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released from its outer membrane may induce endotoxin-related adverse reactions, such as inflammatory responses,
fever, and even endotoxin shock, thereby limiting its application in the production of biopharmaceutical recombinant
proteins, including vaccine antigens. This study aimed to construct a low-endotoxin E. coli expression system and
evaluate its application potential in the recombinant expression of candidate antigens against porcine pleuropneumonia.
Using E. coli BL21(DE3) as the parental strain, CRISPR/Cas9-mediated genome editing was employed to modify
pathways related to core oligosaccharide biosynthesis, O-antigen assembly, lipid A modification, and surface
polysaccharide synthesis, resulting in a series of low-endotoxin candidate strains. These pathway modifications caused
defects in lipopolysaccharide structural assembly, a significant decrease in heptose content in extracellular
polysaccharides, disappearance of lipopolysaccharide bands, and increased cell surface roughness. Among the
candidate strains, the endotoxin levels in the lysate supernatants of ETF13 and ETF15 decreased by 35% and 73%,
respectively. Considering both endotoxin levels and strain growth status, ETF13 showed a favorable balance between
low-endotoxin characteristics and chassis applicability and was therefore selected as the host for subsequent
recombinant protein expression. Using four subunit vaccine candidate antigens against of Actinobacillus
pleuropneumoniae, namely ApxI, ApxIl, ApxIll, and OMP, as model proteins, ETF13 exhibited recombinant protein
expression levels comparable to those of the parental strain. In addition, the residual endotoxin levels in the four
purified proteins were reduced by more than 50%. Taken together, these results demonstrate that this engineered low-
endotoxin E. coli expression system provides a promising alternative chassis for the large-scale production of medical

recombinant proteins.
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Table 1 Strains used in this study
Name Description Source
E. coli BL21 F ompT hsdS(rB° mB") gal dem (DE3) EUROSCARF
(DE3)

ETFO1 Derived from E. coli BL21(DE3) by deleting the gene cluster containing r/bB, rfbD, rfbA this study
ETF02 Derived from ETFO01 by deleting the gene cluster containing waaAd, waaQ, waaG, waaP, waaO, waaY, waaW, waaV, this study
waalL, waaC, waaF, rfaD
ETF06 Derived from ETF02 by deleting the pagP gene this study
ETF07 Derived from ETF06 by deleting the kdsD gene this study
ETF10 Derived from ETF07 by deleting the ept4 gene this study
ETF11 Derived from ETF10 by deleting the /pxP gene this study
ETF12 Derived from ETF11 by deleting the /pxM gene this study
ETF13 Derived from ETF12 by deleting the gene cluster containing kpsS, kpsC, kpsU, kpsD, kpsE, kpsF this study
ETF14 Derived from ETF13 by deleting the wzz gene this study
ETF15 Derived from ETF14 by deleting the wec4 gene this study

R2 KRBT K TR
Table 2 Plasmids used in this study
Name Description Source
pET-28a-ApxI Expression vector, ColE1 ori, T7 promoter, T7 terminator, Kan" this study
pET-28a-ApxII Expression vector, ColE1 ori, T7 promoter, T7 terminator, Kan" this study
pET-28a-ApxIII Expression vector, ColE1 ori, T7 promoter, T7 terminator, Kan" this study
pET-28a-OMP Expression vector, ColE1 ori, T7 promoter, T7 terminator, Kan" this study
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Fig. 1 Construction of the low-endotoxin engineered strains

(a) Genes deleted in the low-endotoxin engineered strains; (b) validation of the low-endotoxin candidate strains by colony PCR and Sanger

sequencing. M, DNA marker; fragment sizes are indicated in bp.
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