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Statement of Purpose: Quantum Dots (QDs) have 
received tremendous attention due to their unique optical 
properties and potential to replace conventional organic 
dyes due to their low resistance to photobleaching. In 
developing multifunctional QDs for applications such as 
the targeting and treatment of disease, the ability to 
control the number of molecules conjugated to the surface 
is critical. In this study we present results demonstrating 
the ability to control the surface coverage of a 
bioconjugated fluorophore. Using this bioconjugation 
strategy, we demonstrate selective targeting of pancreatic 
cancer cells in vitro.

Figure 2. a) PL intensity  vs. wavelength,  b) PL peak 
intensity vs. the number fluorophores per reactive site.

Methods: Cadmium selenide QDs were synthesized from 
a CdO precursor1 in trioctylphosphine oxide with 
hexadecylamine (HDA), and n-hexylphosphonic acid as 
surfactants. The QDs were transferred to water after 
conjugating with mercaptoundecanoic acid. The QD 
suspensions were then mixed for 2 hours with different 
concentrations of fluorophore, AMCA-X,se (6-((7-amino-
4-methylcoumarin-3-acetyl)amino) hexanoic acid, 
succinimidyl ester, Em. 442 nm) after activation.2  From 
the average QD diameter (about 6 nm) and a sulfhydryl 
footprint of 0.2 nm2, we estimate a total number of 
reactive sites of about 1000 per QD.  The fluorophore 
concentrations correspond to between 0.01 - 1 per 
reactive site or 10 – 1000 per QD. After incubation, the 
QDs were filtered through a 100 kD filter by centrifuging 
twice at 1000 g for 10 minutes to remove excess 
fluorophore. QD-OH and QD-antibody (Ab) conjugates 
were prepared using the same approach. 

Results: Figure 2 shows results from experiments where 
COOH-terminated QDs were conjugated with different 
concentrations of the fluorophore AMCA-X,se.  The 
fluorescence at 442 nm increases with increasing 
fluorophore concentration, indicating a progressively 
increasing number of fluorophores per QD.  In order to 
compare results, the spectra are normalized to the peak 
QD emission at about 620 nm.  In Figure 2b, the 
fluorescence intensity of the fluorophore is plotted versus 
the fluorophore concentration on a log – log plot.  The 
results indicate that the surface concentration of the 
fluorophore increases linearly with concentration over at 

least two orders of magnitude.  Furthermore, these results 
demonstrate our ability to control the number of surface 
bound molecules. 

We have exploited our bioconjugation scheme in 
attaching antibody (mesothelin) overexpressed in 
pancreatic cancer to our QDs.  Using the results shown in 
Figure 2, we estimate a surface coverage of about 10 
antibodies per QD. Without careful control of the 
bioconjugation process and removal of aggregates, the 
targeting is heterogeneous and characterized by 
nonuniform fluorescence over the cells (Figs. 3a and 3b).   
However, by carefully controlling the bioconjugation 
process, uniform and highly specific targeting was 
observed (Figs. 3c and 3d). This is emphasized by 
comparison to experiments where the pancreatic cancer 
cells were exposed to OH-terminated QDs (no antibody) 
and exhibited no fluorescence (Figs. 3e and 3f).    

Figure 3. (a) Phase contrast and (b) fluorescence 
images of MIAPaca-2 cells incubated with anti-
mesothelin where care was not taken in surface 
functionalization. (c), (d) same cells incubated with 
QD-Ab conjugates.  (e), (f) same cells incubated with 
QDs conjugated with OH terminal groups (no Ab).  

Figure 1. Schematic illustration of surface 
bioconjugatioin to produce QD-OH, QD-Ab, or QD-
fluorophore conjugates.  

Conclusions:  These results demonstrate that we can 
quantitatively control the number of molecules conjugated 
to QDs. Furthermore, we have shown selective targeting 
of QD-Ab conjugates to pancreatic cancer cells in vitro.
References:   
1. J. Park et al. J Phys Chem C, 2008; in press 
2. Hermanson, G. T., Bioconjugate techniques. Academic 
Press: San Diego, CA, 2008 


