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Reductive inactivation of the hemiaminal
pharmacophore for resistance against
tetrahydroisoquinoline antibiotics
Wan-Hong Wen1, Yue Zhang

We determine the crystal structure of NapW·NADPH complex and propose a catalytic
mechanism by molecular dynamics simulation analysis. Additionally, a similar detoxification

strategy is identified in the biosynthesis of saframycin A, another member of tetra-

hydroisoquinoline (THIQ) antibiotics. Remarkably, similar SDRs are widely spread in bacteria

and able to inactive other THIQ members including the clinical anticancer drug, ET-743.

These findings not only fill in the missing intracellular events of temporal-spatial shielding

mode for cryptic self-resistance during THIQs biosynthesis, but also exhibit a sophisticated

damage-control in secondary metabolism and general immunity toward this family of

antibiotics.
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mechanisms are necessary but seem not completely competent to
the task to guarantee the harmlessness during the whole biosyn-
thetic process. Thereby another cryptic self-defense strategy was
evolved by integrating with the pathway to ensure the survival of
host during the biosynthetic process, which includes two key
enzymatic steps via reduction-oxidation occurring at different
timing and location (Fig. 7). In cytoplasm, SDRs (NapW/homW or
SfmO1/homO1a/homO1b) will quench the reactive iminium
intermediate immediately once it is generated by NRPS system via
reduction of the C=N double bond to block the pharmacophore;
which is a damage-control process because the resulted inter-
mediates are totally harmless to the producer for deficiency of
warhead. Subsequently, the matured but still inactivated inter-
mediate 2 will be re-activated by secreted oxidase outside the host
cells. Moreover, this secreted oxidase NapU could further oxida-
tively inactivate NDM into 3 to control the antibiotic concentration
around the host cell (Fig. 1c). Despite this, the high active NDM still
could enter the host cell and cause potential harm to the producer;
these SDRs thereby set up the firewall by reductive inactivation of it
via pharmacophore quenching (Fig. 7). This redox-governed cycle
avoided the self-cytotoxicity and guaranteed no antibiotic con-
sumption. Beyond that, the SDRs also confer the host cells general
immunity toward most of the THIQ antibiotics because all the
members of this family employ the common hemiaminal phar-
macophore for DNA alkylation (Fig. 7). During this manuscript
preparation, a fungal redox-mediated self-resistance cycle in mac-
rolide A26771B biosynthesis was elucidated via reversible conver-
sion of a ketone and alcohol33
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were resuspended in 10mL of STE buffer (15% (w/v) sucrose, 25 mM EDTA,
25mM Tris-HCl pH 8.0) twice, then a lysozyme solution was added to 5 mg/mL.
After lysis at 30 °C for 15 min, 0.1 mL of STE buffer containing 10mg/mL Protein K
and 1mL of a 10% (w/v) SDS solution were added and then mixed slowly by
inversion and incubated for 15min at 70 °C. 2.5 mL 5M KAc was added and cooled
down on ice for 15min. A mixed solution of 5 mL saturated phenol (pH 7.9 ± 0.2)
and 5mL 24:1 (v/v) chloroform/isopropanol was added and mixed thoroughly by
inversion to precipitate proteins. Two phases of the solution were separated by
centrifuging for 15min at 12,000 × g. The upper aqueous phase was transferred to a
new tube and one equivalent 24:1 (v/v) chloroform/isopropanol was added and
mixed for removing phenol. The upper aqueous phase was transferred to a new tube
and two equivalent ethanol was added to precipitate DNA. The liquid was removed
and 70% (v/v) of ethanol was added to wash the DNA before dissolving the resulting
pellet in TE buffer (pH 8.0). Sequencing was performed at the Beijing Genomics
Institute (Shenzhen, China). Gene analysis and functional annotation were per-
formed by BioEdit, combined with 2ndFind and BlastP.

Construction of inactivation mutants of S. lusitanus NRRL 8034. The genes
napW, homW, and dual genes were inactivated by in-frame deletion. To inactivate
napW, a 2.1 kb EcoRI/XbaI fragment (amplified with primers: napW-L-for/rev,
Supplementary Table 2) and a 3.92 kb XbaI/HindIII fragment (amplified with
primers: napW-R-for/rev, Supplementary Table 2) were successively cloned from
genome DNA of S. lusitanus NRRL 8034 and cloned into the EcoRI and HindIII
sites of pKC1139, giving the recombinant plasmid pTG3032 in which 936 bp in-
frame coding region of napW was deleted. The plasmid was then introduced into S.
lusitanus NRRL 8034 by intergeneric conjugation from E. coli S17-1. The colonies
that were apramycin-resistant at 37 °C were identified as the integrating mutants,
in which a single-crossover homologous recombination event took place. These
mutants were cultured for five rounds in the absence of apramycin. The resulting
isolates that were apramycin-sensitive were subjected to PCR amplification to
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