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AEYIMZ . FEF, AgNPs 7f ZnFe,0,@PDA K IR T H A 112, M T AgNPs 5 AR M, HE/N
Hi Ag NPs AT (423 1 88 T8 E i A N3, ZnFe,0,@PDA@Ag B4 T LS PTG T . A TAERT b
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Abstract: With the improvement of life quality, antibiotics have become indispensable drugs for human beings.
However, the prevalence of multiple super pathogenic bacteria in environments are induced by the extensive use of

antibiotics, which poses a serious threat to social health. It has become extremely urgent to develop new, effective
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and durable antibacterial agents in response to a rising publichealth demand. In this paper, magnetic zinc ferrite
(ZnFe,0,) was prepared by one-pot method using FeCl;, NaAc and ZnCl, as raw materials. Secondly, ZnFe,0,@
PDA nanospheres were formed by coating polydopamine (PDA) on the surface of ZnFe,0,. Finally, silver nano-
particles (Ag NPs) with particle size of 2-16 nm prepared by chemical reduction method were adsorbed on the sur-
face of ZnFe,0,@PDA nanospheres to form ZnFe,0,@PDA@Ag nanocomposites. The prepared nanocomposite was
characterized by TEM, XRD, XPS, UV-Vis, FTIR and Zeta potential. The antimicrobial activity and mechanism of Zn-
Fe,0,@PDA@Ag were studied with gram-negative bacteria P. eruginosa, gram-positive bacteria S. aureus and drug-
resistant bacteria T-Salmonella. Compared with the same concentration of Ag NPs (loading 0.39%), the antibacteri-
al rate of the material against P. aeruginosa was increased by 57.1%, and that against S. aureus and T-Salmonella
was increased by 61.7% and 39.2%, respectively. When tested bacterial were treated for 60 min in 200 pg/mL
ZnFe,0,@PDA@Ag, the inhibition rates of the material to the three test bacteria reached 99.9%. The results of bac-
teriostasis mechanism showed that ZnFe,0,@PDA@Ag could interact with cell wall surface proteins to destroy cell
wall, enter the interior of bacterial and interact with intracellular proteins and related enzymes to hinder cell respir-
ation, damage DNA structure, and inhibit its replication process, thus affecting physiological and biochemical pro-
cesses such as bacterial respiration and cell division, and eventually lead to bacterial death. With magnetic ZnFe,0,
as the core, the nanocomposite is of repeatable utilization, high ratio performance and price, no second pollution.
And the coating of PDA layer makes the nanocomposite has good biocompatibility. Importantly, the ZnFe,O,@
PDA@Ag not only solves the problem of Ag NPs being easy to agglomerate, but also has high antibacterial activity

because small particles of Ag NPs can directly enter bacteria through ion channels. This study provides a theoretic-

al basis for research and development of new and intelligent antibiotic materials.

Keywords:
al; Ag nanoparticles (NPs)
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1.2 M#H&
1.2.1 ZnFe,0, 1%
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Z " EEYEE 4], A 60 mL 0.06 mol/L ZnCl,
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1.2.2 ZnFe,0,@PDA (1145

Y 1 #% B 100 mg ZnFe,0, & T 60 mL — 3%
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ERR 22 U I A SN R R 7 10 min, B S HLAK
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4. KOG LR, &,
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0.017°/s"; F| i XPS (Kratos, H 7% AXIS Supra 24
&) 23§ ZnFe,0,@PDA@Ag kE i 2 T AE 1E Y T &
FAN 25 FF 53 B 9K AR B W Bt 5 R 28 A0 43 60
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T, K B A KSR 37 9 45 .
FH 2 b 20wl B4 TR RR VR R A 7E LB 3G R b, ik
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M, KA DR AR
142 JEACH Y HL R

VL P. aeruginosa. S. aureus il T-Salmonella 5
MR, SRAIEAC R ¥ HOA " E PEAF 5T ZnFe,0,@
PDA@Ag B IR M fiE o B T 7% MR 121°C & TR
T K 20min, H JG ® % & F K ¥ ZnFe,0,@
PDA@AgZ. ZnFe,0,@PDA I fiil i 400, 200, 100,
50 pg/mL M, AR 1.56. 0.78. 0.39.
0.195 ug/mLAg NPs, J-Lk ZnFe,O0,@PDA. AgNPs,
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I TR JC T & B /K 7 B & 1.5x107 CFU/mL,
B 7 uL 1 ZnFe,0,@PDA@Ag (20 mg/mL). iz 14
400 pL IR A Y AIE 2 s dl, I3 A B VR AR Sk Xt
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Fig.1 (a)Magnetic zinc ferrite (ZnFe,0,)@polydopamine (PDA)@Ag nanocomposite preparation flowchart; TEM images of ZnFe,0, (b), ZnFe,0,@PDA
(c), ZnFe,0,@PDA@Ag (d); Particle size distribution of ZnFe,0, (), ZnFe,0,@PDA (f), Ag nanoparticles (NPs) (g)
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¥ 2 ZnFe,0,. ZnFe,0,@PDA. ZnFe,0,@PDA@Ag HKE AR ((a)~(f)) ZnFe,0,@PDA@Ag 11 XPS [{i¥; (g) ZnFe,0,. ZnFe,0,@PDA .
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Fig.2 Characterization of ZnFe,0,, ZnFe,0,@PDA, ZnFe,0,@PDA@Ag nanocomposite: ((a)-(f)) XPS spectra of ZnFe,0,@PDA@Ag; (g) XRD patterns of
ZnFe,0,, ZnFe,0,@PDA, ZnFe,0,@PDA@AgZ and Ag NPs; (h) UV-Vis absorption spectra of ZnFe,0,, ZnFe,0,@PDA, ZnFe,0,@PDA@Ag and Ag NPs; (i)
FTIR spectra of ZnFe,0,, ZnFe,0,@PDA, ZnFe,0,@PDA@Ag and Ag NPs
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A, B, Cand D correspond to distilled water, Ag NPs, ZnFe,0,@PDA and ZnFe,0,@PDA@Ag, respectively.
&3 AFM XTSRRI (P. aeruginosa). 4 EOMEERE (S. aureus) FITHZIHE YD1 TICH (T-Salmonella) WIEAUR Y HIR A . ((al)~(ad)) HREH
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Fig.3 Different materials for pseudomonas aeruginosa (P. aeruginosa), staphylococcus aureus (S. aureus) and drug-resistant salmonella (T-Salmonella)

filter paper spread photos: (al)-(a4)) Bacteriostatic results photos of P. aeruginosa of different bacteriostatic materials (Loading of Ag NPs was 0.39%) with
concentrations of 50, 100, 200 and 400 ug/mL; ((b1)-(b4), (c1)-(c4)) Antibacterial results photos against S. aureus and T-Salmonella; ((d)-(f)) Change

curves of bacillus inhibition circle diameter with concentration on P. aeruginosa, S. aureus and T-Salmonelia of different materials
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Table 1 Size of bacteriostasis circles for P. aeruginosa, S. aureus and T-Salmonella of solvent, Ag NPs, ZnFe,0,@PDA and
ZnFe,0,@PDA@Ag

Inhibition zones/(+0.05 cm)

Bacterial Concentration/(pug-mL™)
H,0 Ag ZnFe,0,@PDA ZnFe,0,@PDA@Ag
50 0.6 0.6 0.6 0.85
. 100 0.6 0.6 0.6 1.3
P. aeruginosa 200 0.6 0.7 0.6 1.6
400 0.6 0.9 0.6 2.1
50 0.6 0.6 0.6 0.7
100 0.6 0.6 0.6 0.9
S. aureus 200 0.6 0.6 0.6 1.4
400 0.6 0.65 0.6 1.7
50 0.6 0.6 0.6 0.6
100 0.6 0.6 0.6 0.8
I-Salmonella 200 0.6 0.7 0.6 1.0
400 0.6 0.85 0.6 1.4

aeruginosa. S. aureus, T-Salmonella) B & PN 1Y
Mgk B 43 5l b 076, 1.03. 0.72mg/L, 75
ZnFe,0,@PDA@AZ AWK 52 G A BHE ] — & i a5
H Mgk £ 4% 4 0.35, 0.51, 0.38mg/L; [A]Af K*
e MR K 9 1,57, 2.41. 1.65 mg/L [k Jy 0.28.
0.93. 0.4mg/L; Ca® ¥ MIAEHIFIAY 1.5, 1.27,
1.11 mg/L 45~ 0.6, 0.66, 0.52mg/L. LA Lo#r
AR, AR R TS 9k R A MR S H
FE#AH BB N, X T AR S A AR TR R R
THT %) B 38 3 2 R IR T 40 TR Y B A
it B PR R B - A DT S e 44 B A O AR
PRAEFR, IR S0 ] 40 T A RSCR
2.3.2 Zeta WL 25 5By

Zeta HL AV J2& % UKL 22 (] AH B HE T 50 5] 0 5
- = O (A e e T TR N o
BB S B g5 L & s(d) BE s, T RLE
ZnFe,0,@PDA@Ag 41 K & A b1 Bk 1) 4% 1 v 457 {H
(-45.724£0.05) mV, P. aeruginosa. S. aureus, T-
Salmonella {32 Ta HL (37 {H 7353 4 (-13.07+0.05) mV
-12.37mV. -13.75mV. 4l 1 % i i 2 i T 40
JIBE FEZ LSRR Z0E . IR A MR E A F A
—OH, —NH,. —CONH,. —COOH % B & 1%
PEFEAT B gk 52 G b RHE R T 4018 4 min B,
I 45 20 B 3% 1 fof A -10.38 mV (P. aeruginosa) .
-10.43mV (S. aureus). -11.19mV (T-Salmonella);
MAEH K F 60min, HLOE KA T BEAL,
DK 75 2] 3 Fh 4l 1R HL AV AE 4> B O -4.12. -5.84,
-7.17mV, MELL A IEFEF 90K G A RHE H 40
R, T R T A K AR TR R Agt 5 A AT 3R TR

WVERAIE A, BN T AR RE , DA R T
[ 2 o
2.3.3 AP ENEL R

i 7 %t H ZnFe,0,@PDA@Ag F1 GDC-0941 HT
i 25 e N FLRE b K 40 L (MCF-7) 1Y 75 B 5 56
KM AR E G MBR LE YAV, 4 MCF-7 1
ANF Y TSR 240, SLE 45 R WK 5(e) BT s,
ZnFe,0,@PDA@Ag 5 [ 14 XT f 4 GDC-0941 1ty
0 e B (ICs) fH 43 I A (289.340.05) ug/mL,
348.48 pg/mkL, X b H AR AT LA % 305 5 JC W] 2 &8
24225 . Wl W, ZnFe,0,@PDA@AE 41k & 4+ #
B AR W) A 25 1 5 B 25 W) GDC-0941 AH T
FH L AT IR B 90 0K 52 G AR A2 W AH 2 1 R4S
2.3.4 PI YOI 45 50 A

% PI 4 (5,32 %t ZnFe,0,@PDA@Ag 1l AL
#E— L HR5E, PLJg — ] LK 40 7 DNA i 17 4%
gL 5], AT 32 450 20 I %) 41 A% AE DO L
BN R @O, S g5 R E 6T R .
¥l 6(a)~6(c) 43 %l & P. aeruginosa. S. aureus. T-
Salmonella Zi# 1) PLYL A I8 7o W LAE Y, 7EXT
A ZiE R A D Rma s, HHE
FETH Um0 . 4 200 pg/mL 94 K 2 A R
YEAIBCE 12 h 5, & 6(d)~6(f) Y52 56 45 5 BH &
BAREWLL AT, I RIGOKE G M
BB IR T 20 TR B 2 R RE A AR, AT K BP0 B
BOR . R, 38X g ok A M ORHE H P
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Fig.4 Photos of colony count of ZnFe,0,@PDA@Ag nanocomposite: Distribution of colony count of nanocomposite materials inhibiting P. aeruginosa

(a), S. aureus (b) and T-Salmonella (c); (d) Time-germicidal curves of the nanocomposite; () Comparison of the antibacterial rate of the nano-composite

against the 3 tested bacteria at different time
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