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Generation of the cell factories for bio-based organic acid production through
improvement of filamentous fungi by modification of transport system

Kirimura, Kohtaro
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For generation of the cell factories for bio-based organic acid production,
functional analyses of genes encoding putative mitochondrial citrate transport proteins in citric
acid-producing Aspergillus niger were performed. Screening of microorganisms capable of assimilating
citric acid as a sole carbon source was also performed, and a novel aconitate isomerase was obtained.
trans-Aconitic acid was produced successfully from citric acid by utilization of recombinant E. coli
cells heterologously expressing the novel aconitate isomerase gene as biocatalysts for the whole-cell
reaction. There is some possibility that heterologous expression of genes encoding novel and specific
enzymes related to citrate metabolism in citric acid-producing A. niger as a host and improvement of

citrate transport system by genetic engineering will open the way for generation of the cell factories
for bio-based organic acid production.
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Fig. 1. Proposed metabolic pathway in relation to citric acid
production in A. niger. COCA, citrate-oxoglutarate carrier;
CS, citrate synthase; CTPA, citrate transport protein
(malate-citrate shuttle); TCA cycle, tricarboxylic acid cycle;
TR, transport protein. Mitochondrial membrane is indicated
by the dotted lines. Transport of malic acid and citric acid by
CTPA and that of citric acid and 2-oxoglutaric acid by COCA
are putative pathways.
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Fig. 2. Growth test on A. niger WU-2223L and DCTPA-1
Czapek-Dox agar plates (minimal medium) containing
glucose as a carbon source for 3 days at 30°C.
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Fig. 3. Citric acid production by A. niger WU-2223L

(hollow) and DCTPA-1 (solid). The conidia of both strains
were inoculated in a citric acid production medium to a final
concentration of 5.0 x 10° conidia/mL, and were cultivated
for 30 days at 30°C, 120 rpm.
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Fig. 4. Citric acid production (triangle) and glucose
consumption (circle) by A. niger WU-2223L (solid), DKL-2P
(hollow) and DCOCA-1 (shaded), and dry mycelial weight of
each strain (square). The conidia of each strain were
inoculated in a citric acid production medium to a final
concentration of 5.0 x 10° conidia/mL, and were cultivated
for 30 days at 30°C, 120 rpm.
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Fig. 5. Biocatalytic synthesis of trans-aconitic acid from
citric acid by whole-cell reaction. The synthesis reaction was
catalyzed by aconitate isomerase (Al, EC 5.3.3.7) derived
from Pseudomonas sp. WU-0701 and aconitate hydratase
(AH; EC 4.2.1.3) of E. coli W3110.
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Fig. 6. Time courses of trans-aconitic acid production from
citric acid by whole-cell reactions of (A) E. coli Rosetta
2(DE3)/pEmAI and (B) E. coli Rosetta 2(DE3)/pEmAI plus

pRACNB. Symbols: circle, trans-aconitic acid; square,

citric acid.
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