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Introduction

Viruses are increasingly used as gene therapy delivery vehicles due to their versatility and safety. They can be loaded with
DNA or RNA and delivered to a specific location in the body to treat or cure a disease [1]. One of the biggest challenges
for manufacturing a homogeneous virus sample is the presence of viral aggregates, which negatively affect transduction
efficiency, biodistribution, and immunogenicity [2]. Due to their relatively large size, often over 50 nm in diameter, virus
aggregates are challenging to separate and characterize by column-based chromatography techniques such as size
exclusion chromatography (SEC). In this Application Note, we present data on separation of a virus mixture using
Asymmetric Flow Field-Flow fractionation (AF4) and measurement of their radius of gyration (R ).

A schematic for the AF4 channel is shown in Figure 1. The combination of cross flow and channel flow enable size separation over
the course of the analysis: small particles elute and reach the connected detectors before larger particles, including aggregates.
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Figure 1: Schematic of the AF4 separation principle.

Experimental Details and Results

A virus mixture sample was created by combining smaller adeno-associated viruses (AAV) with larger adenovirus type 5 (Ad5)
in solution to simulate a sample with virus monomer and aggregates. To separate the viruses by size, an AF4 (Postnova AF2000)
was used, coupled to a Postnova 21-angle multi-angle light scattering (MALS, PN3621) detector for measuring the R, Both the
AAV-only and virus mixture samples were analyzed by AF4-MALS to highlight the differences between the samples. The carrier
solution was phosphate buffered saline (PBS). The AF4 membrane used was 10 kDa regenerated cellulose.
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Figure 2. Analysis of AAV-only sample. The curves are replicate AF4-MALS
fractograms, overlaid with Rg values (black and red dots).

The MALS response for the AAV-only sample is shown in Figure 2. The main peak corresponds to the AAV monomer eluting
between 17 and 20 min. The R_measured for the monomer is ~ 12.5 nm, very consistent with an expected diameter of 25 nm.
There is a small shoulder to the right of the monomer peak, and the increasing R_ for this shoulder peak indicates the presence
of a small amount of dimer/trimer/small aggregates in the sample. Fully separating the monomer from any aggregate species
was beyond the scope of this work. Further method optimization is required to achieve this goal.
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Figure 3. Analysis of AAV and Ad5 virus mixture sample. The curves are

replicate AF4-MALS fractograms, overlaid with R values (black and red
dots). :

In Figure 3, the virus mixture is separated into multiple peaks, with the R plotted as black and red dots. The monomers have
measured R values consistent with AAVs, at about 12.5 nm, with the slig%t shoulder (aggregates) still observed as in the AAV-
only sample. A second peak between 33 and 40 min corresponds to the Ad5 virus, whereas a third peak which elutes between
40 and 50 minutes are aggregates of the Ad5 virus. The Ad5 virus and its aggregates have radii in the range of 30-55 nm, most
likely too large to be successfully separated by SEC.

Conclusion

The data presented here demonstrates that AF4-MALS is a powerful tool in the separation of virus particles. It can separate
viruses and aggregates from a few nm up to >100 nm. This means that AF4-MALS can easily separate and size multi-modal virus
samples, including the larger Ad5 virus and its aggregates with high resolution and precision.
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