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Abstract: Antibiotic resistance was recognized as one of the most critical public health challenges confronted by humanity in the 21
st century. Metal nanomaterials were regarded as potent alternatives in the post-antibiotic era, attributed to their exceptional biocidal
efficacy and tunable properties. However, it was demonstrated through recent studies that not only could resistance to nanomaterials
themselves be developed by bacteria, but the physiological characteristics of bacteria could also be altered, consequently leading to
enhanced antibiotic resistance. The antibiotic resistance variations induced by metal nanomaterials were systematically reviewed,
with underlying mechanisms being elucidated through three key aspects: the interfacial interactions between nanomaterials and
bacterial membranes, the occurrence of bacterial genomic mutations, and the horizontal transfer of resistance genes. This
investigation was designed to establish a theoretical framework for innovating next-generation nano-antimicrobial agents, while
simultaneously promoting the application of nanomaterials in combating antimicrobial resistance on a global scale.
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Table I Environmental concentration ranges of metal-based nanomaterials

DRSPS BRI IIRIE (mg/L 3R mg/kg) AR P
AgNPs 6x10 ¥~1.9x10 ¢ o BT R KA B [5-7]
AuNPs 1.2x10™~1.7x10™ AR AL (8]
CuNPs 0.05~0.1 WEH SRR AR [9]
NiNPs 1x107°~0.1 it Aa. [10]
CeO,NPs 3x107%~1.9x1077 IR TN = R % p N | €5 0 (7]
ZnONPs 3x107°~50 Wk PR KA [4,7,11]
Fe;04NPs 1x107~0.01 ORISR KA [12]
SiO,NPs 1x107°~0.044 By S BN, Rk [7-13]
TiO,NPs 1x107°~1 & ORPHBER . ok [6-14]
ALO;NPs 1~1x10° R K AR [13]

YRR AL IE I il U 40 T () 0 B 5 44 . BELERT AR
I RN B R 40 T DNA 25 7 33 4 1 (1 2
KT S HA RGN X Lo g Kt kg %
TR TR AR A A 40 R AR 3 AR A SR A B
A 2y P N, R 55 T AgNPs I, KT B & 3k
PR PUA R (W R KR = AR AR 2) I Ml
WEMICHEIN T 2~8 fis X BERE KT MIC N T
4~16 15, & VO A BRI 5 27 11 MIC BT 4
P A gk AR BT 2 MIC R AEAR AL L2
2.ZnONPs Ab 3 18 23 A Ep i B 0 Sl 25 25 FER TN
VWAL MIC 32 1M AH 2 N, TiONPs 3= Z1id
Tk A A 40 R A K 0 LR 24 1 5 T A )
ANV DL 25 ST 0, 4 4 K AR LR A SR A
(7L BT 2850 R 110 (] BT, A1 B 5 4 1 2 1 3 i —
T T i) 750 3K 3R WA AE R FH A KA R B I, 7 A T
PEAL L] B At S (1) A7 T 250 8., 0 A2 7 = 9 A
FH I TR 24 19 7 25 AT e A )5 S Ik YL v 7 AR 19 5
IR A0 AN [R) 2 2R 1 46 S 4 oK A R X B vl 5

S 24 1 TR AN ] A5 AgNPs Fil ZnONPs 7E
HT A A A8 FH I ooF 40 w1 T 24 A 552 i K, T
TiO,NPs oJ 4 B i 245 78 18 532 Wi ) 5 /s X 3 s ARk
A RARE— AR R AR B RS 1, 00T L0 BE v it
TR AN 5 5 S 245 1 108 B 0 oK ) A0 1 SE B
IS FH AT RR AN [ 7 55 328 65 3 1K) 4 KA )R
7T BRI 24 124 ) i

SEBR AR AR L RGE L RIS AL
PR A DKL 2R B8 R W A R 1) TR 2 1 A9 T, AgNPs
F1 ZnONPs JHII AN ROS A= B #3058 T K
FRETPLAE Z I 25 PE L gk Zno iE i s
A MBEEEVELIE T ARGs (RO TRLAR BN
(1) 24 KUK (10~30nm) (T~ EE R THIAR K. A0 P
i, 0L R S AT S 7 3 A R AT IS, 75 A A I T
52 I8 13 DR A7) 2 THT 7 P R 2 Y (2 1T v
Ao AR RE 1)t 2 38k 40 e A AH T A T, BE G B
BY 1SRG W) D REAL 1) 94 K RIORE A1 B 5% A A TU K T
(Shewanella oneidensis)MR-1 H15 [ T i 2 ¥ 45



5 #A 2

WRAE: S AR RO A0 TR 24 1) S R LI T Jig 2859

S WL A0 T 8 2 e L Y 24 355 PR 107K S e .
BT AW T REAL IR G K JSURL X AR T 4 L 1) 32 1
U Ay B S, X TR 24 £ 5 0 ] 2 RT3

ST G R, AN TR AR AR A B i 25 41 1 £
AEAE 0 35 70 e P, TR SR NI S SE AL 0o ) A 2K
EATESPHLEP S -3

R2 SRAKRMEIE THEXHRAER MIC R

Table 2 Responsive alterations in MIC of antibiotics against bacteria under metal-based nanomaterial stress
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Fig.1 Mechanism of cellular barrier remodeling induced by nanomaterials
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Fig.2 Multifaceted transmission and dissemination

mechanisms of ARGs driven by nanomaterials
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