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Fig. 2 A mass photometry measurement of AAV-DJ capsids clearly 
resolves empty vs full capsids. Two distinct peaks are visible: one with 
lower mass corresponding to empty capsids, and a second with higher 
mass  corresponding to full capsids. Measurements were performed 
on the Refeyn SamuxMP.

Fig. 1 The principle of mass photometry analysis for AAVs. The 
light scattered by an AAV capsid (or any other biomolecule) at the 
measurement interface interferes with light reflected at that interface. 
The signal intensity scales linearly with the mass of the capsid, which 
means that the signal from an empty capsid can be differentiated from 
that of a full capsid.

AAV analytics with mass photometry
Mass photometry is an ideal analytics technology for labs working with AAVs. In just minutes, a mass photometer can 
precisely measure the empty/full capsid ratio for AAVs of any serotype. It requires only very small sample volumes and 
concentrations, and minimal sample preparation. 

What mass photometry offers for AAV 
analytics

• Quantitative characterisation of AAV samples

• Empty/full capsid ratio measurement

• Serotype-independent analysis

• Rapid analysis requiring little sample

• Less than five minutes to obtain result

• Very low operating costs

• Minimal sample preparation needed

• User-friendly operation

• Benchtop instrument

• Software customised for AAV analysis

• An instrument designed for working with AAVs

• Easy decontamination

What is mass photometry? 

Mass photometry is an innovative technology that analyses 
biomolecules, including adeno-associated viruses (AAVs), at the 
single particle level, in their native state and without the need for 
labels. It measures the light scattered by individual particles, and 
uses this signal to count them and measure their mass (Fig. 1).

Mass photometry is used to study biomolecular interactions, 
oligomerisation and macromolecular assembly. It enables 
straightforward assessment of the quality and stability of samples 
of biomolecules. 

Why is mass photometry ideal for AAV analysis?

Because mass photometry measures the mass of individual 
biomolecular particles but is not sensitive to particle size or 
shape, it is an ideal tool for quantifying AAV capsid loading. When 
AAV capsids are loaded with DNA cargo, their mass increases 
but their size and shape remain the same. Mass photometry can 
also be used to detect impurities in AAV samples and partially 
loaded capsids. 



Quantification of empty/full capsid ratios 

Mass photometry can clearly resolve the difference between 
empty and loaded AAV capsids (Fig. 2), providing a precise 
measurement of the empty/full capsid ratio of an AAV sample in 
just minutes with very little sample. It can also reveal the presence 
of unwanted species, such as partially filled or overfilled capsids.

Mass photometry reliably quantifies empty/full capsid ratios, even 
for samples with relatively few capsids. To show this, mixtures 
with varying proportions of commercially available empty and 
full AAV-DJ capsids were prepared. Mass photometry was used 
to measure the percentage of capsids that were fully loaded 
in each mixture. The peaks corresponding to empty and full 
capsids were again clearly resolved, and the measured loading 
percentages closely matched the values expected based on the 
content of each mixture (Fig. 3).  

Serotype-agnostic AAV analysis

Mass photometry delivers reliable results across AAV serotypes. 
To demonstrate this, it was used to measure samples containing 
empty AAV capsids of each of four different serotypes: the 
naturally occurring serotypes AAV5, AAV6 and AAV8, and the 
synthetic serotype, AAV-DJ (Fig. 4). 

In each case, the mass photometry measurements revealed a 
single, symmetric peak at the expected mass – confirming that 
results are consistent across serotypes. 

Fig. 4 Mass photometry measurements of empty AAV capsids of 
different serotypes. Mass histograms for four different AAV serotypes 
are shown, with the mass and standard deviation calculated from 
three technical replicates. These peaks account for the majority of the 
particles detected, indicating that the samples had few contaminants. 
Measurements were performed on the SamuxMP.
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Mass photometry versus other methods 

Compared with industry gold standards, mass photometry 
provides equivalent results. To benchmark mass photometry’s 
performance, samples with different empty/full capsid 
ratios were analysed using cryogenic transmission electron 
microscropy (cryoTEM), analytical ultracentrifugation (AUC) 
and mass photometry. Empty/full AAV capsid measurement 
data show similar results for all three methods (Table 1). 

Mass photometry analysis also requires less sample, time, lab 
space and expertise than cryoTEM and AUC. 

Table 1 Benchmarking: cryoTEM, AUC and mass photometry. The 
three methods were used to measure the percentage of full capsids 
in each of four AAV samples containing varying proportions of empty 
vs full capsids. Data were provided by the Cell and Gene Therapy 
Catapult (London, UK). The mass photometry measurements were 
performed on the SamuxMP. 

Sample
% Full

cryoTEM AUC
Mass 

Photometry

A 6% 5% 5%

B 18% 28% 18%

C 24% 35% 30%

D 60% - 53%
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Fig. 3 Mass photometry measurements of AAV-DJ preparations. 
The varying sizes of the peaks in the mass distributions reflect the 
varying proportions of empty vs full AAV capsids in the prepared 
samples. Inset: the percentages of loaded capsids measured by mass 
photometry closely match the predicted loading. Measurement errors 
were less than ± 5%. Measurements were performed on the SamuxMP.
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Mass photometry solutions for AAV analytics
Refeyn has developed a range of instruments for characterising biomolecules and particles such as adeno-associated 
viruses (AAVs). Our SamuxMP mass photometer is optimised for AAV characterisation. 
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Fig. A The Refeyn SamuxMP is designed for AAV analysis. A 
compact, benchtop instrument, the SamuxMP features a sample stage 
designed to contain spills and allow for easy decontamination.  

SamuxMP: a mass photometer tailored for AAV 
analytics

The SamuxMP, designed specifically for AAV development and 
quality control, is an essential tool for labs working with AAVs. 

The instrument precisely measures the empty/full capsid ratio 
for AAVs of any serotype in just minutes. It can also reveal the 
presence of unwanted species, such as partially filled or overfilled 
capsids. The SamuxMP requires very little sample and minimal 
sample preparation. 

The SamuxMP fits on a laboratory benchtop (Fig. A). It requires 
only basic lab skills to operate, and a single measurement – 
including data analysis – takes under five minutes.  

Intuitive software

All Refeyn mass photometers come with Refeyn’s software, 
which has been customised to fit the needs of each instrument. 

The included software packages are:

• Refeyn AcquireMP for data acquisition  

• Refeyn DiscoverMP for data analysis

Intuitive user interfaces make it easy to collect, analyse and 
visualise data – and calculate empty/full ratios. Figures can be 
directly generated and exported from within the software.

Dedicated lab solutions

Also available are consumables for hassle-free mass 
photometry measurements (Fig. B). On top of offering more 
convenience and reducing the steps needed to prepare for each 
measurement, these products give users confidence in their 
data by helping maintain consistent measurement conditions. 

Refeyn’s range of consumable products includes:

• Ready-to-use sample carrier slides 

• Sample well cassettes 

• An alignment tool and tweezers  

• Magnetic slide holders

Fig. B Refeyn’s consumables range. To make running mass photometry 
measurements even simpler, ready-to-use sample carrier slides, sample 
well cassettes, an alignment tool, tweezers and magnetic slide holders 
are all available.  


