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Microbial cells are expected to be the next-generation host organism for producing biologics such as antibody because
of their rapid growth and short duration required to construct a production strain. In fact, several companies, including
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Ronza, the world's largest contract manufacturing organization (CMO), have started contract manufacturing of biologics
using microorganisms such as Escherichia coli as hosts as well as Chinese hamster ovary (CHO) cells. Pichia pastoris
(methanol-assimilating yeast), which exhibits high protein secretory production capacity by a strong methanol-inducible
expression system, is a microbial cell with a proven track record as a biologics production host. In fact, several
recombinant proteins such as JETREA® (ocriplasmin: human plasmin analog), KALBITOR® (ecalantid: kallikrein
inhibitor), and MEDWAY ® (human serum albumin preparation) are produced by this yeast, and are already on the market
as biologics. In addition, because the humanized IgG1 monoclonal antibody called VYEPTI® (eptinebumab) produced
in P, pastoris was approved in 2020, it is expected that the number of antibody drugs produced by this yeast will increase
in near future.

However, research on the production of biologics using microorganisms as a host is not yet sufficiently matured
compared to CHO cells. Actually, little development has been made on advanced production technologies for biologics
using microorganisms, although methods for introducing target genes such as small antibodies and simple batch culture
methods are being studied. On the other hand, with the progress of personalized medicine, expectedly it will be necessary
to deal with diseases with a small number of patients individually, and along with this, production technologies suitable
for production of multiproduct in small lots will be also required. In addition, since the US FDA has designated
continuous production as Emerging Technology, the flow of continuous production technology development is
accelerating mainly in Europe and the United States for biologics. For this reason, the continuous production technology
for antibodies that can be mass-produced on a small scale is also attracting attention.

The purpose of this research was to develop a technology to compete with the world in the production research of
biologics and antibody drugs using microorganisms. Using P. pastoris as a host as a fast-growing microorganism suitable
for the secretory production of recombinant proteins, we proceeded with two research developments, "microbial fed-
batch production technology" and "microbial continuous production technology" which are suitable for multiproduct

production and for mass production on a small scale, respectively.

1. Development of microbial fed-batch production technology for biomanufacturing of multiproduct production

This study was to develop an online culture control technology for P. pastoris using a jar fermenter with the aim to
establish a microbial fed-batch production technology suitable for multiproduct production. To accomplish this, we
implemented an online biosensor and a PID controller in a lab-scale jar fermenter. In brief, the system was
configurated to send the value signal of the carbon source concentrations (glycerol and methanol) measured over
time and automatically by the online biosensor to the PID controller. A device was constructed for enabling to
calculate how much substrate should be added to the current amount of culture medium in the jar and to execute the
feedback control of feeding volume during the fed-batch cultivation. Thus, we established the system that can
conduct the automatic feedback controls such as substrate concentration, substrate addition rate, and DO and pH
stats, enabling the fed-batch process for high-density cultivation and high production of small antibody using P

pastoris.

2. Development of microbial fed-batch production technology for biomanufacturing of mass production

In this study, we constructed a continuous culture system for recombinant P. pastoris with a relatively high cell
concentration and dilution rate, which is important for increasing the performance of continuous production. To do
this, a basic culture control system was established to create a steady state using the jar fermenter equipped with the
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functions for aeration stirring and culture medium extraction. In addition, a cell separation method was constructed
in which the specific growth rate and the cell concentration could be set to arbitrary values by adjusting the dilution

rate of culture medium. Thus, we have developed the basic culture system required for microbial continuous

production of biologics using P. pastoris.



