
WYATT TECHNOLOGY CORPORATION 

1 

Live Webinar Q&A Sheet: 

Screening and Characterizing Biomolecular Interactions  

via Light Scattering for Biotherapeutic R&D:  

Part 1 – High Throughput Screening by Dynamic Light 

Scattering 

The recorded webinar may be viewed here. These questions were submitted by 

live viewers. Additional information on DLS and the DynaPro Plate Reader II 

may be found in the Wyatt Library under Webinars, Application Notes, Featured 

Publications and Bibliography, as well as on the corresponding Product and 

Theory pages of our website.

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

Q: How do you account for specific interactions such as the effect of high ionic strength 

using DLS? 

A: Diffusion constants and effective hydrodynamic radii measured by DLS can 

be concentration-dependent, depending on buffer conditions and properties of 

the molecule such as net charge or self-association. In most cases concentrations 

below a few mg/mL may be considered within ‘the dilute limit’, but sometimes 

the concentration effect is seen even at lower concentrations. When these effects 

are important, the ‘correct’ values of Rh are obtained by extrapolating the 

concentration dependence to infinite dilution, i.e. c=0. The slope of this function 

Dt(c), D1 (a.k.a. kD), is known as the diffusion interaction parameter or 

concentration coefficient of diffusion. D1 is a measure of non-specific interactions 

between the macromolecules and can be related to the second virial coefficient as 

described in the slides. 

http://www.wyatt.com/library/webinars/watch/screening-a-characterizing-biomolecular-interactions-via-light-scattering-for-biotherapeutic-rad.html
http://www.wyatt.com/Dynapro
http://www.wyatt.com/library/theory/dls.html
mailto:info@wyatt.com?subject=June%202013%20Webinar%20follow-up
http://www.wyatt.com/library
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Q1: Are the hydrodynamic sizes based on the average of the intensity peaks or the z-

average? 

Q2: Are the Rh values as a function of temperature calculated from cumulant data? 

A: In the plots of size vs. temperature or concentration, the size is based on 

cumulants analysis. The analysis provides the z-average diffusion constant (i.e., 

weighted by the square of the molar mass); it is not straightforward to relate that 

to a specific type of average radius. 

Q: In addition to high temperatures, is there a way to test stability of samples subjected 

to freeze-thaw cycles? 

A: The DynaPro Plate Reader II will regulate temperature down to 4°C. In order 
to do actual freeze-thaw, you would have to move the plate to the freezer and 

then back to the instrument. Please check if the plates can withstand these 

temperature cycles (not all plates will go to 85°C either).

Q1: What is the lowest concentration of protein you can use in the DLS Plate Reader?

Q2: Will these measurements work for sub mg protein concentrations (0.1 - 0.5 mg/mL) 

for 20-40 kDa protein size. 

A: 0.1 mg/mL is close to the limit of accurate size determination for a 20 kDa 

protein, but is comfortable for a 40 kDa protein. In general the lowest 

concentration is proportional to molar mass. For antibodies you can go down to 

0.01 mg/mL while retaining accurate sizes; for lysozyme, which has 1/10th the 

molar mass of an antibody, you can only measure down to about 10x the 

concentration, i.e. 0.1 mg/mL.

Q: In general, in DLS, what are the cases when using a cumulant fit is more appropriate 

than a regularization fit? 

A: The cumulant fit is most appropriate for monomodal distributions, i.e. the 

range of sizes does not exceed ~ 3x the central value. If the distribution is 

multimodal or exceeds that distribution of sizes then regularization is required. 

The approach we recommend is to try a cumulants fit first, and if that is not 

satisfactory, apply regularization. 
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Q: In respect to aggregation and melting point (mid-point) temperatures, do you see any 

differences between different mAb isotypes? 

A: Aggregation, unfolding and other stability properties of mAbs are 

surprisingly sensitive to minor changes, including (maybe especially) to the 

complementarity-determining region (CDR). Different isotypes could be quite 

different. 

Q1: Is evaporation from the wells problematic when temperatures are elevated? 

Q2: Is there any alternative to mineral oil for sealing plates to prevent evaporation? 

A: Evaporation is certainly something that must be addressed. We cap the wells 

with mineral oil or paraffin oil. It is also possible to use sealing tape, though that 

will degrade optical performance somewhat. 

Q: What is your light source in the DLS Plate Reader?

A: The light source for DLS measurements is an 830 nm laser. The light source 

for the camera is a set of 530 nm LED’s. 

Q: Any idea about why just small aggregates formed for mAb1 at pH 9.5 at 80°C,

comparing with large aggregate at pH 8.5? 

A: To answer that question properly we would have to know much more about 

this mAb, and we do not have access to that information. We do know that the 

pI is 6.5 (based on mobility measurements made with the Möbius), so pH 9.5 is

farther from pI. In fact we have measured the mobility and found that the 

Debye-Henry-Hückel charge is ZDHH=-13 at pH 8.5 and -27 at pH 9.5. My guess 

is that different charge distributions induce different conformational instabilities 

and therefore expose different hot spots for aggregation. But it’s just a plausible 

guess. 

Q: Can we differentiate the size differences in case of random polypeptides of 150-200mer 

size? Can DLS work for synthetic random co polymer of peptides of 200-mer size? 

A: Please remember that DLS measures size via the diffusion coefficient. The 

value determined reflects the conformation of the macromolecule. It sounds like 

these polypeptides might be random coils. So if they all have essentially the same 
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degree of compactness then a batch DLS measurement should be able to 

differentiate a solution of 150-mers from a solution of 200-mers. However, unless 

you know the relationship between diffusion constant and molar mass, DLS will 

not tell you the number of peptides in the chain.  

If they were mixed in solution, you would see in the DLS a broadened 

monomodal distribution that could semi-quantitatively differentiate, via the 

polydispersity index, between a pure solution and a mixed solution.  

If you really want an accurate measurement/distribution of polypeptides you 

should turn to MALS (which gives you molar mass directly, rather than size) and 

a separation technique such as SEC or FFF. You can always add to the MALS 

detector a WyattQELS (DLS) module to measure size alongside molar mass, on 

the fractionated sample, for accurate size distributions. 

Q: Can we relate the frictional coefficient measured by DLS to the frictional coefficient 

measured by sedimentation velocity runs? 

A: Please disregard the answer provided in the webinar, as the question was 

initially misunderstood. See page 296 in 

www.nottingham.ac.uk/ncmh/harding_pdfs/paper216.pdf. Per this paper, 

another technique you may wish to use for assessing hydrodynamic properties 

of macromolecules is differential viscometry using the ViscoStar II. 

Q: Have you tried to look at viruses? 

A: DLS is commonly applied to viruses to determine sizes and distributions. If 

the question refers to quantifying virus-virus interactions, that’s something less 

commonly requested, and we have not tried it. 

Q: Will I be able obtain a copy of the power point from this web session? 

A: A pdf of the slides is provided upon request. Please contact least@wyatt.com. 

Q: Can we use this technique for materials such as gold nanoparticles and their binding 

to proteins etc. 

A: If the gold particles are small – radii comparable to the size of the protein, e.g. 

10 nm – and they end up being completely covered by the protein – then you can 

http://www.nottingham.ac.uk/ncmh/harding_pdfs/Paper216.pdf
http://www.wyatt.com/ViscoStar
mailto:least@wyatt.com


WYATT TECHNOLOGY CORPORATION 

5 

perform some semi-quantitative estimates of affinity and loading of proteins on 

the gold nanoparticles. That will not work if the particles are very large 

compared to the protein, e.g. 100 nm radius, as sensitivity will be insufficient. 

Some workers use the clumping of protein-coated gold nanoparticles as a 

sensitive screen for protein-protein binding, though it is not quantitative. 

Q: How do you calibrate/ QC the DLS Plate Reader?

A: The DynaPro DLS Plate Reader does not require calibration. It can be QC’ed 
or validated with reference samples having known hydrodynamic radii such as 

lysozyme or nanoparticle standards. 

Q1: How much trust can you put into the molar mass information you extracted from 

the raw count from the experiment?  

Q2: In slide 31, how did you estimate the size of aggregate (tetramer, 12-mer)? 

A: The oligomer number was estimated from the ratio of raw photon count rates 

below and above the transition. The count rate effectively represents static light 

scattering and so is proportional to the product of molar mass and concentration. 

Since the count rate increased but the concentration did not change, the weight-

average molar mass must have increased by that factor (3.5x and 12x, 

respectively). We know that the solution was monomeric below the transition, 

and so arrived at that estimate. 

The weight-average molar mass cannot tell us conclusively that what formed 

was a single species, tetramer or 12-mer; it could just as well have been a mixture 

of species adding up to that final average. You need a separation technique such 

as SEC-MALS to figure out the true distribution (assuming it is independent of 

concentration so the oligomers do not dissociate upon dilution). 

The auto-attenuation function of the DynaPro Plate Reader keeps the count rates 

more or less within the linear regime of the avalanche photodiode detector; the 

count rates we report are normalized by the attenuation factor and so are good 

estimates of static scattering values, though uncalibrated - we do not deduce 

absolute molar mass, only relative values. 
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Q1: How you get a Kd from your plot of protein-protein binding? 

Q2: Could you please compare results of binding from DLS to SPR, IP and ITC 

experiments? Thank you! 

Q3: How does HTS-DLS change the size information to Kd? 

A: Quantitative DLS binding studies have only been carried out on a few 

standard proteins, to our knowledge. Please see 

www.wyatt.com/library/references/featured-publications/view/featured- 
publication-20, where you can download a free Biophysical Journal article 

showing the DynaPro DLS Plate Reader analysis of specific binding in more 

detail. This paper describes the math and technique behind CG-DLS to determine 

the equilibrium association constant, KD. For the model systems employed there 

(chymotrypsin self-association, and binding of chymotrypsin to bovine 

pancreatic trypsin inhibitor and to soybean trypsin inhibitor), the results were 

comparable to sedimentation equilibrium which is the gold standard for such 

measurements as well as CG-MALS. We have not seen reports of those systems 

measured by SPR or ITC. That paper also cites a few previous reports by other 

authors on other proteins. 

Additional papers employing DLS in binding studies may be found by searching 

our bibliography at www.wyatt.com/Bibliography. For the most part, those are 

not quantitative KD analyses (though there may be a few), but just show 

qualitatively aggregation/self-association.  

As mentioned in the webinar, there are certain limitations to determining KD by 

DLS; like CG-MALS (the topic of Part II of the webinar) the lower limit of KD that 

may be quantified reliably depends on the molar mass of the proteins. For DLS it 

is ~ 10-100 nM for antibodies and ~100-500 nM for small proteins such as 

chymotrypsin or insulin, which is not nearly as low as SPR; ITC usually does 

better than that too. A DLS analysis also requires that the average molecular size 

in solution change upon binding, which is straightforward for proteins of 

comparable size but will not work for a small molecule binding to a protein. So 

in those respects SPR and ITC have definite advantages.  

On the other hand, DLS will do a pretty good job of determining unequivocally 

the absolute solution stoichiometry and incompetent fraction, where SPR is 

challenged and ITC only provides a stoichiometric ratio, not a molecular 

http://www.wyatt.com/library/references/featured-publications/view/featured-publication-20.html
http://www.wyatt.com/Bibliography
http://www.wyatt.com/library/references/featured-publications/view/featured-publication-20.html
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stoichiometry. Like ITC and unlike SPR, DLS can analyze self-association and 

(relatively easily, in the plate reader) entropy and enthalpy. Sample 

consumption is far less than ITC or the SPR analyte. 

A more powerful technique for characterizing binding is CG-MALS. Please tune 

in to Part II to learn about it. 

Q: I am interested in the determination of viscosity w/ this instrument.  Can you 

elaborate on this? 

A: For determination of viscosity in a protein solution, we use some type of 

nanoparticle that is much larger than the protein but still well within the size 

range of DLS, typically 50-150 nm radius polystyrene latex spheres. The spheres 

are added to the protein solution and the entire solution measured by DLS. The 

DLS regularization should show a bimodal distribution: the protein (usually 

< 5-6 nm) and the spheres. If the solution viscosity  in the analysis is assumed to 

be fixed then the effective (reported) size of the spheres will vary with the 

solution viscosity: (true) = (assumed) * Rh(reported) / Rh(true). Please see He et 

al., “High-thoughput dynamic light scattering method for measuring viscosity 

of concentrated protein solutions”, Anal. Biochem. 399 (2010) 141-143 for 

additional details and validation.  

You should always make sure that the latex spheres are behaving properly in 

your buffers (not aggregating) and that the proteins are reasonably well 

formulated, otherwise they may stick to the latex and cause spurious 

measurements due to aggregation. DLS provides a reasonable, low-volume, 

high-throughput screening/ranking tool for viscosity but is not as reliable in 

absolute values as conventional methods. 

Q1: Can you comment on the effect of aggregation kinetics in interpreting your thermal 

stability curves? There seems to be two factors here. First, the impact of concentration 

on the aggregation half-life. Second, the time lag between scanning the different wells at 

a given temp. 

Q2: In the graph in slide 32: does the ramp rate of the machine matter? Would you get 

different onset points? 

A: Our ramp rate was quite slow, 0.1°C/minute, in order to be able to scan the 
entire set of samples every 0.5°C. There is also a small uncertainty in temperature 
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between wells in different parts of the plate. So the final precision in determining 

the onset point due to scanning wells was ~0.5°C. The stated precision of 0.9°C 
reflects the concentration-dependent onsets being averaged into one number, but 

(as in slide 29) each of those could be determined to within ~0.5°C.

A more typical ramp rate (e.g. if you were measuring a single sample) could very 

well be much faster, and could impact the onset point analysis if the aggregation 

or transition occurs slowly.  

A full analysis requires understanding how quickly the transition actually occurs 

and how closely you zoom in to calculate it. For example: if you only looked at 

the gross aggregation (main graph) in slide 28, Tonset would be higher than if you 

zoom in (as we did in the inset graph on slide 28). Among other things, that gross 

aggregation requires many collisions and takes time, so is relatively slow and 

would be impacted by ramp rate. The effect we see by zooming in is probably 

actual unfolding and early-stage aggregation which are rapid processes and so 

the ramp rate does not affect Tonset. The behavior shown in slide 32, which 

resulted in a small and finite aggregate, probably occurred on a time scale that 

was too fast to affect Tonset; but we can’t know without actually testing it by 

varying the ramp rate.  

Q: Is there any limit in terms of the concentration or the system size? 

A: In terms of size, Wyatt DLS instruments measure from 0.3 nm up to a few µm. 

The lower size limit requires relatively high concentration. 

The lower concentration limit was stated above, in the reply to another question. 

You can make DLS measurements at very high concentrations, but it really 

depends on the sizes and how reliable the data interpretation is. For proteins and 

similarly-sized macromolecules, currently there is no good theoretical 

interpretation of concentrations beyond the first order concentration correction 

(D1). For larger structures such as 100 nm particles, the limit is detector saturation 

by scattered light. Our instruments provide auto-attenuation up to a factor of 1 

million, which gets you pretty far; however, the limit will ultimately be 

determined by the actual particle properties. 

Q: What is an optimal protein concentration range for mapping D1 (kD) for antibodies? 

e.g. 1-5 mg/mL, 1-10 mg/mL or higher? 



WYATT TECHNOLOGY CORPORATION 

9 

A: Under optimal measurement conditions, the change in Dt over the entire 

range due to concentration is 10-20%. Generally 1-5 mg/mL is adequate though 

1- 10 mg/mL is better, as long as the antibody interactions are not exceedingly 

strong. When you go to higher concentrations you’ll find that the dependence is 

no longer linear and you need a higher-order fit, e.g. D2: Dt(c)=D0(1+D1c+D2c2+…). 

Fitting to a higher-order polynomial is not difficult but if your goal is to quantify 

D1 then it is better to remain in the linear regime. Higher-order corrections may 

be necessary even at 5-10 mg/mL if the antibody is highly charged and the ionic 

strength very low, or the antibody’s self-association is significant (e.g. around 

pI), in which case you might stick to lower concentrations like 5 or even 3 

mg/mL.  

Q: Susceptibility to temperature-induced aggregation at a particular solution condition 

can be reflected in concentration-dependent transition regions - however, for this the 

cumulant DLS data need to be reproducible. Are cumulant data values reproducible for 

aggregating samples? 

A: Generally yes, the cumulants are reproducible, but it depends on how 

controlled the aggregation is. Slow, even and finite aggregation such as that 

exhibited by mAb1 at pH 9.5 should (and did) show very reproducible 

cumulants. Less controlled aggregation like that exhibited by mAb1 at pH 8.5 

above the transition temperature might not, though in this case you can see that 

Rh and D1 in fact had little variation, at least up to the second transition at ~75°C. 
Interestingly, for pH 8.5 the cumulants and D1 values just below and at the 

transition appear very consistent.  

Q: Is it possible for a sample to have positive D1 (kD) at low concentration but aggregate 

at 50-100 mg/mL? 

A: Absolutely. As mentioned in the discussion of non-specific interactions, 

increasing the concentration forces the proteins into closer proximity, where the 

medium-range interactions can dominate. Those medium-range, generally 

attractive interactions are orientation-dependent as well as distance-dependent, 

so the molecules rotate to the most attractive configuration in order to minimize 

their free energy. This behavior has been studied by CG-MALS which can 

elucidate high-concentration interactions. At this time DLS does not enjoy the 

theoretical developments allowing such analysis in CG-MALS. 
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Q: Can D1 (kD) values be representative even for aggregated samples? I thought this 

parameter is related to solution non-ideality (unimodal Rh distribution), not to soluble-

insoluble oligomers (multi-modal Rh). 

A: You are quite correct that the ‘D1‘ calculation for multi-modal Rh consisting of 

insoluble aggregates (pH 8.5 data) is probably not theoretically sustainable and 

not really representative of aggregate interactions, though it was an interesting 

exercise. More work needs to be done to understand if the concentration 

dependence of the final aggregate state only impacted behavior at the transition 

temperature where the initial insoluble aggregates formed, or if the aggregates 

themselves undergo a concentration-dependent reversible process.  

On the other hand, the pH 9.5 data showed unimodal behavior above the 

thermal transition and the D1 values probably represented attractive interactions 

between the 18.5 nm oligomers.  

In either case, in order to prove if D1 of the aggregates truly describes non-

specific interactions, you would have to run a test as follows: 1) generate a 

significant population of aggregates by ramping above Tonset; 2) cool the sample a 

few degrees below Tonset; 3) check that the aggregates are still present; 4) prepare 

a dilution series of the solution (including monomers and aggregates) and 

determine D1. If it’s still there and comparable to the value above Tonset then it 

represents solution non-ideality (non-specific interactions). 

Q: When you see in the spectrum a combination of a tetramer and the monomer, does the 

tetramer correspond to 4 times the size of the monomer? 

A: Remember that DLS measures size, not molar mass. The size of the tetramer, if 

it is compact like the monomer, is about 41/3 ~ 1.6x that of the monomer. In the 

example of mAb1 at pH 9.5, we estimated that the low concentration sample was 

forming a tetramer above TM based on the raw count rates, but the apparent 

hydrodynamic radius was about 3x that of the monomer. So it would appear that 

the tetramer consists of denatured monomers or perhaps was forming linear, not 

globular, structures. There are other possibilities for interpreting the results. 

Q: Does this technique allow detection of monomers, dimers, etc. in a polydisperse 

sample? 
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A: A dimer typically differs in radius from a monomer by ~40%. Therefore the 

monomer and dimer cannot be resolved in batch DLS, since the minimum size 

difference for discrimination in DLS is ~ 3x-5x (e.g., an antibody has a radius of 

~ 5 nm, so an aggregate of ~ 20 nm radius could be resolved – this is about 43 = 

64x the molar mass).  

If there is sufficient amount of dimer present you will see the monomodal 

distribution width (polydispersity) increase relative to that of the pure 

monomer, and you will also see a shift in the peak position. However, it is 

impossible to say if the reason for the increase or shift is dimers, trimers or other 

low-order aggregates. 

True monomer-dimer resolution requires size exclusion chromatography or 

asymmetric field-flow fractionation coupled to multi-angle light scattering: see 

www.wyatt.com/library/theory/chromatography-mode.html.

Q: How does HTS-DLS differ from DLS? 

A: HTS is still batch DLS, just in a plate format where we can accommodate 

hundreds of samples at once. Those plates can be scanned automatically and 

rapidly, then moved to another instrument that performs another type of plate-

based analysis e.g. UV or fluorescence. 

Q: In order to obtain a good correlation function, one measurement consists of 3 runs of 

90 secs each, so why is HTS-DLS faster? 

A: Depending on the size of the molecule one can get very good correlation 

functions in a matter of seconds. The data shown for mAb1 at pH 8.5 and 9.5 

consisted of 10 second acquisitions per well per temperature point, and 5 second 

acquisitions are also feasible. Then, transitioning to the next well requires 2-3 

seconds more. Imagine you were working in standard DLS with a cuvette and 

had to change dozens or hundreds of cuvettes by hand, to get the same amount 

of data! 

http://www.wyatt.com/library/theory/chromatography-mode.html



