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Preparation and Bacterial Biofilm Eradication Properties of
Enzyme-responsive Nano-antibiotics
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(1. School of Chemistry and Chemical Engineering s Huazhong University of Science and
Technology s Wuhan 430074, China ;
2. Taizhou Research Institute s, Southern University of Science and Technology, Taizhou 318000, China)

Abstract: To improve the poor activity of hydrophobic antibiotics in eradicating bacterial biofilms, a nano-antibi-
otic was constructed via the inclusion complexation between an azobenzene-conjugated norfloxacin prodrug and
oligo-a-cyclodextrin. The enzyme-responsive degradation and biofilm eradication properties were characterized by
nuclear magnetic resonance (NMR), dynamic light scattering (DLS), ultraviolet-visible spectrometer (UV-Vis
spectrometer) , and scanning electron microscope (SEM). The nano-antibiotics showed excellent broad-spec-
trum antibacterial activity against the planktonic Gram-negative bacteria Escherichia coli and Gram-positive bac-
teria Staphylococcus aureus , as well as effective deep penetration in bacterial biofilms due to the good water sol-
ubility. In the presence of overexpressed azoreductase in bacterial microenvironment, the azobenzene motif could
be responsively degraded, leading the high efficiency in biofilm eradication of norfloxacin, which significantly re-
duced antibiotic dose. The enzyme responsive nanomedicine reported in this report provided a promising insight
to combat the bacterial infection-related diseases.
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Figure 1 Schematic representation for the preparation of (a) azo-Nor and (b) azo-Nor/CD NPs; (c¢) Schematic rep-

resentation for the biofilm eradication of azo-Nor/CD NPs
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Figure 2 'H-NMR spectra of (A) azo-CDI, (B) azo-Nor, and (C) product from the reduction of azo-Nor in
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(a) UV-Vis spectra of azo-Nor/CD NPs and treated with Na,S, O, ; (b) DLS results of oligo-a-CD,

azo-Nor/CD NPs, and azo-Nor/CD NPs treated with Na, S, O,
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Table 1 Biological activities of Nor, azo-Nor, and azo-Nor/CD NPs
MIC * (pg/mL) HC,,* Selectivity © 1C,, " TI®
Sample
EC® SA ¢ (pg/mL) EC SA (pg/mL) EC SA
Nor 0. 25 1 >1024 =>4096 =>1024 >1024 =>4096 >1024
azo-Nor 16 16 >1024 =>64 =>64 >1024 =>64 =>64
azo-Nor/CD NPs gh 4 >1024 >128 =>256 >1024 >128 =>256

& MIC ; Fe/NB e B2, 60 90 9% LA - 40 8 A= 4 i B AR 25 40 vk B2 5 ° EC KBTI . E. coil L ATCC 25922;° SA: & WM AR H BRI . S. aureus
ATCC 65385 “ HC, « ¥ LTS B0 18T 10 %6 2141 24 % B0 75 9 25 0 W % +© Selectivity B8 1E , l a HC,, /MIC H5E RS 3T 1C,, - 40 1 4 v
B LM 50 % 3T3 20 M AE K A9 25 W vk BE s S T AT 5 50, il 3 1C,, /MIC 8 715 ;" #¢ i azo-Nor/CD NPs 1 azo-Nor i 2 (1) i & i 8,

Control Nor
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E. coli
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Figure 5 SEM images of E. coli and S. aureus after incubation with Nor. azo-Nor and azo-Nor/CD NPs

(The antibiotic concentration was fixed at 4 and 8 pg/mL for S. aureus and E. coli, respectively. )
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Figure 6 Photographs and histograms showing the biomass reduction of (a) E. coli and (b) S. aureus biofilms

after the treatment with Nor and azo-Nor/CD NPs at various concentrations
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Figure 7 Photographs and histograms showing the viability of (a) E. coli and (b) S. aureus biofilms after the

treatment with Nor and azo-Nor/CD NPs at various concentrations
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Figure 8 SEM images of E. coli and S. aureus biofilms after incubation with Nor and azo-Nor/CD NPs (The antibi-

otic concentration was fixed at 32 and 16 pg/mL for E. coli and S. aureus biofilms, respectively. )
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