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The antibody manufacturing process consists of a cell culture process in which antibody is produced and a purification|
process in which the produced antibody is purified from impurities to obtain high-quality pharmaceuticals. Furthermore,
the cell culture process includes multiple seed culture steps to increase the number of cells and a production culture step|
to produce antibody. The purification process includes cell removal/clarification, multiple chromatography, virus
inactivation, virus inactivation, concentration/buffer exchange, and filtration steps. Monitoring of various parameters during
the processes is crucial for stable manufacturing, and it is performed by off-line, at-line, on-line, and in-line methods.
Off-line and at-line are methods for carrying and analyzing samples taken from the manufacturing process. When the
analytical equipment is remote from the manufacturing process, the method is called off-line, and it is called at-line when
lequipment is close to the manufacturing process. On-line is a method that takes samples and implements analysis|
automatically near the manufacturing process and in-line is a method that incorporates an analytical sensor into the
manufacturing process and implements analysis automatically. In the antibody manufacturing process as described above
the concentration of the antibody is a very important parameter. The standard method for monitoring antibody|
concentration is ultraviolet absorption at 280 nm (A280 method), but a spectrophotometer using a typical 1 cm path length
cell can only measure low antibody concentration of up to 3 g/L. In recent years, antibody concentrations in the culture
process have increased with advances of cell culture processes and cell engineering technology, and the antibody
iconcentration of 10 g/L or higher needs to be monitored in the purification process. Therefore, it is not easy to monitor,
antibody concentration in-line during the manufacturing process. In addition, the A280 method has the disadvantage ofi
being interfered by impurities that absorb ultraviolet rays. For example, the antibody concentration in the culture fluid is
affected not only by proteins and DNA derived from host cells but also by medium components that absorb ultraviolet rays.
IAs a concentration measurement method that overcomes these disadvantages, we recently focus on a method for|
measuring using optical rotation. Optical rotation is a phenomenon in which light rotates in a specific direction when
passing through optically active substances. Optical rotation is utilized to measure the concentration of amino acids and
sugars, but it is not used as a standard method for protein concentration measurement.

In Chapter 1, the background, objectives and the structure of this paper are explained.

In Chapter 2, the characteristics of common methods for measuring protein concentration is summarized.

In Chapter 3, we evaluated the applicability of optical rotation method to antibody concentration measurement. As a result,
the optical rotation showed good linearity with respect to antibody concentration up to a high antibody concentration of 80
g/L. In addition, the lower limit of quantification was calculated to be 0.30 g/L, indicating that optical rotation method is|
applicable to a wide range of antibody concentration measurement. We also conducted addition/recovery test using
\various chromatography step samples and compared recovery rates between optical rotation and A280 methods. As 3

result, both recovery rates were close to 100% and there was no significant difference between the two methods. While
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IA280 method requires appropriate dilution, but optical rotation can measure a wide range concentration directly. Therefore]

the optical rotation method should be considered as a promising method for measuring highly concentrated samples in
the antibody purification process. Finally, optical rotation method was applied to the cell culture process. Samples taken
from the cell culture bioreactor were analyzed by HPLC, optical rotation and A280 methods. The A280 trend was much
higher than HPLC due to impurities having ultraviolet absorbance, but the optical rotation shows similar trend with
lantibody concentration measured by HPLC.

In Chapter 4, we modified the standard polarimeter cell into a flow cell and demonstrated the in-line monitoring with optical
rotation in the concentration step. In this study, we first confirmed response curves of the in-line flow cell experimentally by
monitoring several concentration samples (5, 10, 15, 20 g/L). Then we analyzed the response curve by applying the in-line
flow cell to a model in which a plug flow line and a continuous stirred tank were connected in series. As a result, the
numerical calculation result agreed well with the experimental result. The slope of calibration curve from the flow cell was
similar with the batch analysis conducted in Chapter 3. In addition, we verified the model applicability by using different]
inputs such as a linear increase, a Gaussian distribution curve and an exponential curve. Furthermore, we conduct 3
protein concentration experiment and tested in-line concentration monitoring with optical rotation. As a result, the optical
rotation trend monitored continuously by the established flow cell matched well with the antibody concentration when
concentrating the antibody solution from about 10 g/L to 70/L. Finally, the results and discussions in this study are

summarized as a conclusion.
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