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Fig. 1 The scanning electron microscope ( SEM ) images

of Fe,0, nanozyme ( a ) with ball-like nanostructure and
Cys—nFeS nanozyme ( b ) with sheet-like hexagonal

nanostructure
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Fig. 2 Biofilms were stained by crystal violet and measured at 550 nm

S. typhimurium S025 biofilms were formed on pre-sterilized 96 well plate, treated with Cys-nFeS nanozyme,

Fe,0, nanozyme or Cys for 0.5 h

(a), 2h (b) and 12h (c), and stained by crystal violet. (d) S.cyphimurium S025 was cocultured with Cys-nFeS nanozyme, Fe;O, nanozyme
or Cys for 48 h, and stained by crystal violet. The data shown are the means = SD (n=6) . *P<0.05; **P<0.01.
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Fig. 3 Confocal 3D images, SEM images and dry weight of biofilm
(a) Confocal 3D image of S. typhimurium S025 biofilms treated by Cys-nFeS nanozyme for 12 h or cocultured for 48 h. (b) SEM image of
S.typhimurium S025 biofilms treated by Cys-nFeS nanozyme for 12 h or cocultured for 48 h. The red arrows indicate EPS, the white arrows indicate
Cys-nFeS nanozyme. (c—e) S.typhimurium S025 biofilms were formed on pre-sterilized cell plate, treated with Cys-nFeS nanozyme, Fe,0,
nanozyme or Cys for 0.5h (c¢), 2h (d) and 12h (e), and then biofilm biomass were measured. (f) S.zyphimurium S025 was cocultured with
Cys-nFeS nanozyme, Fe,O, nanozyme or Cys for 48 h, and then biofilm biomass were measured. The data shown are the means + SD  (n=6) .

*P<0.05; **P<0.01.
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Fig. 4 The colony—forming units of Salmonella cells in biofilm
S.typhimurium S025 biofilms were formed on pre-sterilized cell plate, treated with Cys-nFeS nanozyme, Fe,0, nanozyme or Cys for 0.5h (¢),
2h (d) and 12 h (a, e), and then the biofilms were collected for counting of the colony-forming units of Salmonella cells cultured on agar
plates after dilution to the proper concentration. S.typhimurium S025 was cocultured with Cys-nFeS nanozyme, Fe,O, nanozyme or Cys for 48 h,
and then the biofilms were collected for counting of the colony-forming units of Salmonella cells cultured on agar plates after dilution to the proper

concentration (b, f).The data shown are the means + SD (n=6) . *P<0.05; **P<0.01.
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Fig.5 The level of the internal ROS
(a—c) S.typhimurium S025 biofilms were formed on pre-sterilized 96 well plate, treated with Cys-nFeS nanozyme, Fe;0, nanozyme or Cys for
0.5h (a), 2h (b) and 12 h (c), and the intracellular ROS level of S.typhimurium S025 was detected by using a 2', 7'-dichlorofluorescin
diacetate (DCFH-DA) fluorescent probe. (d) S.typhimurium S025 was cocultured with Cys-nFeS nanozyme, Fe,O, nanozyme or Cys for 48 h,
and the intracellular ROS level of S.typhimurium S025 was detected. The data shown are the means = SD (n=6) . *P<0.05; **P<0.01.
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Effects of Iron—based Nanozymes on S. typhimurium Biofilm"

YIN Yin-Yan", WU Meng-Xing", QIN Tao”, HE Kai-Ming", XU Nuo",

SHI Yi", LIU Qi", PENG Da-Xin”, GAO Li-Zeng""
("Medical College of Yangzhou University, Yangzhou 225009, China;
ICollege of Veterinary Medicine, Yangzhou University, Jiangsu Co—Innovation Center for The Prevention and Control of Important Animal Infectious

Disease and Zoonosis, Yangzhou 225009, China)

Abstract To evaluate the effect of iron-based nanozymes on the biofilm of S. fyphimurium, the biofilms were
detected by crystal violet staining method, biofilm integrity, biofilm biomass, bacterial activity, and the
intracellular ROS levels of S.typhimurium S025. Our results showed that, after treatment with iron oxide (Fe,O,)
nanozyme and iron sulfide (nFeS) nanozyme during biofilm formation for 48 h, the A, value, biofilm height,
biofilm biomass, and bacteria viability were significantly decreased compared to the untreated group, but the
intracellular ROS levels remarkably increased. Moreover, to determine whether there is a similar inhibitory effect
on pre-formed biofilms, Fe,O, nanozyme and nFeS nanozyme were incubated from the apical side of the biofilms
for different time. As expected, both nanozymes appreciably destroyed the biofilms that had formed. Importantly,
nFeS nanozyme showed better efficacy than Fe,O, nanozyme in above biofilm treatment. Taken together, these
findings clearly demonstrated that iron-based nanozymes, as a suitable agent, regulated intracellular ROS levels to
prevent the biofilm formation of S. typhimurium and destroyed the matured biofilm, which is helpful to

preventing and treating relevant diseases caused by biofilm of S.typhimurium.
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