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Abstract — Cell-free protein synthesis utilizes the translational machinery in a cell extract. Unlike the conventional
cell-based expression methods, not being affected by the conditions for cell growth, cell-free protein synthesis enables
flexible manipulation of individual factors affecting the efficiency protein biosynthesis. However, the high cost and low
stability of the energy sources to regenerate ATP have limited the use of cell-free synthesis for large-scale production of
recombinant proteins. One of the approaches to address this problem is to use glucose as an alternative energy source to
regenerate ATP through the glucose-metabolizing pathways in a cell extract. In this study, in an attempt to improve the
efficiency of ATP regeneration by reinforcing oxidative phosphorylation process, we supplemented with cellular lipids
to a glucose-fueled reaction mixture for cell-free protein synthesis. As a result of the lipid supplementation, the produc-
tivity of chloramphenicol acetyltransferase in a cell-free synthesis system using glucose increased more than 6 fold com-
pared to when the lipid was not supplemented.
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Fig. 1. Effects of oxygen supply on the productivity of cell-free protein synthesis using glucose as an energy source. (A) Amounts of synthe-
sized CAT were determined at the indicated time points during the incubation of a reaction mixture for cell-free protein synthesis pro-
grammed with the plasmid pK7CAT. The time-courses of CAT synthesis with (filled circles) or without (open circles) oxygen supply
were compared. Error bars represent standard deviations of three independent experiments. (B) The reaction samples withdrawn for
the quantification of protein were also analyzed by SDS-PAGE followed by Coomassie blue staining. Arrow indicates the expected

molecular weight of CAT (25.7 kDa).
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Fig. 2. Suppression of cell-free protein synthesis by the addition of a detergent. (A) Varying amounts of Brij-58 were added to the reaction
mixtures for cell-free synthesis of CAT using glucose as an energy source. Final amounts of cell-free synthesized CAT were determined
after 6 h incubation of the reaction mixtures. Error bars represent standard deviations of three independent experiments. (B) The reac-
tion samples withdrawn for the quantification of cell-free synthesized CAT were also analyzed by SDS-PAGE followed by Coomassie
blue staining. Arrow indicates the expected molecular weight of CAT (25.7 kDa). CMC of Brij-58; 0.08 mM.
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Fig. 3. Effects of additional lipids on the productivity of cell-free protein synthesis using glucose for ATP regeneration. (A) Varying amounts
of lipid recovered from E. coli lysate were added to the reaction mixtures for cell-free synthesis of CAT using glucose as an energy
source. Total (filled bars) and soluble (blank bars) amounts of cell-free synthesized CAT were determined after 6 h incubation of the
reaction mixtures. (B) The reaction samples withdrawn to determine the total amounts of cell-free synthesized CAT were also ana-
lyzed by SDS-PAGE followed by Coomassie blue staining. Arrow indicates the expected molecular weight of CAT (25.7 kDa).
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Fig. 4. Effects of additional lipids on the productivity of cell-free protein synthesis using CP for ATP regeneration. (A) Varying amounts of
lipid recovered from E. coli lysate were added to the reaction mixtures for cell-free synthesis of CAT using CP as an energy source.
Total amounts of cell-free synthesized CAT were determined after 6 h incubation of the reaction mixtures. (B) The reaction samples
withdrawn to determine the total amounts of cell-free synthesized CAT were also analyzed by SDS-PAGE followed by Coomassie blue
staining. Arrow indicates the expected molecular weight of CAT (25.7 kDa).
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