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Bio-nanoparticles (BNPs) such as adeno-associated viruses (AAVs) are promising vectors for gene and
cell therapy delivery systems. Although chromatography is suited for purifying AAV particles, it is not
easy to design the efficient chromatography process due to the large size of AAVs. Monolith
chromatography is best suited for AAV separations as the pore diffusion mass transfer does not exist.
Because of this advantage, linear gradient elution (LGE) of very shallow gradient slopes such as 100
column gradient volumes is possible at high flow-rates in order to achieve fine separations. However,
when we look at this separation as an industrial process, it is not feasible as the buffer consumption
is so large.
In this study methods for designing efficient ion-exchange chromatography (IEC) of bio-nanoparticles
with monolithic supports were developed. Optimization of LGE were carried out by using numerical
simulations in order to reduce buffer consumption and separation time while the same resolution is
maintained. Another method is stepwise-elution (SE), which is preferred for the process
chromatography as the operation is simple and the buffer consumption can be reduced when the
process is optimized. The critical process parameter in SE is the salt concentration of the elution
buffer, IE. We have already proposed a method for determining IE with the data obtained by LGE
experiments. The most important difference between SE and LGE is the process stability. As the
number of binding sites is large (>10), the distribution coefficient K depends on the salt concentration
I very strongly. It is not easy to choose the proper IE for this type of K. We have carried out numerical
simulations in order to develop a method for determining IE for large B values. In this presentation
we will show how LGE and SE of BNPs can be properly designed based on LGE data.
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