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Enhancement of Paraoxon Biodegradation Rate from Recombinant
Escherichia coli Catalyst for Bioremediation
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Department of Biological and Environmental Engineering, Semyung University, Department of Chemical Engineering, Pohang University of Science and Technology*
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ABSTRACT

In this study, the biodegradation rate of paraoxon, that is an organophosphate pesticide, was
enhanced by recombinant Escherichia coli harboring organophosphorus hydrolase (OPH). The
optimum conditions were 8.5 of initial pH and 5.0% of acetone for the enhancement of specific
whole cell OPH activity. When the OPH was produced to 498 Unit/L, 98% of 275mg/L paraoxon
was degraded within 10 minutes, and thus the biodegradation rate was enhanced to 29.2 mg/g -
min. The results implied that practical bioremediation technology developed in this study was an
effective method to degrade residual organophosphate pesticide in ground water or soils in a

short time.
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[Fig. 1] Structure of recombinant plasmid.

Abbreviations: Pr7, T7 promoter; Tat, signal

sequence; OPH, organophosphorus hydrolase; (His)s, hexahistidine affinity tag.
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[Fig. 2] Effect of initial pH on cell
growth  (A) and  specific  whole
cell OPH activity (B).

Experimental conditions: Cells were grown
in the media at 35C. 0.2mM IPTG, 0.25mM
CoClz » 6H20, and 0.2mM EDTA were added
in the M9 media after 3 hour cultivation.
Symbols: @, initial pH 3.5; W, initial pH 4.5;
A initial pH 5.5; ¥, initial pH 6.5; @, initial
pH 7.5; O, initial pH 8.5; [, initial pH 9.5;
A, initial pH 10.5; V7, initial pH 11.5.
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[Fig. 3] Effect of organic solvent on cell

growth  (A) and
cell OPH activity (B).

Experimental conditions: Cells were grown
in the M9 media at 35C. 0.2mM IPTG, 0.25
mM CoCl, « 6H20, and 0.2mM EDTA were
added in the media after 3 hour cultivation.
Symbols: @, control; B, 2.5 % methanol;
A, 2.5 % ethanol; ¥, 2.5 % acetone.
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[Fig. 4] Effect of actetone concentration
on cell growth (A) and specific

whole cell OPH activity (B).

Experimental conditions: Cells were grown
in the M9 media at 35C. 0.2 mM IPTG, 0.25

mM CoCl, - 6H.O, 0.2 mM EDTA, and were
added in the media after 3 hour cultivation.
Symbols: @, 0.5 % acetone; W, 1.0 %
acetone; A, 2.5 % acetone; ¥, 5.0 %

acetone; O, 7.5 % acetone.
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[Table1] Biodegradation of Paraoxon using the OPH-Expressing Whole Cells
OPH biodegradation efficiency biodegradation rate produgtmn rate of cell concentration
(unit/L) of paraoxon (%) of paraoxon p-nitrophenol (g/L)
(mg/g + min) (mg/g + min)
109 40 13.0 8.4 0.84
255 52 14.8 11.9 0.97
498 98 29.2 22.3 0.93

275 mg/L paraoxon was used for substrate.

Cells were grown in the M9 media at 35C. 0.2 mM IPTG, 0.25 mM CoCl; -

6H20, 0.2 mM EDTA,

and 5 % acetone were added in the media after 3 hour cultivation.
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