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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 (a) Schematic drawing of the x-ray single-molecular detection system for individual DNA molecules in aqueous
solutions (not to scale). DXT traces the displacement of the single diffracted x-ray spot from the one-dimensional
Si/Mo nanocrystal, which is linked to the individual DNA molecules. The diameter of the nanocrystal and the
DNA molecule are about 30 nm and 2.5-3 nm, respectively. (b) Schematic drawing of the sample of physical ad-
sorbed Si/Mo nanocrystals on the Au/quartz. (¢) DXT monitors the behavior of a single lever arm domain with
the guidance of diffraction spots from the nanocrystal which is tightly coupled to the observed lever arm domain.
The N-terminal of the myosin molecule is bound to the surface of the quartz substrate. The C-terminal of the in-
dividual myosin molecule is reacted with the single nanocrystal.
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Protein molecules

(a) (b)

Fig. 3 (a) The number of reacted sites with the labeled nanocrystal
is expected to single site in the observed protein molecular
unit. In order to control the number of labeling cysteine sites
in protein molecules, we utilized a mercury compound to oc-
cupy the remaining cysteine sites. (b) Individual fluorescent
semiconductor nanocrystals (Quantum Dots: QDs) is encap-
sulated in the hydrophobic core of a micelle composed of a
mixture of n-poly (ethyleneglycol) phosphatidylcholine
(PEG-PE) and phosphatidylcholine (PC) to be solubilized
in aqueous solutions. The part of red circle is only reacted
with the protein molecules.
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Si/Mo Multilayer

PMMA
Si substrate
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Fig. 4 Cross-sectional view of the fabricated substrate to make the
artificial nano-particles. Silicon dioxide beads were used as a
model protective coating array because the rate of the reac-
tive ion etching with SiO, is much lower than that of the Si/
Mo multilayer. The diameter of the SiO, beads is about 0.1
um. A thin polymer (polymethylmethacrylate: PMMA) film
was used to separate the Si/Mo multilayer from the silicon
substrate. The Image of Scanning Electron Microscope is
shown the Si/Mo nano-particles on the Si substrate after the
reactive ion etching (RIE). Although the etching rate of
SiO, with oxygen is smaller than that of Si/Mo multilayer,
there are the nano-particles of the Si/Mo multilayer under
SiO, beads. The part of square-box is assigned to the nano-
particles of the Si/Mo multilayer in SEM images. The scale
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TAOE#H R LR RTRETH 72, £ T, TOBREDR
RTh 5T/ fEERFEOBKME 2 BHARMEICZE 2 7D R
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e AR L (Fig. 5. C OFHEIEMERE &5
COBDAEARG T & DIIEHRICHEL 7o\ T & IIHERE
ARTH 5,

CONaCl EW ETOIVY R+ v VEETRICE VT
FHHLKFIL, SETOERERLOUTO 4 STk 5,
OEBERFOEBEREVEEROEFEED) 7 ——V v 7
BERT == VI ROENTH 5, GIONTHERM R 77
ELLFCICHMTELD, ORI FHRTE a7, Y
W, ZRE LT CIC800ERIHRO T —— 1 V7 IREA
ARSI ®T, DT 5 ARG LB TOERMEK R »
4 FEW EICHEAE L 770 5 72 NaCl AEZErh TEiRIC X
OLEN/Z/2DITHEIN/I-DR, TN T—EBEZEZREND
HLT o7 ==V v 7 RKENTEHNBZTS Z2ICL

bar at bottom right shows 200 nm. 770 BRI MPa BBEIC L IMETE WA, 72—
Evaporation l
Growth of Au island — S-SR (1pm X 1pm)
MgO, NaCl (100) R
Desorption using solutions . ]
MgO, NaCl (100)
Dispersive nanocrystal l
jé%éé NS 1.00
using some detergents
Fig. 5 We used gold nanocrystals (thickness=10nm) fabricated by vacuum-evaporation on NaCl (100) surface at 800
°C for 5 min. The gold nanocrystals were separated from a NaCl substrate (10X 10x 1 mm) by the solution (50
mM Tris/HCI, pH=8.0) containing some detergents. We confirmed that the diameter of a gold nanocrystal is 20—
30 nm by Scanning Electron Microscope, Atomic Force Microscope, and Dynamic Light Scattering. The AFM
image is shown.
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Direct Beam
_ Stopper

Fig. 6 The photograph of the instrumental arrangement for
Diffracted x-ray tracking method. We used the white X-ray
mode (Laue mode) of beamline BL44B2 (RIKEN Structural
Biology I1, SPring-8, Japan) to record Laue diffraction spots
from nanocrystals. Photon flux at the sample position is esti-
mated to be about 10'5 photon/s/mm? in the energy range
from 7kV to 30 kV. The x-ray focal beam size is 0.2 mm
(horizontal) X 0.2 mm (vertical). A diffraction spot was
monitored with an X-ray image intensifier (Hamamatsu
Photonics, V5445P) and a CCD camera (Hamamatsu Pho-
tonics, C4880-82) with 656 X 494 pixels.
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Fig. 7 Examples of the diffracted spots from the single Si/Mo
nanocrystal which is linked to the adsorbed DNA molecules
in aqueous solutions appeared as brightly shining dots
(white-blue). Frames are spaced at 180-ms intervals. The
total observation time was 1 s.
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Diffracted X-rays
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Fig. 8 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 immobi-
lized BR S35C were filled with the oxygen scavenger system
(25 mM glucose, 14 mM 2-mercaptoethanol, 10 nM catalase
and 2.5 uM 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. 9 Displacement of § (465, and A6,9) of observed diffracted spots with ~570-nm and ~400-nm lights.
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Fig. 10 Curves of mean square displacement (A46?) of the observed

diffraction spots from the labeled nanocrystals as a function
of time interval At among three regions for analyses of
Brownian motions. Six symbols represent the experimental
results for 70 diffracted spots, while solid curves show the
theoretical curve fittings.
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Nano—sized primary x-ray probe

Labeled naoncrystal

Physical trapping

Fig. 11 Schematic drawing of the idealistic nano-sized primary X-
ray beam to the labeled nanocrystal. There are no directly
radiations of the individual observed protein molecular u-
nits.
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Single molecular detection system using X-rays

Yuji C. SASAKI SPring-8/JASRI, JST/CREST SASAKI-team

1-1-1 Kouto, Mikaduki, Sayo, Hyogo 679-5198, JAPAN

Abstract In-vivo measurements of dynamical conformational changes in single-biomolecules under func-
tional conditions have had a tremendous impact on molecular and cell biology. However, even single-molecule
fluorescent resonance energy transfer cannot easily monitor the intramolecular dynamics in cell systems due
to shortcomings in monitoring precision. Here we report dynamical observations of intramolecular conforma-
tional changes in a single DNA molecules and protein molecules, especially membrane protein (Bac-
teriorhodopsin: bR) using diffracted x-ray tracking (DXT), which is a new single molecule experiments with x-
rays, monitors the rotating motions, rather than the translational motions of a labeled nanocrystal. In bR ex-
periments, the position of BR’s 35th amino acid, which is located farthest from retinal, exhibits a momentary
positional jump of 0.73+£0.48 A due to the expression of its function. The average width of this jump is about
14 times larger than that of thermal Brownian motion and agrees with estimated movements from known X-
ray crystallography data. This result is an important step toward to in-vivo observations of single-molecular
conformational changes in membrane proteins.
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