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Development and optimization of perfusion process for
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Abstract: In recent years, the demand of biologics has increased rapidly. Cell culture process with perfusion mode has become
more and more popular due to its high productivity, good quality and high efficiency. In this paper, the unique operation and
the details of process optimization for perfusion culture mode are discussed by comparing with traditional batch culture
process. Meanwhile, the progress and strategies in the development and optimization of perfusion culture process in recent
years are summarized to provide reference for the future development of mammalian cell perfusion culture technology.
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Fig. 1 Schematic diagram of mammalian cell culture process commonly used at present. (A) Batch. (B) Fed-Batch. (C)

Perfusion.
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Table 1 Characteristics of mammalian cell culture process

[5-10]

Culture modes Diagrams Characteristics

Advantages Disadvantages

Batch A No feeding, harvest only at

the end of culture

Fed-Batch B
only at the end of culture
Constant working volume,
continuous feeding,
continuous harvest

Perfusion C

Simple operation, little
contamination risk

Lower peak viable cell density,
short culture duration, low
productivity

Multiple feeding, harvest Simple operation, long culture Low peak viable cell density, low
duration, high productivity
Long culture duration, low cost, Complicated operation, requiring
high productivity with high
quality

productivity

specific equipment
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1 @ WERER (Cell specific perfusion
rate, CSPR)

CSPR 48 FLA57 4 Jfi B A7 HSF [5] PAY 98 0 21 79 3 fi
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CSPR=PR/VCDx1 000 (1)

X, CSPR: i LA (pL/(cell-d));
PR: perfusion rate, # it #% (vvd, L/(L-d)); VCD:
viable cell density, G4 (10° cells/mL).
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Table 2 Comparison of commonly used cell retention devices?®?%

Device names Principles

Strengths

Weaknesses

Gravity settlers Density difference

between cells and media

The simplest device, less
damage to cells, no

Time consuming, not applicable in high
cell density cultivation (>40x10° cells/mL)

product retention

Centrifuges Increasing settling
velocities of cells by
centrifugal force

Cell aggregation by
acoustic frequency
Large size cells retained

by filter

Acoustic settlers

Hollow fiber filters

High cell settling
efficiency

Low shear force
No cell loss even at high

VCD (>100x10° cells/mL),
easy to scale-up

High shear force, requiring aseptic batch
centrifugation, complex operation

Cell loss, not applicable in high cell
density cultivation (>40x10° cells/mL)
Moderate shear force, fouling and
clogging of the filter membrane leading
to product retention

% : 010-64807509

. cjb@im.ac.cn



1046 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

Outflow
(Permeate)

Outtlow
(Culture broth)

2 EEERAEEDEEREE

Hollow fiber membrane

Fig. 2 Diagram of filter membrane fouling. (A) Complete pore blockage. (B) Partial pore blockage. (C) Pore

constriction. (D) Cake formation.
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