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Introduction:

The information of the locations of macromolecules inside the cell is crucial for understanding the
function of macromolecules and biological processes inside the cell. This research introduces a new
developed in-cell solid-state NMR technique for investigating this important issue in vivo environment
of Escherichia coli cells by empleying paramagnetism of gadolinium complexes to enhance magnelic
relaxalion rate of cellular proton. The spin diffusion of prolens spreads oul the elfecl of gadolinium
ioh and generates the locational dependence of relaxation rate. The appropriate gadelinium agent and
concentration were studied. The locations of macroemolecules were interpreted from the relaxation rates

of macromolecules.

Materials and methods:

The distributiens and toxicities of agua gadolinium and Gd-DOTA complexes were studied by monitoring
the water 'Il relaxation rate in nen-labeiled £ coli cell solution containing these paramagnetic agents

To study the location dopendence of relaxation rate by solid-state NMR, “C labeled cell sample was
treated with the appropriale gadolinium agent and [rozen. The relaxalion ordercd spectroscopy (ROSY) is
the method for resolving the solid-state “C-NMR spectrum based on the 'H relaxation rate. The relaxation
rate of frozen cells was detected by ROSY pulse. The proton magnetization is saturated first and relaxes
to the thermal equilibrium polarization along B during recovery time r... Cross polarization pulse then
transfers the 'H magnetization to the "“C magnetization. Therefore, the 'H relaxation process is monitored
as a function of r.. via high-reselution "C NMR spectra of biomclecules under magic-angle spinning.

The signals were assigned by comparing the experimental one—dimensional! 'C NMR spectrum with the
simulated cellular NMR spectrum and cross peaks of two-dimensional C NMR spectrum. The locational

dependence was analyzed by spin diffusion model.

Results and discussion:

The proton buildup curves of £ coff solutions at 0°C could be analyzed with a double exponential relaxation
equation, This shows that mosi of gadolinium complexes were distributed in extraceilular part of the sample.
The gadolinium solulion at 150 mM was high enough to distinguish between the intracellular and extracel lular
relaxation rate and provided good reproducible experimental results. Aqua gadolinium complex was shown to
have weak permeability to cell membrane and binding to cellular components with a dissociation constant £
of 1.0 m), leading to cytotoxicity. Despite of the similar cell permeability of Gd-DOTA complexes, this agent
exhibited much weaker binding to cell components leading to viability of the cells over a long experimental
time of days.

The buildup curve for overall proton signal of the cell sample treated with 150 md Gd-DOTA solution showed
two relaxation Limes of 108 ms and 393 ms for extracellular and intracellular proton, respectively, at —60°C.
The contributions of proton magnetization diffusing from intracellular and extracellular parts of the cell
causes the locational dependence of proton relaxation rates of phospholipid, sugar and nucleotide molecules.
The proton magnetization of lipids which compose the cell membranes relaxed quickly because of strong

paramagnetic effect from the exiracellular part, while that of nucleotide which are located deeply inside




the cell relaxed slowly due to small contribution of fast-relaxing magnetization diffusing from the
extracellular part. The spin diffusion medel computed using spin diffusivity of 0.8 nm%*/ms revealed that Lhe
Gd-DOTA cannot pass though the inner cell membrane. Therefore, this model could be used to analyze the relaxation

rate of macromolecules locating within a 20 nm of the centre of inner cell membrane.

Conclusion:

This thesis showed high-resolution solid-state NMR provided the £ cof/ cellular site information
semiquantitatively for biological macromolecules by using paramagnetism of Gd-DOTA as a relaxation
contrast agent. Thus this methodology enables solid-state NMR spectroscopy to study cellular structure

as well as biomolecular structure.
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