
We report on progress in the development of a simple micro�uidic device that enables 
simultaneous measurement of multiple �uorescence trajectories from single-molecules 
con�ned within attoliter-volume water droplets. The device is designed for use with a 
total internal re�ection �uorescence microscope with excitation through the objective. 
Similar to the observation of biomolecules tethered to a coverslip, we show that we can 
observe many molecular trajectories simultaneously using this device. In contrast to ob-
servations of surface-tethered molecules, molecules con�ned within droplets are free to 
di�use in the droplets and are less likely to be perturbed by a heterogeneous glass sur-
face. In this regard our method is analogous to con�nement of molecules within sur-
face-tethered liposomes. Unlike liposomes, attoliter-volume droplets can be mixed, po-
tentially facilitating single-molecule sensitive reaction dynamics. Our current device is a 
�rst step, permitting parallel observations of equilibrium kinetics in static droplets. To 
date, we have observed and will report on �uorescence resonance energy transfer 
(FRET) trajectories from DNA oligomers con�ned to droplets in this device.

Continuous phase: Per�uorinated oil

 Droplet phase: aqueous bu�er 
 - 40 mM Tris  (about 84,000 molecules)
 - 100 mM NaCl  (about 210,000 molecules)
 - 117M water molecules
 
 
 

        
        

     <d>=188 nm, <V> = 3.5 aL

surfactant 0.5 %w/w 
in per�uorinate

0.1 DNA molecule/droplet

5 nm

1:38 dispersed phase to continuous phase

Sample

Passive Glass Micro�uidic Device

9 mm
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Measurement of Droplet Size in situ

In this preliminary analysis, we used only droplets that were 
stationary within this device. The data are similar to what 
was observed for  molecules con�ned in freely-di�using 
droplets, but di�erent from what is observed for the same 
molecule in solution. These data are very new and the 
origin of this di�erence is as yet unknown. 

Preliminary Single-Molecule Trajectories

Acknowledgements

DBI-1152386

• Device channel height is nominally 200 to 300 nm
• Droplets in device can di�use only in 2D
• Sample (contained in droplets) is always in evanescent wave

Fluorescence Resonance Energy Transfer (FRET)

Images of droplets di�using in the 
micro�uidic device
 • A: �rst frame of image sequence
 • B: z-projection keeping maximum 
   intensities
 • 34.4 frames per second
 • Droplet radii are calculated using
   the Stokes-Einstein relationship
   where the di�usion coe�cient
   is determined by the Mean
   Squared Displacement (MSD)
 • Di�usion coe�cient, D, of each
   droplet is calculated from the  
   slope of a linear �t to the �rst 10 
   data points of of the MSD trace
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Just pipette in 0.5 ul of emulsion and wait 1 
to 10 minutes (depending on viscosity) then 
take images.

Designed to be used 
in through objective 
total internal re�ec-
tion �uorescence mi-
croscopy for reduced 
background and 
ease of use.

Aqueous droplets in-
dicated by blue dots
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Left: proximity ratio of all 82 recorded single-molecule trajectories
Right: proximity ratio of same sample in droplets and in solution
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