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Introduction
• Contaminated surfaces are a major vehicle for the 

spread of infectious diseases. 
• Photo-illumination of titania produces reactive oxygen 

species (ROS) and other free radicals (H2O2 and OH+) 
that can distort microbial cell membranes. 

• Many biocides are known to induce an adaptive 
multiple-antibiotic resistance phenotypes

• We tested the survival of microbes on nanostructured 
anatase rutile and carbon (NsARC) under a variety of 
light wavelengths and intensities. And also tested to 
find out if exposure of organisms to NsARC could 
induce an adaptive response.  

Methods
• Yeast cells were placed on 25✕25 mm   stainless steel, copper and NsARC coated coupons  and 

either exposed to light or kept in the dark for periods of up to 8 hours for antimicrobial activity 
testing or 48 hours for antibiofilm activity testing before recovery and counting. 

• Visualization of the morphology of the recovered cells was performed by scanning electron 
microscopy (SEM).

• To investigate the role of carbon in AMA of NsARC, As deposited NsARC samples were annealed in 
air and tested for AMA

• To determine if NsARC can induce the expression of genes associated with adaptive resistance to 
antibiotics, two reporter strains of E. coli, each having a plasmid construct that expressed the 
mScarlet fluorescent protein under the control of the promoters of these genes were tested as 
described above for 2 hours before recovery, paraformaldehyde fixation and viewing. 

• Digital images were captured and analysed. 

Figure 1: Survival of S. cerevisiae (yeast) on stainless steel, NsARC and copper after 8 
hours in the dark and exposure to UV, ambient and high intensity visible light. .

Results
• There was significantly less survival (Figure 1) and less biofilm (Figure 2) (P<0.001) on NsARC compared to uncoated stainless steel. 

• There was a marginal increase in performance of the heat treated (annealed) NsARC compared to the as-deposited samples (Figure 3). 

• E. coli expressing PtolC-mScarlet or PsoxS-mScarlet fusion genes were significantly brighter on NsARC than on stainless steel (Figure 4).

• Error bars are standard error of mean. Asterisks indicates P values. * :P<0.05, **:P<0.01, ***:P<0.001, ns: Not significant

Figure 2: S. cerevisiae (yeast) biofilm (A) recovered from stainless steel and on NsARC surface 
after 12, 24 and 48 hours. (B) SEM of biofilm on stainless steel and NsARC after 48 hours.

Conclusion
NsARC has antimicrobial activity under a variety of light intensities suggesting that the performance of the material can be regulated.
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A                                                                                  B
Figure 4: Single-cell brightness of E. coli expressing (A) PtolC-mScarlett and (B) PsoxS-
mScarlett protein on exposure to copper, NsARC and Stainless steel.

Figure 3: Typical image (A) of black as-deposited and white (after annealing) 
NsARC coating on fused silica. SEM of the top view of the surface morphology of 
(B) as-deposited (C) annealed NsARC coating and (D) comparison of the survival of 
yeast on stainless steel, as-deposited and annealed NsARC samples.  
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