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Abstract

Due to the abuse of organic antibiotics, bacteria are resistant to antibiotics, so it has become one
of the biggest challenges in the 21st century to explore efficient and non-resistant bacteriostatic
agents. Inorganic bacteriostatic agent nano-Ag has strong inhibitory properties against bacteria
and even drug-resistant bacteria, but the inhibitory activity of nano-Ag is related to particle size.
The smaller the particle size, the higher the surface energy, the stronger the bacteriostatic ac-
tivity, but the smaller the particle size, the easier it is to agglomerate and reduce its perfor-
mance. Therefore, in this study, the prepared Ag quantum dots (Ag QDs) were loaded on the
surface of polydopamine to synthesize Ag QDs composites with ultra-small particle size by using
the strong coordination of Ag with the electron-donating group N atom. The morphology and
crystal form were analyzed by transmission electron microscopy (TEM), X-ray diffraction (XRD),
X-ray photoelectron spectroscopy (XPS), etc. The antibacterial activity of Ag QDs was studied by
using drug-resistant Salmonella as a model bacterium, and its antibacterial mechanism was ex-
plored. The results showed that the dispersion of ~3 nm Ag quantum dots on the surface of po-
lydopamine could improve its stability compared with single nano-Ag. The antibacterial per-
formance study showed that the prepared Ag QDs had an antibacterial efficiency of more than
99% against drug-resistant Salmonella within 30 min at a concentration of 300 pg/mL, and
could efficiently damage the cell wall of Salmonella, inducing the leakage of K+, Ca?* and Mg?2+
ions inside the bacteria and causing irreversible death of the bacteria. Therefore, the efficient
antibacterial activity of Ag QDs composites is expected to be applied in medical fields such as
antibacterial dressings.
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1. 51§

TR AR 5 L R A R PEAE e B A R A, L@ 2019 AR R 2022 4, TR SRR FE 51 K I
A PPN (- AR e 2ab s b s A W= A T TR SN IPNEZ AR R 3 v e R s 1kt Nl l7IN iz
ZiRARTHA AR . (HBEE A DA AR BRI H s de s, A 22 000 06 FA AN ol 8 4
AR B FAME TR PR RE, FEORENN A LR 2 “BPanw” [1H, HP ABC
(ATP-binding cassette) [2]F%iz & (A1E N 2518 Z P25 B NS, HIhREREmaEaRER, k. &O
s PUER. &% TRE/ANT 600 D, KR/ T 4 nm k) ESRE B MANEE R . 44 TR R
TREEN, ABC HIZE A K I 2 BN ANT E A0 i S 2 B AE R INEEE, Kk, AHLNE
PR ATHE A VR IS MR . ThAEER A TN ge . BE S RBHIE i A4 o0 5 (0 40 1 T I PR 3%, (EE
O A PR AR AR T RER o« TEHL T B R R A 2B 7R VIR R) « BR/RYE « ANy kAT 5 46 WA 2577
PIEER S N AGT, RIS RENE, S AERIER/N, AR, 22 nl S50 S 2R H T
25U . (5 AGTVE N — YA 15 FH 2540 8 RCR B, AR[3IE N i 2 1 215 AN B T s R AR AR 2 1k
HAEA o al B AgT AT ROS, P #5 B ) AT ) JEE AR K AHBRT, LA 5 mr ISR T8 70 - 9K ER(Ag NAS) [4]-[12]
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AR PE S LU R IARAR G, He RSB /N R M RE R, (ARITERER, Ag NAs 5 415, Mk
I 7 HAM M

HRET5(Ag QD) [12]-[22]/2&Ki42 /T 10 nm ) Ag NAs, H/Mkif2i) Ag QD AMYATiEiE ABC #ia
REHNMEANT, SEARTRIMERE, BRI, Sk, Q5T RBIY I 84k & e e M E &
VIRIE AR R 1 Ag” d U2 sk, SFIE. A TSGR P I BT 456 T & JE fl &) i i
HPE A PR A AN AR A, ELRTRE T 2 B AR S A A T o A H RS T /NI ) Ag QD FE T 24 B
(I B IS FH PRI 5 2 o

NI, AHE T AR 2 UG A%, 8 I SR T S B AR B RO A7 A FTR /N KL AE Ag QD R (1R B
TER A Ag QDs, XA AT fER Ag QD & A ZE 1 i) @, H aT#e s HoAsE . DA 259011 IR T (T-Salm)
NEE BT FE Ag QDs B IE T, FFRDIALS], XA 4 Ag QD ZEHMER H R FH 52 B JE

2. SCIOERSY
2.1, {XSBFRFT

FEI Tecnai G2 F20 ZUE LT BB (17 =% FEI AF]); D8 ADVANCE X S R AT (fE
BRUKER); 44 - 7] 118 2 SR st (H A< Cray 100); Kratos X 52856 HL T-B8 4% (F 4, AXIS Supra);
YXQ-50G T AR R R I BRI L, AR AA]). —% = "FE(AR), FHEL(AR), ZEIZ(AR)
T REETHH AT, FAEN(AR), TREMENI(AR), EERI(AR), ITEIRIN(AR), THEILBIAR)
ST REERT L TR A IRA R, BIR, BeEREFy, R ARSI NS0, W THalEy.
29U T IR B HH PR PE 3 TR AR S TR gt
22. EWF%

PR B A 2 T304 1R .

Table 1. Preparation method of material
= 1. MREHIESE
ELR) S A4 R ARSI
1 =% PR R T e (1 mM)TARRZE 280 mL S RTE/K VW (viv = 2:5)H, #8745 30 min,

BX
1 E;?gg;fw% ¥4 Eh R 2 (375 ma) 4- HULE 70 mL 5P I ATATRED S SR BT 4RI 2 DU N |34
VW, S5k 40 h 755 PDA, F 2 BT KRS = BT
» Ag QD [l % Y 8.5 mg 1) AgNO; I 12.9 mg [T FRENIAARTE 100 mL /K& A2 20 min, F30

A 3mL 10 mM [BlE N, 30 s JRIRIRAR e iR (A7) Ag QD.

£ PDA I 20 mL 75187K, PR35 pH{E N 4, 7EIA 20 mL Ag QD, ##7 10 min, &
3 Ag QDs il €& B 20 min, HELEL, BBV Ag QDs (Ag FIERITIAE/NT 6%), K= A7
TKBEREOR, 15 60°CHZ T M T 10 h.
B —4f — 2, — % (100 mL) AN A )53 b 150°C bk 30 min, &N NaHS (3 mmoL),
AgNAs[24]  HCI (3 mmoL)5 & ZJ&MEms i (25 mL 20 mg/mL), Jn#iEE 20 min, &I
) i £ CF;COOAg (282 mmoL), 150°C fz 3 30 min 5245k Ag WK, FHNEAEES: 3 ¥k, 0.5%
RN 2 IR, AT AT %M.

2.3. HPEECE

P S8 BAAOD BRUNE 2 Fros .
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Table 2. Experiment of bacteriostasis
2. IEseLe

G 5 PR i HARB R

S AMEAK PDAL Ag NAs Al Ag QDs R 43 #U7E Kok 1 B 4tk f, il & ek 24 100
JEACHYEY pg/mL, 200 pg/mL, 300 pg/mL, 400 pg/ml AR VAR . BHE AL I I 4R B v AT 48 K

! SZE B R 7738 1, X6 b il A TR Rk 6 400 o 0 B T e B 5 9 3 B35 9% 12 h,
FAT I 6 L MEREE R,
% Ag QDs I AE] 5 x 105 CFU/mL B, A TTEWRE AN 300 ug/mL, 4> HEA 5
’ B UE0E min . 10 min, 20 min £ 40 min, B0 BB EZEW 10 L 55 KL HE K E A LB
SEB[25] Rt BB IR 12 h, SPATM 6 AW EEAE R, E R (N)
N = (GO -G )/GO x 100%
3 e PI g K IRVRA WO 50 pg/mL FIBLL I E(PI) 50 UL G 3E TiRA 15 min, £ 13000
HESIEG[26]  r/min FUELOGHLR, FIREERSE PG 3 WK, AEVOGRE BB N S E T AT E .
O AR EFEA IS AR R 7.5 x 107 CFU/ML, RIS R R, S &b Rlik
4 i EE & e FEFEHI N 300 pg/mL, FIFABERIRS 2R A5 ARG BNEFRF T, 5557 15 min A1 30

min J& 73 BB EATRL, T A v A R 1) A AR A

TR A MR pH BN 7.3 BERR 2 PR HF L E 7 x 108 CFU/ML B &, 300 pg/mL Ag
5 HTMERSL  QDs RS, iR FHFE 30 min, 13000 r/min BE-OHLEE B, 18 SO AT
T, 5 ICP-MS K40 28+ Ak EE 1 i o

e b NARERIE R, Go NS IR REVE NG G RS A AR R 45 R w4

3. ZERE5ITiE
3.1. Ag QDs ML HaFRA4E
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Figure 1. (a)~(d) TEM image of PDA, Ag NAs and Ag QDs; (e) (f) XRD and XPS spectra of Ag QDs
[& 1. (a)~(d)u PDA, Ag NAs 1 Ag QDs B TEM [&; (e)F(f)2E Ag QDs A XRD 1 XPS [EiZ
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11 (a) ]9 B0 BRI 25 K IPDA, K242 79300 + 25 nm, Ag NAs (/&1(c))ki4% A15 + 5 nm, H BRI 4,
HIERATN, X2 FAGIRAGIES i 5 15K, HAES S A FRE & Rr]. Ag QDs (Kl1(b), #1(d))
HEMECZGE RGN, RAR T BUECNIAS), RIS 51303 + 2 nmgIKAghL T, #HEEAg NAs, Ag QDs
RRAHEFE, XEFAPDARKME & H KEMALAMFAE, AN N Efar, FArEmRmGE &
(IR /IR AN K AQR THI 5 4 KB 11 7 A, PDATTIE I i B I 5K /N R AR R 40 oK AgRS e 1 IR B 7 L
KL HAY QDs, HARYE IR 1, RREAMBRE S FaEAgR AR, Kk, ##%Ag QDs
FKRAEHEIFIE. TEMIEIHAg QDA 71 2 PDAZK .

Nk — 1 E BT A A R SRR S R, B R X 2R AT S 2 Ag QDsI 45 R anEl1(e) i, 4k
AQTERTHTIE20 = 38.9°, 44.28°, 64.43°F177.38° 1 NS BLTHI0a 37 )7 Ag it ik 5 $ia = 4.91A (FrifEAT TG+ A
JCPDS 4-0783)J(111), (200), (230)F1(331)¢m M, ATHIIE25"%FRPDA, KJYPDANIESEEY), HLAbH
AR R, AN, R MR E, UFBHI & Ag QDAL HALSF Mt e, X E5TEMS
F—E. BIIXDREW], Ag QDsH &1 IESPDA, L7 HHIMAG. NHE M ELAg QDsH A L ZIR
A, EL(f) NAGLE G REIEIE, 368.27 eVA1374.22 eV Hi T 114 43 51 X 57 B4 i Ag Fi Ag3d5/2 F1Ag3d3/2 [ £
HhE, HMIEZ EMHZ6 eV, FERIMBIHARKE, IEWAg QDsA K AR . HXPSHHr Al Akt kL &4
Ag’.

3.2. HpEEY

N FLAG QDsTRE AN, FRATLAT-Salm iRy, FJE4C A & 52 HE TRk 0 B4 1 R 15 21 i f:
IR, E2@)AMEE R, SO RAEIINGEE, 20KAgHT-SalmZE300 pg/mLH A3 155 41
WPE, Ag QDSfEL00 pg/mL AT E 1, X 4H B ARV BT 1 B o AR KT K, R BRI AR I X LI
AL, Ag QDsHNEEEERE 3,  EAARMHN I Bl AR W E2(0) R Fw, Ha@E i i, 13280 B w ik
F£79300 pg/mL, JEEIELCA T ERSLIR T A, Ag QDs B A LRI R IE 1

b Ag NAs Ag QDs d s00f
E 1.24
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Figure 2. Diffusion of material on T-Salm filter paper (a); bacteriostatic results of colony counting method (c) and
corresponding result data (b, d)

2. AR T-Salm GERFH#(a); BEFE T EUERIMES R (o) FIE R AL R ##E (b, d)
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BATVH EE UL MR TR P 2%, E2(c) M 2(d) B 7R T Ag QDsXf T-Salm7E 4 & 4300
ng/mb, AS[EIF (R AR 25 R, BEI40 minpy, 43 (R AT BRI J LT3 VA2 UERI T-Salm 1 s %
999%, LI AN MRIE B, FERE N300 ng/mLRE R, 40 minXd 4 B ] %21£99.9% L . NIF
A B R BRAL, FRATTE P 240 7 e Y BIP IR VP AN B I BB T 3R, 2 (5 B R s 7 i an 113(a), 1513 (b)
FiR, T-SalmAFFIR, MEdjt)s, SBPaap ik, HEEREFHMEEZIGEMS, St
RO HE 5 I AT AERIRBE S 2, R 2 T-Salm )40 i B 3 45 K (1 R 22 Bl R /D & I B e XU 1 )2
R AGRL T TCIE AR R US> TS5 44, {E R 20 1 40 B B P (1 ABCHG s 2 1 380 N 41T B8 PR 0 5ok 400 v 40
L EE S BB T, BRI KT B IRIP 1L s L 5 A4 S AN RUR

2 A R THT 5 A R 1) A LT A 7 LT 2 FH AZERE B B RB R AR, D 0 )Xot 44t A 4 PR A
IR0 o 30T 4 T A P 2 T PR (140 P47 (P13 () ) AT 7 P BB Ca* RIMIG ™ i 3 — S5 AN AR % 7
HLAI(EI3(d)).

T SZIG R AN, A0 NT.5 x 107 CFU/MLAS T-Salm ) Zate H {35 —15.6 mV, 5% 300 pg/mL
fJAg QDs¥EA15 minj&, T-SalmKJHEAEAE N—10.2 mV, &4 30 min/a M #4775 N—6.4 mV, AJEH]
ELAG QDs el 4T B 4T B fr) Bt FELAE 2536 IR, AN A AN BE IR, AR BUEANHAET . Mg®. K. I
Ca™ 1 N F AN L i E TG R, Mo* E4IIR A LA AT A7 AE, KERICa® U B S I R A7 AE
T, 7 x 10° CFU/MLII B 2 H &4 Mg, K*. FICa? ik BE 1K 7 40.98. 1.98#11.3 mg/mL, V&
430 minyk i 40.46. 0.71F10.56 mg/mL, iFBIAg QDsHidR 7 T-Salm K4 fmee, Ffdi2m i i i Mg
K"\ RICa® it &5 if {4 40 B SET

W,
C d 1.97 ater Ag QDs
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Figure 3. PI staining analysis of inhibition of T-Salm (a), (b); Zate potential (c) and ion leakage analysis (d)

& 3. AR T-Salm B9 Pl 3£ (a), (b); Zate BEAL(C)FIETHEE ()7

4, &Eig

AT L PDA N, 8 Ag QD f# 7t PDA K&k Ag QDs, Bt I, S B AgE bS5t 4T

DOI: 10.12677/japc.2023.122014 127 YERAL i


https://doi.org/10.12677/japc.2023.122014

T &

FAE. MESEFIUEH: 99KE A Ag QDs X T-Salm 7£ 30 min I, ¥ N 300 pg/mL IR A 99%
DAL, HRALHIZS SR R, Ag QDs T B R EANE, N4 1 40 i BE Al A A 9 ™ L, Ag QDs BSR4t i
BE5, #E— DR A0anpE, Wl 4 Fos, (HEANEE R — P A. 25 LATA, Ag QDs 153 I I &
o 300 pg/mL, FIETE I E ATIZ ATy Ag QD TEHNE HH 1 B A $ 47 Lk

Figure 4. Ag quantum dots were loaded on the surface of polydopamine to synthesize Ag QDs composites with
ultra-small particle size of ~3 nm, it could destroy the cell wall of drug-resistant bacteria effectively and cause the
bacteria to die
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