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Single Molecular Observations Using X-rays

Yuji C. Sasaki

(Received May 16, 2005; Accepted May 23, 2005)

Recently, we succeeded in vitro time-resolved x-ray observations of picometer-scale slow
Brownian motions of individual protein molecules in aqueous solutions. In this new single
molecular detection system, which we call Diffracted X-ray Tracking (DXT), we observed the
rotating motions of an individual nanocrystal, which is linked to the specific site in individual
protein molecules. Therefore, DXT can monitor dynamics of the individual molecules or
specific sites in individual single protein molecules. Now, we observed individual DNA molecules,
myosin head molecules, denatured proteins, protein membranes.
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Fig.1 Schematic drawing of the single molecular
detection system using x-rays (not to scale).
Diffracted X-ray Tracking (DXT) monitors the
behavior of a single special domain with the
guidance of diffraction spots from the nanocrystal
which is tightly coupled to the special domain.
In DXT, we directly monitor the rotating motions
of the labeled nanocrystal.
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Fig.2 We used gold nanocrystals (thicknessd 10nm)
fabricated by vacuum-evaporation on NaCl (100)
surface at 8000 for 5min. The gold nanocrystals
were separated from a NaCl substrate (10x
10x 1 mm) by the solution (50 mM Tris/HCI,
pHO 8.0) containing some detergents. We
confirmed that the diameter of a gold nanocrystal
is 200 30 nm by Scanning Electron Microscope,
Atomic Force Microscope, and Dynamic Light
Scattering. The AFM image of the annealed gold
nanocrystals is shown.
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Fig.3 Schematic drawing of the cross-sectional view
of DXT in the case of BR S35C. DXT monitors
the spots of diffracted x-rays from individual
nanocrystals that are tightly labeled with
individual BR S35C. Samples containing the
immobilized BR S35C were filled with the
oxygen scavenger system (25 mM glucose, 14
mM 2-mercaptoethanol, 10 nM catalase and 2.5
U M glucose oxidase) in 50 MM MOPS (pH 7.0).
The ratio of BR molecules to nanocrystals to
be one to one is able to be realized because
Hg compound (PCMB) first labelled with excess
sulfhydryl groups in BR S35C.
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Fig.4 Examples of the diffracted spots from the single Si/Mo nanocrystal which is linked to the adsorbed DNA
molecules in agueous solutions appeared as brightly shining dots (white-blue). Frames are spaced at 180-ms
intervals. The total observation time was 1 s. Displacement of 8 (AOs70 and A6 ) of observed diffracted
spots with 0 570-nm and O 400-nm lights.
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