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Nanomaterials have been used in various fields, such as cosmetic products. The skin, as the primary interface between the
body and the environment, provides the first line of defense against pathogens. We are especially interested in the motion of
nanomaterials in the skin. In addition to three dimensional (3D) motion of nanomaterials, their rotational motion is also crucial
to reveal their dynamics in tissue. To track nanomaterials at single particle level, first, we synthesized fluorescent probes
based on semiconductor nanocrystals. In previous period, we reported on rod-shaped nanocrystals, quantum rods (QRs), for
rotational measurement. In present period, we have developed a system that combines nanometry and nanomaterial science
to simultaneously measure 3D and rotational motion. Then, we demonstrated simultaneous 3D and rotational single particle
tracking of membrane receptors, CD36, in freshly isolated macrophages. The receptors were tracked three dimensionally at
nanometer accuracy and had their relative orientations determined simultaneously. The combined technology presented here
will be able to provide new information on motion and function of various nanomaterials in tissue, such as skin.
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Figure 1 (a) TEM images of QRs. (b) Distribution of width
(upper panel), length (middle panel) and aspect ratio (lower
panel) of QRs.
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Figure 2 Schematic representation for the preparation of
GSH-QRs. Four pictures show that QRs in tetrahydrofuran
(THF) (leftmost), after adding of GSH and heating at 70°C
(second from left), in water (second from right) and after
adding of potassium t-butoxide (KOBu,) (rightmost).
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Figure 3 (a) Fluorescent image of CdSe, CdSe/CdS (QRs)

and GSH coated CdSe/CdS (GSH-QRs). (b) Normarized
fluorescence spectra (lower panel) of CdSe, QRs and GSH-
QRs.
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Figure 4 (a) DLS histograms of GSH-QRs (blue line) and polymer
coated QRs (Poly-QRs, red line). (b) Autocorrelation functions
of GSH-QRs (blue line) and mAb-QRs (red line). The arrow
marks an increase in QR diffusion time.

Internalization

Figure 5 (a) Schematic description of the internalization of
mAb-QR labeled CD36 from the cell membrane to the
cytoplasm. (b) The merged image of fluorescent and
differential interference contrast (DIC). Red represents
mADb-QR signals through a band path filter (575— 675 nm).
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Figure 6 Optical setup for simultaneous 3D and rotational
single particle tracking. 1/2A, 1/2 phase plate; S, slit; BS,
beam splitter; L, lens; M, mirror; Pr, prism; CvC, convex
cylindrical lens; and CnC, concave cylindrical lens.
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Figure 7 Polarization dependency. (a) Fluorescent images
of a single GSH-QR on a coverslip simultaneously recorded
in p- (upper images) and s-polarizations (lower images).
The detection angle was changed from 0° to 180°. (b) The
relative fluorescence intensity of a single GSH-QR as a
function of detection angle.
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Figure 8 3D measurements. (a) Fluorescence images of a
single GSH-QR at various Z-positions ranging from —800
to 800nm. (b) Ellipticity as a function of Z-position at
various polarized intensity ratios (— 0.60 to 0.59).
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Figure 9 Simultaneous 3D and rotational tracking of CD36
in macrophages. 3D movements of a single mAb-QR. The
angle of the mAb-QRs is indicated by the color bar (bottom).
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