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The Termitomyces eurrhizus mushroom has 
high potential market value. The fungi in this genus 
are called “termite mushrooms”, and have a 
symbiotic relationship with Mactotermitinae 
termites. Since to date, most researchers have been 
focused on this symbiotic relationship, the 
biological and physiological properties of the fungi 
themselves are less understood. The purpose of this 
study was to evaluate the possibility of artificial 
cultivation of T. eurrhizus by examining the 
nutritional characteristics of the fungus. 

Screening of strains and media of T. eurrhizus 
collected in Japan 

Strains of T. eurrhizus collected in Okinawa 
Prefecture were screened for the following 
experiments. Four strains were selected from 27 
strains. Strain T3, collected from Okinawa Main 
Island, had low media specificity and grew 
tractably. Strain T11 from Ishigaki Island was easy 
to handle, with a medium growth rate on any media. 
Strain T25, collected from Iriomote Island, had low 
media specificity and grew fast, while T26 from 
Iriomote Island grew very fast on any media. 

Effects of carbohydrate substrates on vegetative 
mycelial growth of T. eurrhizus 

Effects of carbohydrate substrates on the 
mycelial growth of T. eurrhizus were surveyed 
using 4 strains. Thirteen carbohydrates were tested 
in this experiment, and all the 4 strains showed the 
most rapid growth on the fructose- and 
maltose-containing media. In addition, all the 4 
strains grew positively on mannose-, sucrose- and 
trehalose-containing media. T. eurrhizus might utilize starch and cellulose similarly, and demonstrated a 
poor ability to catabolize lactose. 

Wood decaying properties of T. eurrhizus 

The decay properties of T. eurrhizus were examined. Three softwood species, akamatsu (Pinus 
densiflora), sugi (Cryptomeria japonica) and hinoki (Chamaecyparis obtuse), and two hardwood species, 
buna (Fagus crenata) and konara (Quercus miyagii), were used as wood specimens. Scanning Electron 
Microscope (SEM) observations suggested that T. eurrhizus could only attack the surfaces of small wood 
samples (1.0 (R) × 1.0 (T) × 0.5 (L) cm). There was no significant difference in mass-loss rate between 
heartwood and sapwood specimens exposed to T. eurrhizus for 12 weeks. Moreover, the mass loss rates of 

Fig. 1. The fruit bodies of T. eurrhizus  
from the comb in the termite nest 
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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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softwood specimens were generally higher than those 
of hardwood specimens. Chemical analyses of 
decayed wood specimens suggested that T. eurrhizus 
does not have high lignin-degradation ability, even 
though it has been categorized as a white-rot fungus. 

Decay properties of T. eurrhizus on moso bamboo 
(Phyllostachys edulis) 

Decay property of the fungus against moso 
bamboo, Phyllostachys edulis, was investigated. T. 
eurrhizus preferentially catabolized free sugars in the 
bamboo. The bamboo showed a high concentration 
of starch (approx. 1%), which the fungus found 
difficult to utilize. 

Laccase activity in T. eurrhizus 

The existence of laccase, one of lignin 
decomposing enzymes, was detected using 
Bavendamm test. This is a simple detection method 
of phenol-oxidase activities. Termitomyces eurrhizus 
strains did not show positive results except for one 
strain. The results suggested that T. eurrhizus has 
laccase but its activity is very weak. 

From the results of these experiments, the use of 
fine wood chips or sawdust is strongly recommended 
as a media matrix for the artificial cultivation of T. 
eurrhizus. Wood species with lower lignin content 
are more favorable. Fagaseae trees such as Japanese 
beech (Fagus crenata), which are preferentially used 
for the media matrix of mushroom production in 
Japan, would not be suitable for T. eurrhizus. On the 
other hand, sugi (Cryptomeria japonica) and moso 
bamboo (Phyllostachys edulis), which are the most 
easily obtained forest resources in Japan, have been 
suggested as possibilities for use as a media matrix 
for T. eurrhizus. 
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Fig. 2. SEM images of decayed wood 
samples of sapwood of sugi (Cryptomeria 
japonica) 
A: The surface of sample decayed by T. 
eurrhizus 
B: Core sample decayed by T. eurrhizus 
C: Core sample decayed by Trametes 
versicolor 
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The western drywood termite, Incisitermes minor (Hagen), is one of invaded insect species, and was 
firstly reported in Japan in 1976. Since that date, 24 out of 47 prefecture have been infested by I. minor.  

With current pest management industry standard for detection/inspection (visual searching) and 
remedial treatment (wood injection), it is hard to prevent drywood termite infestations for some reason 
including; 1) the lack of knowledge of foraging behavior and biological adaptations of drywood termites 
that involve survival in environmental stresses and 2) the high proportion of remedial intervention which 
only intends to kill drywood termites present at the time of application, whereas no preventive treatment 
which intends to stop or prevent reinfestation. Consequently, the drywood termite management should 
understand the foraging behavior and biological adaptations of drywood termites to provide a framework 
for improving efforts at detection and control when treatment is necessary 

Quantitative observation of the foraging tunnels in Sitka spruce ad Japanese cypress caused by the 
drywood termite I. minor by 2D and 3D X-ray computer tomography (CT) 

The cryptic lifestyle of drywood termites makes it difficult to study their foraging behaviour and to 
detect infestations in hidden regions. As CT scanning results show, the development of tunneling is 
affected by the physical constraints of knows with their high density, high extractive, and lignin contents. 
Based on these factors, foragers caused distinguished tunneling patterns based on the physical properties of 
wood during gallery construction. The Foragers primarily excavate along the earlywood in radial direction 
towards the outer surface of the wood to establish the primary and satellite chambers, followed by mainly 
superficial longitudinal expansion with occasional lateral deviations. These unique foraging patterns aid the 
development and optimization of the application of new remedial treatment using solid carbon dioxide as a 
chilling agent.  

The role of physiological elements on cold tolerance of I. minor 

Unlike endothermic animals, termites regulate the 
body temperature by the temperature of the 
environment evolving a diversity of competitive 
biological adaptation to ensure the survival under 
non-optimal temperature. This present section 
investigated on the correlation between genetic 
advance physiological elements and cold tolerance of 
three most widely distributed pest species in Japan: 
Reticulitermes speratus (Kolbe), Coptotermes 
formosanus Shiraki, and I. minor. First, to estimated 
and compared the SCP and the LLT of tested termite 
species using an ultra cooling freezer. Second, to 
measure the biological variations in an individual 
group of termite species to compared and identified 
correlation between the natural cryoprotectants and 
cold tolerance of three structural pests in Japan.  

Unlike subterranean termites, western drywood 
termites cannot retreat from unfavourable conditions 
when it is necessary to escape. It is therefore not 
unreasonable to assume that the desiccation and cold 

Table 1. Mean wet and dry mass, water relations, 
CP, and total lipid composition (mean ± SE) of 
three termite species 

Mean in the same column followed by different letters are significantly 
different (P <0.05, ANCOVA, Tukey’s HSD) 
*wet weight   **cuticular permeability 
(M) denotes surface area estimation using Meeh’s formula, (H) denotes 
surface area estimation using Haagsma’s formula 
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bacteria. For producing c-di-GMP in the cell, 
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