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According to amyloid cascade hypothesis, P-amyloid (AP) 
aggregation in brain is a main cause of the pathogenesis of 
Alzheimer’s disease.1 AP oligomers are highly toxic to neuron, 
and thus their formation and characterization have been 
subjected to intensive studies for many years.2-5 However, any 
fluorescence probe, which is specific to AP oligomers, has not 
been reported yet. In this work, we first present the effective 
use of DND-189 as a fluorescence probe for amyloid oli
gomers. DND-189, which is commercially available, has been 
widely used as a pH sensor. Figure 1 shows the molecular 
structure of DND-189. The change of fluorescence quantum 
yield of DND-189 with various pH has been measured by the 
frequency modulation technique.6 They explained the lifetime 
change in terms of the degree of protonation to the weak base 
side chain. We are not aware of any time-resolved fluorescence 
studies on DND-189 in nonaqueous solvents or in other environ
ments.

DND-189 was purchased from Invitrogen and P-amyloid 1-42 

from Biopeptide, Inc. Lyophilized AP1-42 was dissolved in 
100% 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), evaporated, 
and resuspended in DMSO. The 5 mM stock solution was 
diluted at a concentration of 110 卩M in HEPES buffer (pH 
7.4). DND-189 was added into the solution at the equivalent 
ratio of 1:5 (DND-189 : AP1-42). The mixed solution was incuba
ted in a water bath for 24 hr with stirring at ambient temperature. 
Figure 2 shows the AFM image of AP oligomers dried on 
mica, showing mostly oligomers with some fibrillar struc
tures. Further processes such as ultracentrifugation and fraction- 
ization lead to a narrower oligomer distribution without any 
fibrillar structures.2 However, such an attempt was not made 
here because it would not occur in vivo. The fluorescence 
lifetime was measured by the time-correlated single photon

Figure 1. The molecular structure of DND-189.

counting (TCSPC) system. The sample was excited by a 467 
nm laser beam from a picosecond diode laser operating at 20 
MHz and the emission was collected with a fast PMT (Hama
matsu 3809-07) and processed with a TCSPC board from 
Becker-Hickl (SPC-830). The fluorescence lifetimes were 
extracted from the measured decay curves by a nonlinear least 
square fit and deconvolution from the instrument response

Figure 2. The AFM image of amyloid oligomers.

Figure 3. The fluorescence decay curves of DND-189 in buffer and 
in oligomers. The instrument response function was also shown.
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Table 1. The fluorescence lifetime of DND-189 in some solvents at 
room temperature. The dielectric constants of the solvents were also 
shown.

Solvent Dielectric constant Average lifetime (ns)

Methanol 32.7 0.54
Ethanol 24.3 1.22
Propanol 20.1 3.78
DMSO 48.0 0.78

Acetone 20.7 2.75
THF 7.52 5.37

function. For the fluorescence lifetime measurements, Ap 
oligomers incubated with DND-189 was diluted in HEPES 
buffer at the concentration of 1 卩M. Figure 3 shows the fluore
scence lifetime of DND-189 in buffer and in oligomers. The 
fluorescence decay curve is sin이e exponential in buffer and 
becomes multiexponential in oligomers. The lifetime of DND- 
189 was observed as 1.16 ns in HEPES buffer and 4.64 ns 
(average lifetime) in amyloid oligomers. The average lifetime 
was calculated by < t > = £a&. A slight multiexponentiality in 
the decay curve in oligomers seems to arise from the inhomo- 
geniety of oligomer distribution as shown by the AFM image. 
We also measured the fluorescence lifetime of DND-189 in 
fibrils, which is almost identical to oligomers (data not shown).

The fluorescence lifetime of DND-189 was measured in 
some alcohols and nonaqueous solvents such as DMSO, 
acetone, and THF. The fluorescence decays were all multiple 
exponential, and their average lifetimes were shown in Table 
1. The alcohol solvents were separately classified because it is 
known that their hydrogen bonding capability affects the 
excited state dynamics.8 It is clear that the fluorescence lifetime 
increases as the solvent polarity decreases. This indicates that 
the lifetime increase of DND-189 in Ap oligomers may be due 
to the polarity decrease, compared with buffer which has the 
higher polarity. It is also possible that the lifetime increase 

may be due to the rigidity in Ap oligomer environment.
Thioflavin T (Th T) is most widely used for the amyloid 

aggregation assay.7 Th T possesses high binding affinity to Ap 
assembly with accompanying the shift in absorption and 
emission spectra to the longer wavelength. Its excitation is 
usually carried at 430 nm and emission is recorded in the 
450-600 nm wavelength. However, Th T can be only used to 
Ap fibrils: It does not work for oligomers. Another advantage 
of DND-189 over Th T is that it is a lifetime probe rather than 
an intensity probe. Therefore, it can be used efficiently for 
fluorescence lifetime imaging microscopy (FLIM).9 DND-189 
can be excited with a longer wavelength, which holds a merit 
for some applications.

In conclusion, we have found a new application of lyso- 
sensor DND-189 as an amyloid aggregation probe. The average 
fluorescence lifetime of DND-189 increases from 1.16 ns in 
pH 7.4 buffer to 4.64 ns in Ap oligomers. Therefore, DND- 
189 can be effectively used for FLIM and an amyloid oligomer 
assay to find new aggregation inhibitors for Alzheimer's disease 
therapeutics.
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