minimize sample consumption.  Generally there is no angle dependence of scattered light from 
solutions containing proteins the size of mAbs, in which case using the Nanostar’s 90 degree 
detector provides accurate results. Usually the instrument is suitable for protein concentrations 
above 100 mg/mL, though care must be taken to avoid saturation, angular dependence and 
multiple scattering which might occur if the protein self-associates to form a significant fraction 
of large oligomers (> 1 MDa) in the solution.  

 The SLS measurements at high protein concentration provide a direct measure for the osmotic 
compressibility of the solution (which is the inverse of the structure factor in the limit of the 
scattering vector going to 0), or the Kirkwood-Buff interaction parameter 𝐺𝐺22.  Relating these 
measurements to protein-protein interactions can be done using chemical or physical association 
models.  Many mAbs exhibit strong self-association, in which case the measurement can be 
interpreted in terms of oligomerization models, although care must be taken to account for non-
idealities arising from excluded volume and electrostatic interactions.  For systems where 
protein-protein interactions are either repulsive or only weakly attractive, the data can be 
interpreted using simplified interaction models combined with statistical mechanics, or by using 
coarse-grained molecular simulations.  

Data may be acquired directly from the NanoStar with CALYPSO software, which then facilitates 
analysis in CALYPSO in terms of oligomerization models with thermodynamic non-ideality, as well 

https://www.wyatt.com/library/webinars/dls.html
http://www.wyatt.com/Library
https://www.wyatt.com/products/instruments/dynapro-dynamic-light-scattering-plate-reader.html
https://www.wyatt.com/solutions/techniques/dynamic-light-scattering-nanoparticle-size.html
mailto:info@wyatt.com?subject=October%202018%20Webinar%20follow-up
http://www.wyatt.com/NanoStar
http://www.wyatt.com/CalypsoSW
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as simplified interaction models such as virial coefficients or effective hard spheres. The data can 
also be exported to a text file for analysis in other programs. 

Q: If I don’t have a Calypso composition gradient system, how can I use my DAWN MALS instrument 
and Optilab differential refractometer to determine B22, in order to obtain correct molar mass 
values at concentrations where self-interaction effects cannot be ignored? 

A: Determining B22 requires a series of SLS measurements of samples with varying protein 
concentration. The samples are injected into the system (directly to the flow cell, no column) to 
obtain simultaneous concentration and light scattering measurements, for example with 
the Optilab refractometer (using the value of dn/dc obtained as described below) and DAWN 

MALS instrument.  The values for B22 (a.k.a. A2) and Mw can then be obtained with the online 
Zimm plot method in ASTRA MALS analysis software. Alternatively, if the protein concentrations 
are well known, the measurement can be done without the Optilab using ASTRA’s batch Zimm 
plot method. 

For standard solvents such as PBS, dn/dc is usually known, especially if you have been running 
SEC-MALS on the protein. For measurements at high co-solvent composition, e.g. 10% sucrose, 
dn/dc should be measured from the difference in refractive index between the protein sample 
and its dialyzate. The measurement can be carried out using the Optilab over a series of known 
protein concentrations.  

The two measurements mentioned above, of dn/dc and B22 (using known protein concentrations) 
may even be combined in a single measurement series. 

Q: How much spread in concentration is required to accurately measure kD and B22 for proteins that 
are not highly concentrated such as vaccine antigens? 

A: In general, a trial and error process is required to identify the optimal concentration range, which 
depends on the magnitude of the interactions and on the desired uncertainty in the 
measurement.  

• For weakly interacting systems, we find a concentration range of 2 to 15 g/L is reasonable for 
kD, while for B22 measurements, 1 to 8 g/L is sufficient.  Measurements at higher 
concentrations may enter the interaction regime which requires B222 (A3) or other high-order 
terms in order to properly fit the data. The optimal range for B22 measurement does not 
depend strongly on protein size since the B22 value is roughly inversely proportional to molar 
mass, while the virial term is proportional to the product of B22 and molar mass. 

• For strongly self-associating systems, lower protein concentrations should be used, but then 
the measurements are really probing equilibrium self-association rather than non-specific 
interactions quantified by B22 or kD.   

http://www.wyatt.com/Calypso
http://www.wyatt.com/Optilab
http://www.wyatt.com/DAWN
http://www.wyatt.com/DAWN
http://www.wyatt.com/ASTRA
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Q: In general, can we always base our inferences regarding colloidal stability solely on kD or do we 
need to calculate B22 as well? 

A:  For all the systems we have studied, and those published in the literature, there is always a 
strong correlation between B22 and kD when comparing different solvent conditions for the same 
protein.  However, when comparing between different proteins, there is a weaker correlation 
between B22 and kD, so the kD measurements should be interpreted more carefully.  

Q: Are diffusion coefficients determined at low ionic strength actually representative of protein-
protein interactions or are they driven in some part by gradients of the co-ions?  I have seen a 
couple of publications on that but nothing definitive. 

A: At low ionic strengths, for instance less than 10 mM, the approximations used for relating the DLS 
and SLS measurements to protein-protein interactions break down due to the long-ranged nature 
of electrostatic interactions. It is always important to check that your molecular weight or infinite 
dilution hydrodynamic radius values are accurate to check that there are no artifacts from 
working at low ionic strengths.  

Q: Is it appropriate to measure kD when the size distribution is clearly multi-modal? 

A:   Normally, kD is calculated from the dependence of the diffusion coefficient Dt on concentration, 
where Dt is determined by the cumulants analysis and the sample is assumed to be monomeric.  

Generally it is not advisable to use multimodal size distributions for kD analysis. In principle you 
could calculate kD from the diffusion coefficient of the ‘monomer’ peak obtained by 
regularization (NNLS) analysis rather than the overall Dt from cumulants, but chances are that in 
such cases the ‘monomer’ peak does in fact contain small aggregates or is otherwise skewed by 
the presence of the additional modes. 

DLS general 

Q: Can a temperature ramp experiment be performed using the DynaPro Plate Reader in SLS mode? 

A:   Yes, the DynaPro Plate Reader III (DPR3) is capable of these measurements. Temperature ramp 
experiments could also be performed in the DPR2, with ‘normalized count rate’ as an effective 
indicator of SLS intensity; however, the results are not linear, calibrated and solvent-offset-
subtracted as in the DPR3, which uses these advantages to provide true molar mass values from 
SLS. 

Q: How high is the DPR3 throughput? How quickly can it measure a plate? 

A:   We use 384 well plates, with 30 microliters per sample, and all samples replicated in triplicate, it 
is possible to perform 15 measurements of kD in a single plate in two to three hours, unattended.  

http://www.wyatt.com/PlateReader
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For temperature ramp experiments, the number of samples and the density of temperature 
points will determine the heating rate as the measurements are carried out in series.  

• Assume 36 samples and one reading every 2 °C between 25 °C and 85 °C.  

• A DLS reading on each sample typically requires 30 seconds or so (in principle each 
reading could be as short as 10 seconds including transition time between wells).  

If you do the math, that comes out to (36 samples) x (30 seconds per measurement) x (30 
temperature points) = 9 hours, or 3 hours if you use the shorter acquisition times. 

Q: Do you regularly measure viscosity prior to performing DLS measurements? 

A:   Yes, it is good practice to carry out viscosity measurements on solvents with high co-solvent 
concentrations, if the values have not been measured or reported in the literature, since DLS 
analysis requires knowledge of the solvent viscosity.   

Please note that the viscosity only impacts the determination of the infinite dilution radius Rh, but 
not the kD value.  Obtaining the correct infinite dilution radius provides assurance that the sample 
quality is good, although there are other mechanisms for checking sample quality (e.g. the 
polydispersity of the sample obtained from the cumulant analysis).  Another important reason to 
check Rh is that some proteins might undergo conformational changes, especially at low or high 
pH. 

MALS general 

Q: Which SEC column was used for SEC-MALS? 

A: The measurements described in the webinar made use of a TSKgel G3000SWXL column. Wyatt 
offers non-shedding protein SEC columns that have been optimized for light scattering 
measurements. 

Q: How can dn/dc be measured? 

A: Each protein sample should be dialyzed extensively against the solvent. The dn/dc is determined 
from the intercept of a plot of the refractive index difference (between protein sample and the 
dialyzate) divided by protein concentration versus protein concentration.   In general, we find 
that there is very little non-linearity in the protein concentration, so averaging the measurements 
provides an accurate calculation of dn/dc.  We have recently published an article which discussed 
the measurements, please see https://doi.org/10.1016/j.xphs.2020.05.023 

http://www.wyatt.com/Columns
https://doi.org/10.1016/j.xphs.2020.05.023
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Denaturation 

Q: Did you compare GndHCl with urea in this study? GdnHCl is charged so will it influence 
electrostatic interactions while urea won't? 

A: We have carried out measurements with both GdnHCl and urea as denaturant.  We chose to 
focus on GdnHCl because lower concentrations are required to denature the protein and we 
were interested in protein-protein interactions once the electrostatic interactions had been 
screened out.   

Q: Are denaturants like GdnHCl good candidates for simulating storage conditions of the ultimate 
formulation?   

A:   We have shown that measurements of self-association under chemically denaturing conditions 
provide a measure for the colloidal stability of unfolded state, which is one factor that determines 
storage stability.  As such, it could be combined with other typical stability measurements such as 
Tm, Tagg, B22 or kD under native conditions, in initial screens for identifying conditions for storage 
stability studies.   

Q: What is the utility of using arginine to stabilize unfolded monomers by reducing stickiness, if the 
mAb is fully denatured? 

A:   Under conditions at intermediate GdnHCl concentrations, we have found some mAbs are fully 
unfolded, but still exhibit some self-association, which can be reduced by adding arginine. These 
mAbs also had increased aggregation propensity upon storage at room temperature under native 
formulation conditions.  The hypothesis is that the stickiness observed in the denatured state 
relates to the self-association propensity of the partially-folded proteins involved in aggregation 
pathways during storage. 

Other topics 

Q: Will the type of measurements described in the webinar help in understanding disulfide shuffling 
of IgG2? 

A:  DLS or SLS could indirectly check effects of disulfide shuffling if it alters protein size or protein-
protein interactions. However, they would not be definitive indicators of the shuffling. 

Q: How is it possible to differentiate between degradation and just disaggregation? 

A:   If you see large aggregate peaks drop in relative intensity, then most likely this is simply 
disaggregation. The trick is when the main DLS population, which may include monomers, small 
oligomers and fragments, decreases in size – is it due to decreasing amounts of small aggregates, 
or increasing amounts of fragments?    
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Protein degradation products are usually close in size to the monomer, but DLS can only resolve 
different-sized populations when the ratio of sizes is greater than 5 or so. Therefore, determining 
the presence of degradation products would usually require carrying out SEC-MALS runs if the 
degradation products have different molecular weights from the native species. 
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