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Some Problems of Nanomaterials in Bioanalytical Applications

Song, Yanchao” Liu, Junxiu*” Zhang, Yangyang" Shi, Wen" Ma, Huimin**
(“ Beijing National Laboratory for Molecular Sciences, Key Laboratory of Analytical Chemistry for Living Biosystems,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(® Department of Otorhinolaryngology, Peking University Third Hospital, Beijing 100191)

Abstract By taking the three commonly used CdTe quantum dots (CdTe QDs), Au nanoparticles (Au NPs) and carbon
nanodots (C-dots) as example, we have demonstrated and summarized some noteworthy problems of nanomaterials in bio-
analytical applications. These problems mainly include the toxicity, microscopic heterogeneity and environmental susceptiv-
ity of nanomaterials, which had been separately discussed with different depths but unfortunately are often overlooked in
practice. In the present work, a parallel comparative investigation was first made on cytotoxicity, which reveals that CdTe
QDs can lead to the decrease of cell metabolic activity, cell shrinkage, and even cell death; Au NPs at a higher concentration
(30 pg/mL) decrease the metabolic activity of cells to a small extent; C-dots exert no obvious toxicity to live cells, showing
good biocompatibility. These studies indicate that the relative toxicity of the three nanomaterials in their bare forms is CdTe
QDs> > AuNPs>C-dots, which is further supported by the inhibition experiment on the growth of green gram sprouts. Sec-
ond, the microscopic heterogeneity of nanomaterials was compared with that of resorufin (a small molecular fluorescent dye)
by cell imaging experiments, which clearly shows that the distribution of nanomaterials in cells is much less uniform than
that of small molecular probes. Besides, the heterogeneity of both size distribution and surface modification/property of
nanomaterials is also unavoidable. Third, the environmental susceptivity of nanomaterials was studied, and the results
showed that spectroscopic properties of the above three nanomaterials are all sensitive to the pH change of solution. More-
over, AuNPs are also rather susceptible to the ionic strength of solution. The above three problems should arouse high atten-
tion of researchers in some bioanalyses. In addition, the measures that we suggested in the paper may be helpful to solve
these problems to some extent.
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environmental susceptivity; bioanalysis
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Figure 1 Viability changes of HeLa cells after 24 h incubation with
CdTe QDs, Au NPs, and C-dots at varied concentrations (the viability of
the cells in the absence of the nanomaterial is defined as 100%). The
results were the mean = SD of 5 separate measurements. The experi-
ments were made as described previously!'”
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A .. .
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Figure 2 The differential interference contrast (DIC) images of HelLa
cells treated at 37 C for 24 h with different nanomaterials (A: CdTe
QDs; B: AuNPs; C: C-dots) at various concentrations (0, 10, 25, and 50
pg/mL). Scale bar, 10 pm. The experiments were made as described
previously!'!
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Figure 3 Fluorescence images of HeLa cells after incubated with (A)
CdTe/ZnTe QDs (30 pg/mL), (B) C-dots (50 pg/mL), and (C) resorufin
(10 pmoleL ") at 37 “C for 2, 6, and 0.5 h, respectively. Scale bars, 20
um. Fluorescence imaging experiments were made as described previ-
ously!®!
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Figure 4 Fluorescence spectra of 60 pg/mL CdTe QDs (prepared with
MPA as ligand) in different pH solutions adjusted by diluted NaOH or
HCI. 1,=500 nm
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Figure 5 Color change of AuNPs (6 nmolsL ') in aqueous solution with
various NaCl concentrations (A: 0 mmoleL '; B: 10 mmol<L'; C: 25
mmolsL"; D: 50 mmolsL"'; E: 100 mmol-L ")
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