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Background: Triclosan

Body Wash Hand Soap Deodorant
= » Endocrine disruption
= » Breast cancer
Acne Care Makeup Mouth Wash ¢ Resistant bacteria
e Bioaccumulation
» Aquatic toxicity

Toxicity

P t h 1 High number of bactena. Antibiotic kills pathogenic The antibiotic resistant The bacteria can transfer
a O g e n I C A few of them are resistant bacteria as well as the bacteria now proliferates the antibiotic-resistance
to antibiotic. good bacteria within the without competition, gene 1o other bacteria via

. body (probiotics). plasmids {conjugation).




Background: Triclosan

Chronic
exposure

Genetic & 7

mutations
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1.;(& exposure %

Membrane
structure change

Triclosan resistance Antibiotic tolerance

Zhang* et al., Environ Sci Technol, 2019




Background: nanosilver

 One of the promising substitutes is silver
nanoparticle (AgNP).

d Potentially used in many daily life products for
antimicrobial purpose.

4 Increase of production, environmental release,
ecological risk

Global Nanosilver Market Value (Billion $)

Anti-fungal Anti-inflammatory

R Hstihsesenial Anti-angiogenic
Cosmet Anti-tumor
Aj = Global Nanosilver Market Value
/ ’ {Billion $)
993 Human health
care
Anti-oxidat
Water treatment

C—“’S’ GosReports
2019 Glabal Que-Siop Reporis Center




Background: nanosilver

AgNP concentration in the environment

Table 1. Predicted Environmental Concentrations (PECs) of
Highly Produced and Used Nanoparticles in Three Major
Pathways in the Environment

nanoparticle

Ag

PEC, pathway into environment
0.088—10 000 ng/L, surface water
0.0164—17 pug/L, WWTP effluent
1.29—39 mg/kg, WWTP sludge

TiO,

ZnQ

carbon-based

21—10 000 ng/L, surface water
1—100 pug/L, WWTP effluent
100—2000 mg/kg, WWTP sludge

1—-10 000 ng/L, surface water
0.22—1.42 ug/L, WWTP effluent
13.6—64.7 mg/kg, WWTP sludge

0.001—0.8 ng/L, surface water
3.69—32.66 ng/L, WWTP effluent

0.0093—-0.147 mg/kg, WWTP
effluent

“WWTP: wastewater treatment plant.

ref
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26, 28
26, 28
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26, 31, 32
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26
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(Anal. Chem., 2013)



Key Questions & Hypothesis

d Environmental exposure: low dose & long term
d is there selection on anti-silver microorganism?
3 Will there be cross-resistance to antibiotics?

d Mechanism?

(ACS Nano, .
BioavalableAg & _ - 2017) _ nglh .dose, acute
Silver resistance determinants have trvicity.....

increasingly been detected in a wide
range of clinical and environmental
microorganisms isolated from “ordi-
nary” spots such as hospitals and
industrial sites to “exclusive” locations
including the water management sys-
tems of the International Space Station.




Experimental

d AgNP characterization (Ag* or nanoparticle?)

d E coli was exposed to 0.02 ug/mL (1/100 MIC,,) of AgNP, for
more than 200 subcultures (> 1yr).

 Monitor the changes in phenotypes (i.e., morphology, growth
rate, change of minimal inhibition concentration MIC)

3 illustrate the adaptive mechanism (based on transcriptomic
and genomic analysis)

U Potential cross-resistance to antibiotics




Results and discussion

* No obvious
morphological

change
) A\
05 == E. coli
. . == E. coli + 1.20 mg/L. AgNPs
* After acclimation, no 06 [ B AT

growth inhibition in .
response to ¥2 MIC gm-




1st question: What are the working
species? Silver ion or
nanoparticles?
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2" question: anti-silver ion or
nanoparticle? Mechanism?
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Anti- Silver ion Anti-
nanoparticle

Outer membrane

Periplasm /

Ag+ He 8

..................

Inner membrane




spent medium spent medium
from E. coli from E NP

+ AgNPs +AgNPs

medinm

+AgNPs

* No anti-
nanoparticle
effect




 Anti-silver ion via Cu-efflux
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* Enter cell via Trojan-horse mechanism
* Release ion inside cells

* Develop adaptive response in order to eliminate



3rd question: Is there co-selection on
antibiotic tolerance? Mechanism?
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* Over-expression of multidrug resistance genes
(efflux pump, porins).




125

100 |

75

50

Survival of bacteria
(relative to control)

25 ¢

10 20 30

Concentration of H,0, (mM)

Multi-species tolerance:
v Ag+*, Ag nanoparticles, Cu?+

v H,0,, Mn2*

v multi-drugs

Percentage of OD
(Relative to E. coli alone)

[y
(]
(=]

[y
[~
=

80 1

60 1

40 ;

20 1

0 100 200 300 400 500 600
Mner concentration (mg/L)

{

‘.___'-‘\‘:\“‘ Signaling function
(»~_\x 02 S

m C S ..@
ONOO'L H,0, =21
1

e GPX, PRX e

O,
- [4Fe-as2* Fe?*
1

v . Haber-Weiss
NO, OH’ Hoz [Fenton reaction

CO; NO; [4Fe-4S]* Fed*

o :
) OH



N

0.60 g1 AENPs * High ROS content in

1.20 mg/L AgNPs

| - adapted cells

* Without NP exposure,
ROS content increase
~50% In adapted cells
relative to wild type.
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Fod change of ROS content
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Oxidative stress response
Activation of regulators
Up-regulation of scavenging
enzymes

Repair of cellular damage ‘

* No ROS production under acute exposure to 0.02 mg/L AgNPs
* High content of ROS after chronic exposure




I]) The most enriched GO terms (up-regulated)
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Oxidative stress induced DNA
instability

Enriched functions potential related to virulence
development:
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d High mutation rate

J Mutations at :
copper efflux pump
general stress
DNA repair (SOS)
antioxide
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Conclusions

 Bacterial evolution was observed upon chronic exposure
to low dose of AgNP.

d Co-development of multi-species tolerance (metal ions,

nanoparticle, antibiotics, and oxidant) due to intracellular
ROS stress.

dStress-related DNA instability, and high mutation rate.

J Are we making a future superbug?
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