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Development of various beam electromagnetic field by synthesizing spherical waves is established to 
deepen microwave power transmission technology. For the realization of space-based solar power system 
with large-scale microwave power transmission, early social implementation of terrestrial systems with a 
short distance and continuous development in the market are important. Progressive microwave power 
transmission technology for suppressing the interference with other wireless systems and the effect for the 
human body is required especially for the terrestrial systems. To deal with the problem, we investigate the 
ideal electromagnetic fields designed by the set of spherical waves, which are basis functions of Maxwell's 
equation. Two tasks for the further technological progress are focused in this study: miniaturization of the 
receiving antenna for the ubiquitous power source, and minimization of energy leakage for beam-type 
microwave power transmission. 

An operation principle of a high-directivity radiation phenomenon from the point source is clarified. It is 
well known the radiation from multipoles at the origin, which can be considered as the limit of small 
antennas, is the spherical wave. The high-directivity radiation phenomenon can be obtained by involving 
spherical waves of the different order. We derive the directivity of the synthesized spherical wave from the 
uncertainty relation of angular momentum and angle. It is also shown that the intrinsic wave source is 
assumed to exist on the surface of the cutoff region by the estimation of the effective aperture of the 
synthesized spherical wave (Fig.1). Moreover, we discover that multipoles can be replaced by a spherical 
dielectric resonator with finite size. By using a dielectric resonator that is smaller than the cutoff region, it 
is possible to realize a compact radiation system with the larger effective aperture than the physical 
cross-section. A design method for degenerating all spherical wave modes of the spherical dielectric 
resonator with a multilayered structure is developed (Fig.2). Degeneration of TE11-mode and TM11-mode 
is enabled by the spherical dielectric resonator structure with a center conductor. Degeneration of TE-mode 
and TM-mode of higher order is enabled by the spherical dielectric resonator structure with anisotropic 
permittivity. We also develop an evaluation method and equipment for spherical symmetry of the dielectric 
constant of a fabricated spherical dielectric resonator. The multilayered spherical dielectric resonator gives 
a basic structure of the compact receiving antenna for the ubiquitous power source. 

An effective design method of low-leakage microwave beam by synthesizing spherical wave is 
developed. Beam electromagnetic field is optimized to the minimum leakage for the input of the array 
antenna element. The beam electromagnetic field is obtained by combining outgoing and incoming 
spherical waves with the same amplitude. It is shown that a strict Gaussian beam without paraxial 
approximation is synthesized by spherical waves when side lobes of the beam are minimized. The design 
formula of the optimum beam waist radius according to the transmission distance is also derived. The 
effective range where the edge level can estimate the leakage power of the system is investigated by the 
simulation. Moreover, we propose a single-frequency retrodirective system using a beam pilot signal with 
the low-leakage beam design. The multipath propagation caused by the ground or the sea surface of the 
terrestrial microwave power transmission can be eliminated by using the beam pilot signal. It is shown that 
the retrodirective system operates stably even when the atmospheric refractive index has a spatial 
distribution. We also develop a dual-mode dielectric resonator antenna element ideally with infinitesimal 
dipole characteristics. The dual-mode dielectric resonator antenna is proposed as a common array antenna 
element for the beam pilot signal and microwave power. This involves a cross-shaped hemispherical 
dielectric resonator structure, and an isolation level exceeding 60 dB has been experimentally measured 
between the orthogonal ports of the fabricated antenna. The single-frequency retrodirective system 
improves the reliability of the terrestrial microwave power transmission. 

The comprehensive studies from the clarification of the principle for the compact antenna to the proposal 
of the terrestrial microwave power transmission system are pursued. This research is hoped to contribute to 
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Functional analysis of cellulose synthase was conducted with recombinant protein. Given its easiness, 
bacterial cellulose synthase is used in this study. First of all, cellulose-synthesizing activity was 
successfully reconstituted in living cell of Escherichia coli by expressing the minimal required subunits 
CesA and CesB of Gluconacetobacter. Then this system, named as “CESEC (cellulose-synthesizing E. 
coli)” was used for checking enzymatic activity of point-mutants, for which site-directed mutagenesis was 
designed based on the structural model of bacterial cellulose synthase published in 2013 [1]. The obtained 
data were consistent with this model and previous data, and furthermore spotlighted the pivotal role of 
sulfur–arene interaction by cysteine in FFCGS motif and surrounding aromatic residues. However, the 
product of CESEC was a non-native structure of cellulose II, indicating that the reconstituted activity was 
incomplete or partially denatured. It is then absolutely required to find missing factor(s) for the native 
cellulose synthase activity. CESEC will be one of the tools useful for identifying such factors by 
reconstitution approach in following researches.  

Introduction 

In general, recombinant protein allows variable experiments to be conducted like site-directed 
mutagenesis and large scale production of protein. It is therefore a useful tool to analyze protein. Cellulose 
synthase is enzyme of hetero-subunit complex in cell membrane. Given high difficulty to handle membrane 
proteins with complex associated however, fewer studies have been conducted for cellulose synthase with 
recombinant protein, and then our understanding of cellulose biosynthesis is limited yet. In this thesis, 
recombinant cellulose synthase was intensively used for exploring its enzymatic mechanism.  

Bacterial model was selected in this thesis given its convenience to use. First, cellulose-synthesizing 
activity was successfully reconstituted in living cell of Escherichia coli by conventional method of 
heterologous expression of protein. This system, which we named as “CESEC (cellulose-synthesizing E. 
coli), was then demonstrated to be useful tool for the study of cellulose synthase: effect of point-mutation 
to the activity was surveyed in order to explore catalytic reaction at the level of amino acid residue.  

Reconstitution of cellulose-synthesizing activity in E. coli [2] 

Expression vector of bacterial cellulose synthase 
was constructed by cloning cesA and cesB genes of 
Gluconacetobacter xylinus JCM9730, which are the 
minimally required subunits of bacterial cellulose 
synthase. These two genes are in a same gene cluster, 
and then introduced into the vector as it is, together 
with the upstream sequence of cesA gene 
(Shine-Dalgarno sequence or ribosomal binding site). 
In addition, c-di-GMP, a small cyclic nucleotide, is 
another essential factor for cellulose synthesis in 
bacteria. For producing c-di-GMP in the cell, 
expression vector of DGC (diguanylate cyclase or 
c-di-GMP synthase) was constructed by inserting the 
gene into pBAD33 vector, which can be maintained 
together with pQE. These two plasmid DNA were 
then introduced into an E .coli strain XL1-Blue 
(Figure 1) and then transformant by carrying both 
plasmids were selected by antibiotics.  

 
Figure 1. A schematic diagram of CESEC, 

cellulose-synthesizing E. coli 
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the early social implementation of progressive microwave power transmission and the realization of the 
space-based solar power station. 

 

 
Fig.1. Electromagnetic Field by Synthesizing Spherical Waves 

 

 
Fig.2. Developed Di-electric Resonator Antenna 
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