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Water droplets in air have a non-contact and three-dimensional air-water interface because the
interface is maintained owing to its surface tension. In the present study, we investigated chemical
and biochemical reactions in water droplets floated using an acoustic levitation device with
ultrasonic waves in air. In particular, the click reaction in the levitated droplet proceeded
approximately four times faster than that in a test tube, whereas most reactions proceed without
a decrease in conventional flasks. Furthermore, the target proteins were highly expressed in the
collected cells after the culture cell suspension was levitated for 4 h for transfection. The
treatment with endocytosis inhibitor indicated that expression was improved by the enhancement
of macropinocytosis. Our results suggest that the levitated droplet is available as a chemical and
biological flask with advanced functions.
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Figure 1. Three-dimensional (3D) air-water
interface. (A) Schematic representation of 2D
(water in trough, left) and 3D (droplet, right)
interface. (B) Single-axis ultrasonic levitator used
in this study. Three (two 5 puL and one 10 pL)
levitated droplets are shown.
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Figure 2. Organic synthesis reactions in the
droplet. (A)

polymerization. The polyacrylamide gel obtained

levitated Polyacrylamide
was collected with a cotton swab. (B) Cu(l)-
catalyzed click reaction. The reaction was

completed within 5 min.
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Figure 3. Enzymatic reaction in a levitated

droplet. (A) Chromogenic reaction of o-
phenylenediamine (OPD) catalyzed by
horseradish peroxidase. (B) Agarose

electrophoresis of plasmid DNA after digestion by
restriction enzyme. !
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Figure 4. Influence of levitation on the cell
viability. Huh-7 cells were levitated for 4 h and

then subjected to trypan blue exclusion assay.["!
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Figure 5. Plasmid DNA (pDNA) transfection by
levitation. (A) The cell suspension was mixed
with the pDNA complex and the mixture was
levitated for 4 h. (B) Luciferase activity of the cells
levitated for 4h was greater than that of the static

and shaken cells.
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