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NANOPLASMONIC DRESSINGS TRANSDUCER REGENERATION VIA NANOCAVITATION
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Pseudomonas aeruginosa (PA) biofilms in wounds * The nanoplasmonic device was integrated with a transparent
wound dressing (Nexcare Tegaderm, 3M), to create the

nanoplasmonic dressing (Figure 3A).
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* Nanocavitation was performed to regenerate

* Bacterial biofilms in wounds contribute to infection and delay wound healing. the transducer surface.
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* Pseudomonas aeruginosa (PA), a gram-negative bacteria, is among the most common bacterial species observed in wounds

* SERS measurements were performed before
and is known for its ability to form biofilms.
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* The presence of PA biofilms in wounds is associated with negative wound outcomes. Wounds containing PA biofilms are Structural properties of the nanoplasmonic dressings

often larger in size and experience prolonged duration compared to wounds that do not contain PA biofilms. * Ultra-flexible and porous structure for an inflammation-free
interface with the wound bed (Figure 3B).
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Conventional Detection methods and their limitations * Uniformly distributed plasmonic transducers over large areas for

1. Clinical signs and symptoms: Wounds colonized with PA may exhibit a greenish color or emit a sweet odor due to the reliable :-;patlotemporal analysis (Figure 3C). o quantitative trends after nanocavitation, Ralr)nan Shl.ﬁ (1/(:(m) Raman shift (1/cm)
production of pyocyanin, a blue—green pigment that causes oxidative stress in the host. However, high bacterial loads are * Mechanically adhered transducers for long-term stability. indicating improved and reliable access of B yocyanin pea C Blood p‘?a'?
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2. Ex-situ microbiological analysis: PA infection confirmation through culture-dependent methods takes 24—48 hours, further SERS Nanocavitation 6A-B) '20.03 | == NaANOCAVitation g’ 0.01
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3. In-situ receptor-based sensing: While various receptor-based biosensors exist, they suffer from poor long-term : HH faser : serum proteins S|gn.|f|cantly reducec?l after = 'EO'OO5
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lacks comprehensive information for therapy guidance, such as bacterial strain and biofilm state information. Vibrational E,. .............................. Figure 6. A) SERS spectra acquired before and after nanocavitation. The corresponding peak intensities from
spectroscopy (e.g., Raman spectroscopy) provides molecular fingerprint information for a more comprehensive analysis but ‘1Q B) pyocyanin (1350 cm') and C) serum protein(1000 cm').
lacks the sensitivity for non-invasive in-situ operation. &

LONG-TERM IMAGING OF PA BIOFILMS IN WOUND MODELS

Surface-enhanced Raman spectroscopy (SERS)
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imitations of state-ol-the-art hanopiasmonic devices impeding wound-interface Imaging wound model, whereby PA was inoculated into wound-like in biofilm formation, as reported in previous studies (Figure 7B). A positive correlation between pyocyanin production and
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(Figures 5A-B).

* The model recapitulates both nutritional environment B
conditions and biofilm phenotypes observed in vivo during
wound infections.

availability of oxygen in those regions (Figure 7C).

CONCLUSIONS

* Nanoplasmonic SERS dressings were developed for the inflammation-free and long-term imaging of PA biofilms in wound

2. Biofouling of the transducer surface: Long-term sensing in protein-rich wound environments is challenging because the
plasmonic transducers can get fouled by the proteins, preventing other molecules from accessing the transducer surface
(Figure 2B). Therefore, transducer regeneration methods need to be developed.

¢ Three different PA strains were used

, models.
A B £ * PAO1: Wild type.
- ) ! ] ) ) * A transducer regeneration method utilizing plasmon-induced nanocavitation was developed, enabling long-term sensing in
N O B vP A transd i hod utilizing pl induced itati developed, enabling | ing |
* PAO1ptsP: Mutant strain associated with protein-rich wound environments.
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R 4 _ ) ) ] * Long-term imaging of PA in wound models was successfully achieved, with strong signals from pyocyanin within 6 hours and
/ N — . P,IAOleIpF. l:(lu;cﬁret'\s;c;am a;soqatec(i: W;th- | : distinctive strain-specific temporal trends, highlighting the potential for rapid strain-strain-level detection.
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