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Morphological Transformation of MnSiO; and Its Antibacterial Property

XIE Mingxiao, REN Luyao, LI Xiaowei
(School of Materials Science and Engineering, Shandong University of Technology, Zibo 255000, Shandong, China)

Abstract: Nano-catalytic materials have broad application prospects in solving bacterial resistance caused by overuse of antibiotics.
However, their catalytic efficiency usually depends on a lower pH value range (i.e., pH=2.0-5.0) rather than on a weakly acidic
bacterial microenvironment (i.e., pH=6.0-7.0), leading to an limited catalytic efficiency and an insignificant bactericidal effect. In
this paper, MnSiO; samples were prepared by a simple co-precipitation method. The morphology, structure and catalytic properties of
the samples were characterized by transmission electron microscopy (TEM), scanning electron microscopy (SEM) and
ultraviolet-visible spectroscopy (UV—Vis). The antibacterial performance against E. coli and S. aureus were investigated. The results
show that the morphology of amorphous MnSiO; samples transforms from nano-sized particles to micron-sized blobs in buffer
solutions at pH 6.4 and 7.0. MnSiO; nano-sized particles had an intense catalytic ability at a higher pH value and an excellent
antibacterial performance against E. coli and S. aureus. Therefore, the in-situ structure transformation of MnSiO; presents a
promising treatment strategy for bacterial infection.

Keywords: nano-catalytic therapy; structure transformation; pH-ultrasensitive; bacterial infection treatment
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(a) TEM image of MnSiO;

(b) XRD pattern of MnSiOs

(c) Particle size distribution of MnSiOs in water and photograph showing
Tyndall effects

1 MnSiO; Z5 ATE S RAL
Characterization of structure and morphology of
MnSiO3

Fig. 1
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(a) pH=7.0 (b) pH=6.4
(c) pH=5.4 (d) pH=4.4

Note: green arrow represents the MnSiOj; nanoparticles without transformation, and the red arrow represents the transformed Mn3(PO4),-3H,O flower ball
2 AN[FE pH TS 51 SEM HE F

Fig.2 SEM images of structure transformation

(a) pH=5.4

(b) pH=4.4

B3 MnSiO; 7E pH 1N 5.4 Al 4.4 ZZ VTR 5 min J5 ) TEM f& A
Fig. 3 TEM images of MnSiOj; dissolved in phosphate buffered solution of pH 5.4 and 4.4 after 5 min
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A 7.0 LM R TR S A8 IORCKAEER , 4B TE pH
N 5.4 FMETTRRERSER, RICGUKB
FRGETE . MAh, KT B AN & €8 2 3R 1A 1)
A PL5 Mn;(POy),-3H,0 K AEERFT MnSiOs 44K 55
Billhi&r . 7Em pH 2&4F T, KA EE 5 T 550K
TEER AT TS B, 1T 4 0 €8 27 BR 1 5 MAE I
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(a) XRD patterns of the transformed products

MO, T4 (0 A BR T 58 5 T S Uk b e
0 5 DRI A B 7 A T SR B R
(<20 nm),  FRAMNE PR LA i 17 BE(<200 ns) 2,
R KR B AE R pH 40 R I A
BRI R AT BRI A B A A (R pH 4R 1
RIS SR pH T [ MnSiOs JE A 45 i1
B T AT R R B R AR

(b) Mny, XPS spectrum of MnSiOs3

(c) Mgy XPS spectrum of the transformed product in a pH 7.0 buffer solution

4 MnSiO; ¥ALHT e H o AN 25 23

Fig. 4 Composition and valence analysis of MnSiOj; before and after transformation

(a) UV—Vis spectra of degradation of Methylene blue
(MB) incubated with varied MnSiOs concentrations

(b) UV—Vis spectra of degradation of MB at varied pH

K5 MnSiO; FEf#E MB 158 50—1] WIR IO 1%
Fig. 5 UV-Vis absorption spectra of MB degraded by MnSiO3
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(a) Relative viability of E. coli treated with varied concentrations (b) Relative viability of S. aureus treated with varied
of MnSiO; at pH = 6.4 concentrations of MnSiOj; at pH = 6.4

(c) Photographs of bacterial colonies treated with varied concentrations of MnSiO; at pH = 6.4. 0: Control,
1: HyO,, 2: 200 pg/mL MnSiO3, 3: 100 pg/mL MnSiOs, 4: 80 pg/mL MnSiOs, 5: 50 pg/mL MnSiOs

K6 7&pH{HN 6.4 FAFIKEE MnSiO; 4b 3 (a) KT B FH (b)) < 2 €03 267 BR B PR A7 175 256 SRR L 14 (o) BT 7% HE A
Fig. 6 Relative viability of (a) E. coli and (b) S. aureus at different concentrations of MnSiO; and (c) photographs of colonies at
pH=64

(a) Relative viability of E. coli treated with 50 pg/mL (b) ) Relative viability of S. aureus treated with 50 pg/mL
MnSiO; at varied pH values MnSiOs at varied pH values

(c) Photographs of bacterial colonies treated with 50 pg/mL MnSiOs at varied pH values

Bl 7 MnSiOs(50 pg/mL)AbIE (a) AT B 1 (b) B €% % BR T4 11407 3 2 K (o) T V& HE
Fig. 7 Relative viability of MnSiO5(50 pg/mL) against (a) E. coli and (b) S. aureus and (c) photographs of colonies
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(a) pH=7.0

(d) pH=7.0

White arrows reflect bacteria.

(b) pH=6.4

(e) pH=6.4

(c) pH=5.4

(f) pH=5.4

Bl 8 (a—c) KM HT B Al(d-D) 4 2 57 & BR B 5 MnSiO; f/EA[F pH T1EH 1 SEM A
Fig. 8 SEM images of (a—c) E. coli and (d—f) S. aureus treated by MnSiOs at varied pH values

2.4 MnSiO; HI4RRRE 1t

MnSiO; FJZH 2 1 AR 1 D 22 A5 6] T k)
L EERAE. W 9 iR, ¥ MnSiO; 5/M R 3T3
YRR FREE 48 h 5, dHIRAERS KB B TR,
H A A0 AF TG RIS T 96%, R B ATl £ 11
MnSiO; B A R4 APk 2.

100 |-

80 |-

60 [

Cell viability/%

40

20 |-

Q Q

Concentration of MnSiO,/(ug-mL™")

B9 /IR 3T3 405 4 RV B MinSiO; #55% 48 h J= 4
PR
Fig. 9 Survival rate of mouse 3T3 cells cultured with different
concentrations of MnSiOs for 48 h

3 %
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£ pH 1HA 7.0 I, MnSiO; N K BRLZ W7 A8 i
Mn;3(POy),-3H,0 foKAEEk, 7E pH HK 6.4 B, K
B4 MnSiOs 40K R #6748 B, Mn3(PO4),-3H,0
WOKAEER . 7 pH N 4.4 F1 5.4 i, SR LA
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