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Abstract: As a plant-derived aromatic compound, isopiperitenol has a high economic value.
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[Objective] To construct the engineering strains of E. coli for the biosynthesis of natural
isopiperitenol. [Methods] We modified the limonene-3-hydroxylase (LIM3H) gene PM2 of
cytochrome P450 family from Menthaxpiperita by truncating the N-terminal hydrophobic
region or adding 17a short peptide or 2Bl short peptide of LIM3H to increase its
hydrophilicity. The activity of LIM3H was detected by CO differential spectroscopy. The
NADPH-cytochrome P450 reductase gene with truncated N-terminal hydrophobic region
(trATR) from Arabidopsis thaliana was fused with the modified LIM3H (Modi-LIM3H) gene
and the fusion gene was expressed in E. coli. The obtained fusion protein was used to catalyze
the production of isopiperitenol from limonene. [Results] LIM3H expression and isopiperitenol
production were detected in all the strains with the LIM3H N-terminus modified in three
different ways. The LIM3H modified by addition of 17a short peptide showed the highest
protein level, and the strain carrying this modified gene had the highest yield (1.94 mg/L) of
isopiperitenol. [Conclusion] In this study, exogenous LIM3H and ATR were introduced into E.
coli and the fusion protein catalyzed the production of isopiperitenol from limonene, which
provided a new method for the production of natural isopiperitenol.

Keywords: limonene-3-hydroxylase; Escherichia coli; N-terminal modification; isopiperitenol
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Table 1 Primer sequences

No. Primer name Sequences (5'—3")

1 Duet-PM2-F TTAAGAAGGAGATATACCATGGAACTGCTGCAGCTG

2 Duet-trPM2-F AGAAGGAGATATACCATGGAAAATCAGTGGCGC

3 Duet-17atrPM2-F GAAGGAGATATACCATGGCTCTGTTATTAGCAGTTTTTATGGAAAATCAGTG
GCG

4 Duet-2B1trPM2-F AAGAAGGAGATATACCATGGCTAAGAAAACGAGCTCTAAAGGGAAGCTCC
CACCAGGACCTAGCATGGAAAATCAGTGGCGC

5 Duet-PM2-R CATTATGCGGCCGCTTAGCTAGACGGAT

6 Duet-trATR-F TAAGAAGGAGATATACATATGGGCAGCGGCAACTCGAAGC

7 Duet-trATR-R CTTTACCAGACTCGAGTTACCACACATCGCGCAGATA

8 Duet-FX-Fus-F(trAt) GGATCTATCTCTTCAGGATCCGGAATGGGCAGCGGCAACT

9 Duet-FX-Fus-R(trAt) CCATGGTATATCTCCTTCTTAAAGTTAAACAAAATTATT

10 Duet-PM2FUS-R

TCCGGATCCTGAAGAGATAGATCCGCTAGACGGATCATACGGGGT

Underscore: Hydrophilic modified peptides; Bold: Linker.
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Flgure 1 LIM3H catalytic reaction process and transformation and expression strategies. A: LIM3H catalytic
reaction. B: LIM3H transformation and expression strategies.
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Figure 2 Protein expression optimization of LIM3H and Modi-LIM3H. A: LIM3H recombinant strain at
different induction temperatures with 0.5 mmol/L IPTG for 16 h. B: LIM3H recombinant strain at different
induction times with 0.5 mmol/L IPTG in 37 °C. C: LIM3H recombinant strain at different IPTG inducing
concentrations in 37 °C for 16 h. D—F: Modi-LIM3H protein expression induced by 0.2 mmol/L IPTG at 16 °C
for 16 h. M: Marker; 1: Uninduced; 2: Whole bacteria; 3: Supernatant; 4: Precipitation. D: BL21-Duet-trPM2. E:
BL21-Duet-17atrPM2. F: BL21-Duet-2B1trPM2.
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Figure 3

Modi-LIM3H CO absorption spectrum and protein concentration of active LIM3H. A: CO

absorption spectrum. B: Protein concentration of active LIM3H. According to the one-way ANOVA test to
analyze the significance between the data of each group. ****: There is a significant difference.
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Figure 5 TIC of isopiperitenol and its yield in each recombinant strain. A: TIC chart of isopiperitenol
reference substance. B: Chromatogram of transformed products by fusion expression strain. C: Yield of
transformation products of recombinant strain. **: T-test shows significant differences, ns: T-test shows no
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Figure 6 Mass spectra of isopiperitenol. A: Mass spectra of isopiperitenol reference substance at =14.4 min.
B: Mass spectra of BL21-Fus-17atrPM2-trATR at r=14.4 min.
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