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Figure S1: The hydrodynamic diameters for (solid line) unmodified/neutral and (dashed line) ACTA modified, positively-
charged pH-sensitive polyacrylamide nanosensors. 1 Positive and neutral nanosensors hydrodynamic diameters were 
centred at 37 nm and 45 nm, respectively. 
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Figure S2: The zeta potential values of unmodified polyacrylamide nanosensors and positively-charged polyacrylamide 
nanosensors, detected by a Malvern

TM 
DLS instrument. Error bar represent standard deviation measured for different 

batches of nanoparticles, where n=3.  

 

 

 
 
Figure S3. Fluorescence emission curve for (A) neutral and (B) positively-charged, ACTA functionalised, pH sensitive 
nanosensor, suspended in buffer solutions ranging from pH 2.52 to 8.10. (C) Comparison of normalised calibration curves 
for neutral and positive particles. Positive nanosensors exhibit a pH calibration curve that is shifted to higher pH values 
such that the pKa, calculated through derivation of a four parameter sigmoidal pH calibration curve, when compared to the 
neutral particles is 5.42 and 4.72 respectively. Error bars represent standard deviation (within data points), where n=3 
calibration repeats.  
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Figure S4: The fluorescent image of yeast cells incubated with unmodified polyacrylamide nanosensors (surface charge of 
2.26 ± 3.7 mV). The image was taken in the brightfield mode and red channel of the fluorescence microscope and shows 
that none of yeast cells were internalised with unmodified nanosensors. 

 

 

 

 

 

Figure S5: The fluorescent image of yeast cells incubated with unmodified polyacrylamide nanosensors using hyper-
osmotic sodium chloride method2. The image was taken in the brightfield mode and red channel of the fluorescence 
microscope which shows that all yeast cells were incorporated with nanosensors however, cells were morphologically 
abnormal. 
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Figure S6: The effect of yeast growth time on cellular uptake of positively-charged nanosensors (15 mg/mL). Yeast cells 
were normally grown for different times (12-36 hours) before incubation with nanosensors and the number of fluorescent 
yeast cells, loaded with nanosensors, was counted in the red channel of the fluorescence microscope and compared to the 
control, counted in the brightfield mode. 

 

 

 

 

Figure S7: Effect of different incubation time between yeast and positively-charged nanosensors (15 mg/mL) on cellular 
uptake. Fluorescence intensity of TAMRA (λex=545 nm, λem=575 nm) was used as an indicator for cellular uptake and 4 
hours incubation was selected as the optimised incubation time. Error bars represent standard deviation, where n=3. 
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Figure S8: Toxicity study of yeast, incubated with different concentrations of positively-charged nanosensors, using the 
colony forming unit (CFU) test3. The image shows Petri dishes for yeast colonies after incubation with different nanosensor 
concentrations. The graph shows the number of yeast colonies using at increasing nanosensor concentration, when 
compared to the control, yeast without nanosensors. Error bars represent standard deviation, where n=3. 
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Figure S9: False colour heat map images of yeast loaded with positively-charged pH-sensitive nanosensors. Images were 
taken prior to glucose addition to glucose-starved yeast cells (0 min) and after consecutive time periods of glucose addition 
from 1 minute up to 45 minutes. The colour map images were established by ImageJ®. Scale bar = 50 μm. 
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