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3.2 Nanoparticle Characterization 
 

3.2.1 AuNP 
 

Quantification of AuNPs was carried out using the absorption peak at 520 nm (Figure 

19). From this absorption the concentration of the stock AuNP solution was found to be 13.97 

nmol/L. All further experiments involving AuNP were conducted using dilutions of this stock 

solution.                                 

 

 

Figure 19: UV-Vis Spectra of a 1 in 10 Dilution of AuNP solution. Quantification was done using the peak at 
520 nm and the extinction coefficient of 270000000 cm-1M-1. 
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Figure 30: Decrease in Quantum Dot Fluorescence over time. Used to generate a correction for QD 
fluorescence after a prolonged period of time. 
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Figure 31: Quenching Experiment using a 1 to 1 ratio of conjugated QD and conjugated AuNP. Values were 
corrected using calibration curve for QD fluorescence decay over time. Concentration of AFB1 was half that 
of the QD/AuNP. 
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Challenges arose when attempting to perform conjugation experiments, resulting in 

numerous experiments needing to be conducted. Results from characterization led to positive 

proof that conjugation was able to occur. AuNP conjugation was confirmed using the 

colorimetric salt test on both samples containing DNA and not containing DNA. High 

concentrations of salt are known to cause aggregation of AuNPs, by disrupting electrostatic 

forces keeping particles apart. Charged ligands attached to AuNP can shield from the effects of 

additional salt, which was seen when comparing two samples having equal amounts of salt 

added. While some aggregation occurred in the DNA containing sample, the solution was able to 

retain its red colour characteristic of AuNP. The bare AuNP solution however was found to 

aggregate upon addition of the same amount of salt. Quantification of the DNA in the filtrate was 

attempted, but the overlap at 260 nm of bare Au (Figure 19) with that of DNA resulted in 

inconsistent concentrations of DNA being calculated.  

Confirmation of QD conjugation was more complicated. UV-Vis was attempted to 

quantify the DNA on the QD samples, but QD absorbance overlaps with that of DNA at 260 nm. 

Thus, different measures were taken to confirm QD conjugation. TEM and EDS were used in 

tandem to examine a sample of conjugated QDs. These samples had been desalted to remove as 

much background as possible. When observing these samples, there were two distinct regions 

found in the conjugated samples. One region looked similar to bare QD’s, while the second 

appeared clouded on TEM. This clouded region also contained more phosphorus content when 

examined with EDS. This high phosphorus level was assumed to be the phosphate backbone of 

DNA, and aided in confirming conjugation. 

 After successfully performing the conjugation, experiments with 3MR5-tagged AuNP, 

and RCP-tagged QD were performed to see if a working assay could be developed. During these 
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experiments, it was seen that the fluorescence of the conjugated QDs decreased over time. QDs 

are more resistant to photobleaching then organic chromophores, so photobleaching was not 

thought to be the cause of the fluorescence decay. However, QD stability in solution decreases 

over prolonged periods of time leading to degradation of the nanoparticles.58 These QD were 

purchased 1 year prior, and as such they may have started to degrade. To counter this, a 

calibration experiment was done alongside the normal fluorometric experiment in order to 

account for this loss in fluorescence (see Figure 30). Using statistical functions, a calibration was 

performed and the results of the fluorometric experiment were corrected. This correction was 

calculated by taking measurements of the fluorescence of the QD at intervals over the whole 

spectrum. Time was recorded when measurements began for all samples and thus could be used 

to determine how much fluorescence had been lost. Since the calibration allowed us to know 

how fluorescence decreased over time for any wavelength, all one needed to know was how 

much time had elapsed from taking the first QD measurement and the current sample 

measurement in order to calculate the corrected fluorescence. This calculation was performed for 

all samples over all wavelengths measured. 

Once again, as expected, decrease in fluorescence was observed after mixing both the QD 

and AuNP samples (see Figure 31). After mixing AFB1 with the hybridized sample, recovery of 

fluorescence was expected, but no significant recovery was observed.  While there was some 

recovery seen, it falls within the error present in the experiment. Fluorescence recovery for this 

concentration of AFB1 was expected to be much larger as the concentration of AFB1 was only 

half that of the aptamer/capture probe. Maximum recovery would have been expected at 1:1 

ratios. RCP-Thiol was examined using mass spec and found to be indeed synthesized, and 
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3MR5-IDT had been purchased from the supplier directly and confirmed by MS. As such, purity 

was not considered the primary cause like thought previously.  

This lack of fluorescent recovery may be attributed to the binding affinity of the aptamer 

to the target molecule. The binding affinity of 3MR5 as mentioned earlier is not particularly 

strong being only 1.4 ± 0.7 μM, but other capture assays have been shown to work with worse 

binding partners.  

Another possible scenario is that hybridization is not effectively disrupted upon binding 

with the AFB1 target. In this situation, hybridization still occurs even after binding to target. The 

aptasensor system relies on the hybridization to be disrupted in order for fluorescent recovery to 

occur. Thus if the capture probe is not released effectively no recovery will be observed even if 

the aptamer binds to its target. This is further supported by the predicted structures described 

before. As stem loops still exist even in the hybridized predicted structures, it is possible that like 

with the organic chromophores AFB1 is not able to displace RCP even when bound. Failure to do 

so would result in the same lack of fluorescent recovery. 

Another possible reason for the lack of fluorescence recovery could be due to the 

conjugation itself. It is difficult to simply conjugate a single aptamer only to one nanoparticle. 

Multiple copies of the aptamer were likely conjugated to each AuNP, as well as multiple copies 

of the capture probe to each QD. A general depiction of this is seen in Figure 34. 
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Figure 34: Depiction of cluster formation. Due to multiple RCP being conjugated to a single QD, it is possible 
for two different 3MR5 conjugated AuNP to hybridize to a single QD (Left). Upon addition of AFB1 only one 
of the hybridized 3MR5 AuNP is able to dissociate from the QD, resulting in the continued quenching (Right, 
Circled). Thus the presence of small concentrations of AFB1 may not result in recovery of fluorescence. 

 

 This could result in nanoparticles being linked by more than one aptamer-

complementary probe unit, meaning that it would require multiple units of AFB1 to release one 

complementary probe from the cluster. The experiment was carried out with a 1:1:0.5 ratios of 

AuNP, QD, and AFB1, so it is possible that the creation of these clusters is what prevented the 

recovery of fluorescence from occurring, and that excess amounts of AFB1 would have been 

required to see any recovery of fluorescence. The presence of these clusters allows for 

cooperativity to occur, resulting in an apparent increase in koff for the aptamer/capture probe 

system. Increases in avidity due to receptor clustering have been explored in the past as a means 

to increase binding affinity for different applications.59 In this scenario however, the increase in 

avidity would directly hinder the ability of the system to function. The aptamer/capture probe 

system employed relies on the dissociation of the capture probe from the aptamer when AFB1 is 

present in order to measure the fluorescent recovery. An increase in the avidity of the 

aptamer/capture probe unit would cause an apparent decrease in fluorescent recovery, as AFB1 

would not be able to effectively displace the capture probe due to clustering. As conjugating only 

a single sequence to the large nanoparticles is difficult, the only course of action would be to 

AFB1 
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