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Elucidation of the biosynthetic mechanisms of chitosan-like bioflocculant and
its high production by metabolic engineering
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To elucidate the biosynthetic mechanisms of chitosan-like bioflocculant
produced by Citrobacter strains and to improve the production, gene addition/disruption studies were
performed on genes involved in amino sugar biosynthesis, glucose metabolisms, and polymerization
and secretion of the bioflocculant (bfpABCD) in C. freundit IFO 13545. By these trials, the gene
modified strains increased the activities, which achieved to 7-times higher activity than that of
the wild type strain. To understand the functions of bfpABCD, BfpB, a putative deacetylase, was
over-expressed in E. coli and purified. However, the protein showed no deacetylating activity
against the bioflocculant. For the recovery of the bioflocculant from the culture supernatants,
membrane concentration was also conducted using hollow fiber membrane modules.
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Fig. 1 Biosynthetic pathway of chitosan-like
bioflocculant in Citrobacter strains
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BfpA: 44.5% identity of outer membrane
protein (PgaA) of E. coli MG1655

BfpB: 52.3% identity of polysaccharide N-
deacetylase (PgaB) of E. coli MG1655
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Fig. 2 bfp operon on the IFO13545 genome
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Fig. 3 Putative functions of bfpABCD gene products
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Fig. 4 Recombinant plasmids including
gimUSM and glmUS*M and flocculation
activities of C. freundii IFO13545 (wild type:
WT), and its glmS disruptants (AglmsS')
harboring these plasmids
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Fig. 5 Flocculation activities of C. freundii
IFO13545 (Wild type: WT) and its gene
disrupted mutants grown in glucose medium.

(2) A FEREF OVES MR & B3 W OB
DFEH



200
In acetate medium
| 24h
150 | W 48 h

100

Flocculation titer

50

N
v VY'V V,V

Fig. 6 Flocculation activities of C. freundii
IFO13545 (wild type: WT) and its gene
disrupted mutants grown in acetate medium
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Fig. 7 SDS-PAGE analysis of the cell extract
(Lane 1) and whole cells (Lane 2) of recombinant
E.coli harboring pET26b+bfpB, and purified
protein (His-tag BfpB) by affinity
chromatography. A molecular marker is shown in
Lane M.
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Fig. 8 Flocculation activities of C.
freundii IFO13545 (wild type: WT)
and its gene disrupted mutants
harboring bfpABCD (in pHSG298)
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microfibers appeared in the concentrated
sample of the bioflocculant
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