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Abstract: With the advancement of synthetic biology, recombinant proteins are poised to play a
significant role in medical applications. The scaled manufacturing is a pillar for the extensive
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application and development of recombinant proteins across various fields. In the large-scale
production process of recombinant proteins, the removal and detection of endotoxins are essential to
reduce their levels to safe thresholds in the final products. Currently, establishing stringent
endotoxin limits for different recombinant protein products is a crucial aspect of safety assessment.
This review begins by shedding light on the pathogenicity of endotoxins and discusses the methods
for the removal and determination of endotoxins during the production processes of recombinant
proteins. Subsequently, this review summarizes the endotoxin limits in industries such as biologics,
medical devices, and human recombinant DNA products, particularly those in recombinant protein
injection products. It is highlighted that regardless of whether the hosts for recombinant protein
expression are bacteria or not, endotoxin testing is required for the final products of injectable
recombinant proteins, and compliance with relevant industry standards is necessary. This review
aims to provide a reference for the research on endotoxins in the large-scale production process of
recombinant proteins.
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Table 1 Comparison of principles, advantages and disadvantages of endotoxin removal methods for
recombinant protein industrialization
Methods Principles Advantages Disadvantages

Anion exchange Negatively charged endotoxins are

chromatography removed by binding to anion
exchange media

Affinity Use of specific ligands solidified on

chromatography a substrate to make an affinity
medium that specifically binds
endotoxin

Ultrafiltration Removal of macromolecular

endotoxins by membrane surface
mechanical sieving, membrane pore
blocking and membrane surface and
pore adsorption
Triton X-114
liquid phase

Binding of detergent to the lipid
fraction of endotoxin and removal of

separation endotoxin by liquid-phase separation

Lower cost, higher
capacity

Higher efficiency and

Simple operation, large
processing capacity, fast

Easy to operate, low cost

It is required that there are no other
negatively charged components in
the solution. Tight binding of
endotoxin to proteins can result in
lower protein recovery or less
efficient endotoxin removal.
Higher cost

selectivity

Low yield, not suitable for large
molecules

separation speed, low

energy consumption

Residue of detergent in the product
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Table 2 Source and endotoxin limit calculation of different recombinant protein injection products

Name Source

Maximum dose

Calculated value Prescribed limits

Arginine recombinant human insulin
injection

Recombinant human growth hormone Escherichia coli
for injection

Recombinant human interferon olb
injection

Recombinant human granulocyte Escherichia coli
macrophage stimulating factor for

injection

Escherichia coli/Yeast

Escherichia coli/Yeast

300.000 IU 1.000 EU/TU 0.800 EU/TU
2.400 mg 2.080 EU/mg 0.500 EU/mg
50.000 pg 6.000 EU/pg 0.333 EU/pg
600.000 pg 50.000 EU/pe 10.000 EU/pc

The maximum dose in the table is calculated by taking the average weight of China people as 60 kg.
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