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Molecular Imaging with Surface-Enhanced Raman Scattering in a Cell
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Light scattering at a molecule contains the information on the molecular vibration in its spectrum. It has
been used for detection and the analysis of species of molecules, structures and environments. This light
scattering is called Raman scattering. Raman scattering analysis does not require the labeling of molecule
so that it is useful in particular for observing bio—molecules in living cells. For bio application, near
infrared and visible lasers are used to make Raman scattering since Raman scattering is a weak optical
phenomenon, so that it is difficult to observe biological activities in a short time. Hence, a method is
developed to enhance the scattering efficiency by putting the biomolecules on the metal surface. This method
is known as surface—enhanced Raman scattering (SERS), that has been intensively studied. Metal surface for
SERS has fine surface structures in nanometer scale. Sharpened tips and nanoparticles also have been used
for the nanoscopic observation of nanomaterials including carbon nanotubes and grapheme.

In this thesis, I present a method with use of SERS technology of dynamic imaging of molecules in a
living cell. Ametal nanoparticle is used as amolecular sensor based on SERS mechanism. The particle dynamically
provides Raman spectrum of molecules near the particle. The nanoparticle can move freely or mandatorily inside
a cell by the cellular function. The position of the particle is detected by a position-sensor (CCD), and
the molecule and environment at the particle position is obtained as a Raman spectrum.

I have developed a three—dimensional nanoparticle tracking system combining with a confocal Raman
microscope for realizing tracking a metal nanoparticle ina living cell with SERS measurement. The nanoparticle
tracking system consists a dual-focus dark-field imaging system. Motion of the nanoparticle was captured by
the tracking system and SERS was simultaneously detected with a feedback system to keep the beam focusing
on the nanoparticle with 100 ms/frame. I have analyzed the SERS dataset statistically to find molecules strongly
correlated the particle motion

I have functionalized metallic nanoparticles to probe the change in pH that provides chemical conditions
around the particles during the transportation process. p-mercaptobenzoic acid (pMBA) was adsorbed on surface
of silver nanoparticle. pMBA changes its structure by protonation or deprotonation depending on the local
pH. The structure change is detected by SERS. This pH change is measured temporally and locally at the particle
through Raman spectrum measurement in nano—scale

I also studied the mechanism of a motor protein, F1-ATPase with the metallic particle. F1-ATPase is
a protein to synthesize an ATP with ADP and Pi with rotating like a motor. This rotation is step—by—step motion.
This synthesis as a chemical reaction can be detected as the change in Raman spectrum. I have fixed a gold
nanoparticle to the rotational unit of the F1-ATPase. The particle motion according to the rotation of F1-ATPase
is detected with a dark-field microscope. A few—tens—nanometer step—-wise motion measured in the dark—field
microscope and Raman spectrum every a few hundreds seconds are simultaneously measured. This result indicates

the possibility of single molecule detection with SERS
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