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Overview

rAAV viral vector (VV) used for in vivo gene therapy are often produced using a triple
transfection of HEK 293 cells. Although the triple transfection method is fairly well
established, challenges remain in achieving high VV titer and high ratio of filled vs. empty l
capsids. The goal of the project presented here is to build mechanistic understanding and

knowledge of amino acid consumption to effectively guide the development of advanced .—'_’_—'—H——'——»
manufacturing processes. The resulting model-driven approach is used to design, test, and 0
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predict capsid assembly to drive high production of filled capsid - scaling up and

transferring to a continuous process at bioreactor scale. I
Media optimization can be a lengthy and complex process involving multiple DoEs.
Analytical tools at the point-of-need are required to assess key-nutrient consumption and
provide feedback to enable feed strategy optimization. Presented here are spent media
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High-throughput amino acid (AA) screening showed that Asn and other amino acids,
including several essential amino acids, were depleted during AAV production in a fed-
batch process. Asn and Asp are known to exhibit high flux for AA consumption during AAV
production (Ref 2., 3.). Results show a decrease in Asn concentration as GIn is consumed by
the cells and an increase as GlIn is fed into the cell culture (starting at 48h). Proliferation and
orotein synthesis in the absence of glutamine requires asparagine (Ref. 4.)

REBEL data is used to design a feed strategy, and support the development of continuous
orocess, and provide the model input on the key nutrients for the cell growth and
oroduction of filled capsids.
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Model vs. data for the dynamics of viral production AA label

Data (MIT experiment) for parameter estimation and fit to model developed (Ref. 1):
Quantity of capsids over time; Quantity of viral genome copies over time; Quantity of
replicated AAV DNA and capsids over time.
Majority of empty capsids in harvest can be explained by discoordination of capsid
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* High throughput screening of small molecules and amino acids using REBEL can help
identify potential candidates that influence AAV production -

* Screening experiments revealed Ala, Asn, His, Tyr, and Trp positively correlate with
capsid production.

 Asn is a non-essential AA and constitute about 10% of AAV capsid protein. It is

indispensable for AAV production.

Earlier studies (Ref 2., 3.) report that Asn is known to affect Vaccinia virus production.
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The team at MIT developed a

mechanistic model (Ref 1.) for

viral production.

The model is adapted from wild-

type AAV synthesis and includes
Rep protein and viral protein

Conclusions and Future work
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The REBEL device enables data-driven bioprocess development for rAAV manufacturing
iIn HEK293 cells by accurately and precisely quantitating amino acids, and some biogenic
amines. Analysis of cell culture media from shake flask experiments with the REBEL

. EQVeP) syrloni’:c;ens:se ulator shows that Asn and other amino acids, including several essential amino acids, deplete
funpcgons 8 y during AAV production in a fed-batch process. Preliminary data from a perfusion

benchtop bioreactor scale show that Ala, Asn, His, Tyr, and Trp positively correlate with
capsid production. More experiments are required to confirm how different amino acid
directly influence in AAV production.
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