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Nanomaterials

Nanomaterials can be defined as 
materials possessing, at minimum, 
one external dimension measuring 

1-100nm. 

Ag nanoparticles of TEM images 
(Pang C, 2013)
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Transmission electron 
microscope (TEM)



Surface effects Quantum effects

Nanomateriasl have superior  properties than the bulk substances:
Mechanical strength, thermal stability, catalytic activity, electrical conductivity, magnetic 
properties, optical properties

Melting Point Depression: 2.5 nm Au particles 930 K, but bulk Au 1336 K.

Nanomaterials
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Nanomaterial applications

The very large surface-to-volume ratio of nanomaterials is especially useful in the medical 
field, which permits the bonding of cells and active ingredients



Yin, Iris Xiaoxue, et al. "The antibacterial mechanism of silver nanoparticles and its application in dentistry." International journal of nanomedicine (2020): 2555-2562.

The antibacterial mechanism of silver nanoparticles 
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The antibacterial mechanism of silver nanoparticles 

Although bacterial 

resistance to antibiotics has 

been extensively discussed 

in the literature, the possible 

development of resistance 

to silver nanoparticles has 

not been fully explored. 



Bacterial resistance to silver nanoparticles

The increasing minimum inhibitory concentration (MIC) values show the gradual development of 
bacterial resistance against silver NPs.

Panáček, Aleš, et al. "Bacterial resistance to silver nanoparticles and how to overcome it." Nature nanotechnology 13.1 (2018): 65-71.



Bacterial resistance to silver nanoparticles

a,b, Pristine non-aggregated silver NPs

c,d, aggregated silver NPs after culturing 
for 24 hours with ‘Ag-resistant’ 
Escherichia coli (E. coli) CCM 3954. 

e,f, Aggregation of silver NPs induced 
by resistant E. coli CCM 3954.

The aggregation of nanosilver is the main reason for the silver nanoparticle 
antimicrobial resistance

Panáček, Aleš, et al. "Bacterial resistance to silver nanoparticles and how to overcome it." Nature nanotechnology 13.1 (2018): 65-71.



Part 1. Bacterial resistance induced by silver 
nanoparticles based on 

aggregation and no aggregation conditions

What will happen if there is 
no aggregation?



Hypothesis
Semi-permeable capsules (SPC) may be able to resolve the problem of 
aggregation of nanomaterials 

Semi-permeable capsules (SPCs) 
have 30 nm holes on the shell



A droplet microfluidic generated cells in semi-
permeable capsules (SPCs)

Exposure AgNPs
(10nm)  into SPCs 
single bacteria to avoid 
aggregation of 
nanoparticles in the 
medium. AgNPs 



Generating bacteria (E.coli) into SPCs and 
Monitering SPC-E.coli from 0h to 24hs



• At 3 hrs: it is able to see E.coli 
• At 5 hrs: E.coli is growing in SPCs, and SPCs start growing
• At 8 hrs: SPCs stop growing

3 hrs                                                                            5hrs                                                8hrs

Monitering SPC-E.coli from 0h to 24hs



The interactions of AgNPs with E.coli and SPC-E.coli

• Nanomaterials: 10 nm silver nanomaterials (AgNPs) (nanoCompsix, USA, 
OECD standard, 1mg/ml in water)

• Bacteria: E. coli ATCC 25922

Silver nanomaterials 

E. coli ATCC 25922

SPC-E. coli



Images of SPC-E.coli & AgNPs at 24hs 
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AgNPs Conc.



AgNPs Concentration: 0,   3.125,   6.25,    12.5,    25,   50 ug/ml

Add  AgNPd at 0 hour

E.coli

SPC E.coli

MIC of AgNPs to E.coli and SPC-E.coli (27-06)
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Summary

1. Bacterial resistance induced by AgNPs
(aggregation and no aggregation conditions)

• Dose-response issues: control the same number of initial bacteria
• Identify the AgNPs concentration in SPCs

2. Visualization of nanoparticles and bacteria in SPCs: 
quantum dots and GFP-labeled bacteria

3. MIC and gene detection of antimicrobial 
nanomaterials in single-cell exposure level



Part 2.
Bacterial resistance to silver 

nanomaterials based on the different 
shapes and size
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The basic features of nanomaterials support 
their interactions with biological systems

Yagublu, Vugar, et al. "Overview of physicochemical properties of nanoparticles as drug carriers 
for targeted cancer therapy." Journal of Functional Biomaterials 13.4 (2022): 196.

?



Silver nanomaterials

AgNanoS-50nmAgNanoS-10nm AgNanoP-50nm AgNanoP-100nm

Bacteria
Pseudomonas aeruginosa ATCC 27853 (P. aeruginosa ATCC 27853)

Methicillin-resistant Staphylococcus aureus (MRSA): USA 300 

MIC

Size relevant Size and shape relevant



Thank    you!


	Slide 1: Investigation of antimicrobial silver nanomaterials from new angles: resistance, shapes, and single-cell level
	Slide 2: Nanomaterials
	Slide 3: Nanomaterials
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Hypothesis 
	Slide 11: A droplet microfluidic generated cells in semi-permeable capsules (SPCs)
	Slide 12: Generating bacteria (E.coli) into SPCs and  Monitering SPC-E.coli from 0h to 24hs
	Slide 13: Monitering SPC-E.coli from 0h to 24hs
	Slide 14: The interactions of AgNPs with E.coli and SPC-E.coli
	Slide 15
	Slide 16: MIC of AgNPs to E.coli and SPC-E.coli (27-06)
	Slide 17: Summary
	Slide 18
	Slide 19
	Slide 20: Silver nanomaterials
	Slide 21: Thank    you!

