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Live Webinar Q&A Sheet: 

Characterization and formulation of therapeutic macromolecules using light 
scattering 

The recorded webinar may be viewed from the Biotherapeutics webinars page. These questions were 
submitted by live viewers. Additional information on DynaPro® Plate Reader, DYNAMICS®, DAWN®, 
Calypso®, SEC-MALS and CG-MALS may be found in the Wyatt website Resources section under 
Application Notes, 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.  

Light scattering basics 

Q: What are the basic differences between DLS and MALS? 

A: Dynamic light scattering, or DLS, measures the rate of fluctuations in the intensity of light 
scattered by an ensemble of macromolecules or particles, on time scales of microseconds, that 
arise from their Brownian motion. As such, it determines from first principles their diffusion 
coefficient, which can be converted to an apparent size—the Stokes radius, or hydrodynamic 
radius Rh—using the Stokes-Einstein equation which requires knowledge of solution viscosity and 
temperature. DLS typically measures Rh from 0.5 nm or less, up to one or more microns. 

On the other hand, multi-angle light scattering, or MALS, measures the time-averaged intensities 
of light scattered into different directions. Combining the angle-dependent intensity data with 
concentration and the specific refractive index increment dn/dc, one can determine from first 
principles the molar mass of the macromolecule or particle, and (independently) its size in terms 
of the root-mean-square radius Rg. Solution viscosity and temperature and not needed. MALS 
measures molar mass from 200 g/mol up to ~ 109 g/mol, and Rg from 10 nm to 500 nm. In 
intermediate ranges both molar mass and Rg are determined, while at the extremes it is possible 
that only one or the other are determined. MALS data can be fit to different shape models to 
provide more specific dimensions, e.g. the radius of a sphere or the length of a rod, if the shape is 
known a priori.  

A key difference between MALS and DLS relates to measurements of batch, or unfractionated 
samples. MALS provides the weight-average molar mass and z-average radius, with no 
information on distributions. DLS can provide some rough estimates of size distributions, for 
example average radius and polydispersity, or even the presence of distinct populations which 
differ in average size by at least 3x – 5x. For these reasons MALS is typically coupled with a 
fractionation method to provide SEC-MALS or FFF-MALS, where each eluting fraction is 
considered nearly monodisperse. DLS can also be coupled with fractionation in order to improve 
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resolution and provide more quantitative distributions than are obtained in batch mode. One of 
the benefits of DLS measurements without fractionation is the avoidance of dilution effects, 
which typically are present during fractionation, making it particularly well-suited to high-
throughput screening tasks using the DynaPro Plate Reader. 

Q: How much variability (%RSD) is acceptable with mass estimate values obtained from SEC-MALS 
analysis? 

A: This is sample dependent and would be a result of method qualification. Typically it is on the 
order of 2-3%, up to 5%. 

 Q: I am interested in the SEC-MALS combination for characterizing the molecular size of biopolymers. 
Is that also possible to determine via light scattering technique? 

A:   SEC-MALS using a DAWN MALS instrument and ASTRA software, is in fact very commonly used 
for characterizing biopolymers such as polysaccharides of all types, and is one of the primary 
methods for their characterization at the molecular level. It provides a complete distribution of 
molar mass, and also rms radius Rg for molecules with Rg larger than 10 nm. These two 
measurements, which are made for each eluting fraction (once or twice per second), can be used 
in many ways: to calculate moments, such as the number, weight and z-average of each; to 
calculate polydispersity, which is the ratio between moments e.g. Mw/Mn; and to calculate 
complete cumulative or differential distributions 

By combining size and molar mass, you can analyze molecular conformation of the biopolymers, 
e.g. is it a random coil, globular, branched, hyperbranched, or elongated/stiff. For branched 
molecules, often it is possible to analyze short-chain and long-chain branching, and for long-chain 
branching to determine the number of branches as a function of molar mass. If some fraction of 
the molecules are smaller in Rg than 10 nm, you can add a differential viscometer that will 
provide equivalent information to enable conformational analysis. 

See www.wyatt.com/SEC-MALS for detailed information. 

Q: Why do the MALS data show higher MW on both sides of the main peak? 

A:   This is an artifact, typically the result of low sample concentration in the tails of the peak, 
together with background noise in the light scattering signal. 

Q: Do kD and A2 always correlate with increase in temp and concentration? 

A:  kD and A2, which are measures of interactions and colloidal stability, are measured over a 
concentration series. They represent the first-order approximation to how the diffusion 
coefficient (kD) and apparent molar mass (A2) vary with concentration. As thermodynamic 
quantities they do have some temperature dependence, but usually it is weak until you get to the 
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region of a thermodynamic transition such as protein melting where they may vary fairly 
dramatically. 

 In principle they should not vary with concentration since they represent the coefficients of the 
first term in a series expansion in concentration. It is a common error to confuse the emergence 
of higher-order effects (e.g. contributions from second- and third-order terms in the polynomial) 
with apparent concentration-dependent changes in kd or A2. 

Q: How much material is needed to perform CG-MALS? 

A:   It depends on the objective of your experiment. A good rule of thumb is 3 – 10 mL of solution at a 
concentration that is 3 – 5x Kd, where Kd is the binding affinity to be measured. For typical 
antibody-antigen interactions where Kd is in the range of 1 – 100 nM, you need roughly 100 µg of 
each protein. If you are measuring the weak reversible self-association typical of high protein 
concentrations the material requirements will be several milligrams up to tens of milligrams for 
very weak interactions. 

Q: Is GC-MALS the same as CG-MALS? 

A:   CG-MALS stands for composition-gradient multi-angle light scattering, and is typically carried out 
with a Calypso composition-gradient system and a DAWN MALS instrument, and the data are 
analyzed by CALYPSO software. ‘GC-MALS’ is a misnomer. See www.wyatt.com/CG-MALS for 
more information. 

Measuring interactions 

Q: Would it be possible to study the interaction of a water-soluble polymer (based on 
methylmethacrylamides) with plasma protein using MALS or DLS? What would I see for a mixture 
of my polymer and plasma? 

A:   In general, macromolecular interactions can be studied by MALS or DLS if there is a significant 
change in the molar mass or size of species present in the solution. There are few ways this can 
play out, depending on what’s happening to the molecules: 

1. If they bind to each other fairly strongly, then you can run them on SEC-MALS to determine the 
distribution of molar masses present, and see how that changes before and after mixing them. 
This requires that the complexes are stable under the dilution and column shear that occur in 
SEC. SEC-MALS generally detects changes in molar mass on the order of a few percent and for 
such samples will probably also enable determination of the mass ratio of the protein and 
polymer in each eluting fraction. Generally SEC-MALS will not provide information on binding 
affinity, since it is not an equilibrium method and the concentration changes over time and across 
the peak, but in certain instances it may be possible to estimate the dissociation constant Kd.  
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2. CG-MALS measures the change in weight-average molar mass Mw of the solution. Depending on 
the ratio of protein to polymer and their overall concentrations, as they interact and form 
complexes, Mw will increase over what you would expect for an equivalent mixture of non-
interaction molecules. If the interaction is reversible, CG-MALS can determine which complexes 
form, their absolute stoichiometry (how many molecules of each type are present in the 
complex) and binding affinities. If the interaction is not reversible, CG-MALS can often provide 
insight into which complexes form, and their overall reaction kinetics. CG-MALS can quantify 
these interactions if the overall maximum change in Mw is on the order of at least 10%, which 
might occur when two molecules that are comparable in size bind to each other, or if one large 
molecule binds several relatively small molecules. 

3. Studies of the interaction by batch DLS would indicate changes in overall size and polydispersity 
of molecules or particles in the solution, and the formation of large aggregates. You could do this 
as a function of concentration, protein-polymer ratio and temperature. The required changes in 
Rh are also on the order of 5-10% percent. 

Please contact info@wyatt.com to arrange a detailed discussion with an applications scientist.   

Q: Can the DynaPro Plate Reader measure interactions between molecules with different MW e.g. 
chitosan and mucin? 

A:   The DynaPro measures changes in overall size (Rh), and the size needs to change sufficiently in 
order to be detected. If the interactions causes formation of large complexes that are well 
distinguished by Rh from the constituent molecules, then you will have an indication of the 
interaction. On the other hand, if the result is complexes that are in the same size range as the 
constituents, DLS could give you ambiguous results that could be difficult to interpret.  

. If you want to measure complex formation, consider SEC-MALS or CG-MALS per the detailed 
explanation provided in the previous question.  

Q: Do you have any knowledge on how reversible aggregation of particles behaves upon filtration or 
dilution of the sample? 

A:   In general, reversible aggregation increases with concentration, but the specifics are sample- and 
solvent-dependent. If the sample is diluted then the equilibrium will shift towards the smaller 
species, and in particular the monomer.  

Filtration may cause dissociation of reversible aggregates due to shear, but since reversible 
aggregation involves dynamic equilibrium between the species, within some time span the 
equilibrium will be re-established and you will end up with the same distribution of reversible 
aggregates, as long as the concentration and buffer have not changed. 

mailto:info@wyatt.com
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Stability measurements 

Q: Using DLS, how do you explain the increase of Rh under stress, since the virus-like particles should 
be the same, i.e. made of the same number of capsid proteins? Is it due to aggregates? 

A:   Yes, the increase in Rh is due to aggregation of the VLPs. 

Q: Was DLS able to differentiate virus’ native state vs. aggregates?  How many times larger are these 
aggregates compared to native size? 

A:    DLS was able to detect changes in particle size and polydispersity due to aggregation in samples 
that were subjected to freeze-thaw cycling and elevated temperatures. The extent of aggregation 
varied by the severity of the stress and the formulation. The overall size change measured 
reflects an average of the relative amounts of monomers, dimers, etc. 

Q: How to set up different temperature with DLS? 

A:   This is very easy to do with the DynaPro Plate Reader, and requires a few clicks in the software. 

Regarding VAFC 

Q: Are you involved in SARS-Cov-2 vaccines development? 

A:   [Dr. Kumru] Yes, see the following pre-print: 
https://www.biorxiv.org/content/10.1101/2021.03.03.433558v1 

Application-specific 

Q: At which pH did you do the studies with NaCl and Arginine? 

A:   HDX-M/S experiments were performed at pH 6.0 

Q: Does the arginine stability data also represent added stabilization from Cl due to pH'ing the 
arginine? 

A:   This is unlikely, since other tested additives in follow-up studies that were pH’d the same way did 
not have the same effect as arginine.  

Q: Have you compared the results on mAb conformations using circular dichroism? 

A:   Yes, and there was no change in overall secondary structure. CD is a low-resolution technique so 
it is not surprising we didn’t see any difference.  

https://www.biorxiv.org/content/10.1101/2021.03.03.433558v1
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Q: Was the AUC sample diluted? 

A:   AUC was performed at the same sample concentration as chromatography experiments. Since 
the OD at 280 nm was monitored, the optimal OD range should be between 0.1-1.0 OD. If using 
interference optics in the ultracentrifuge, higher concentrations can be used. 

Q: Does the hydrophobic anion X column denature your protein, such as may occur in reverse-phase 
chromatography? 

A:   No, chromatography was performed under native conditions using an aqueous mobile phase. 

Miscellaneous 

Q: How do you measure solution viscosity? 

A:   We use a viscometer, but it is also possible to use DLS. The DLS measurement of viscosity, which 
can be carried out for a large number of samples using the DynaPro Plate Reader, requires spiking 
the sample with particles of a known size, usually 50 – 150 nm polystyrene beads, measuring the 
diffusion coefficient, and plugging the size, diffusion coefficient and temperature into the Stokes-
Einstein equation to yield viscosity.  

Q: What do SV-AUC, DSC and HDX-M/s stand for? 

A:   Sedimentation-velocity analytical ultracentrifugation, differential scanning calorimetry and 
hydrogen-deuterium exchange mass spectrometry  
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