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The cellulase production of filamentous fungi is induced by cellulose and its degradation 

products at the transcriptional levels. Cellobiose is the degradation product from cellulose and the 

inducer of cellulases in many filamentous fungi. It has been reported the transcription factors, 

ClrA/Clr-1 and ClrB/ManR/Clr-2, regulate the cellulase expression in response to cellobiose in 

Aspergillus spp. and Neurospora crassa. On the other hand, cellobiose-dependent mechanism is 

unclear for Trichoderma reesei due to QM9414 strain, the global standard strain, has quite low 

inductivity by cellobiose. Japanese mutant PC-3-7 strain, cellulase high-producing mutant, was 

generated by random mutagenesis from QM9414 and has high cellulase inducibility on cellobiose. 

Therefore, this mutant has the clues to solve cellulase production in response to cellobiose. In this 

study, to elucidate the cellobiose-responsive cellulase production mechanism in T. reesei, we 

analyzed the role of the homologs of ClrA/Clr-1 and ClrB/ManR/Clr-2 on cellulase production in 

PC-3-7 strain. 

We constructed each homologous gene deletant, PC∆clr1 and PC∆clr2, and evaluated the 

cellulase production by cellulose and cellobiose. As a result, the parent strain and deletants 

showed same cellulase production on Cellulose. In the case of cellobiose as the inducer, PC-3-7 

and PC∆clr1 showed similar production level of cellulases and hemicellulases, while PC∆clr2 

reduced cellulase productivity to about 50 % of PC-3-7. From qRT-PCR using resting cell, 

however, the expression of cbh1, the major cellulase gene, was lost on cellobiose induction, but 

not on cellulose induction in PC∆clr2. Therefore, it was suggested that Clr2 is the cellobiose-

specific activator in T. reesei. To clarify which genes controlled by Clr2 in T. reesei, we performed 

transcriptome analysis in several gene deletants. As a result, the expression levels of xyr1 that 

encodes essential factor for cellulose production was lost in PC∆clr2 on cellobiose induction. 

However, WT and xyr1 deletant transcribed same levels of clr2. On the other hand, to over-

express Clr2 was no effect in cellulase production on cellulose and cellobiose culture. From these 

results, it was resulted that T. reesei has complicated cellobiose-dependent mechanism and Clr2 

is related in this mechanism to activate key transcription factor, xyr1.  
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Transcription factors are proteins that control transcription of genes in many microorganisms. 

The transcription factor mediated cellulase regulating mechanism was already reported in the 

industrial cellulase producer; filamentous fungus Trichoderma reesei. However, there is a risk of 

degrading produced cellulases due to the activity of proteases which are also in the secretome of 

T. reesei. But the study of protease regulation mechanism in T. reesei is still infancy. Therefore, 

this study focuses transcriptional regulation mechanism in proteases to elucidate the relationship 

between protease and cellulase production. 

Similar as the regulation of cellulase production, proteases are controlled by environmental 

factor signal transduction mechanism. Previously we reported identification of the main protease 

of T. reesei as Trichodermapepsin (TrAsP). SDS-PAGE analysis and activity measurements were 

revealed that it highly produced in culture media of monosaccharides, organic nitrogen and acidic 

pH. We also found that TrAsP highly expressed in late cultivation whereas medium consists of 

mostly monosaccharides. As well, cellulase inducing conditions, production of TrAsP was 

significantly low. Besides it gave a clue of involvement of cellulase regulators to control TrAsP 

production. With the alliance of this suggestion, TrAsP promoter region consists binding motif of 

main cellulase regulating transcription factor: Xyr1 and deletion of the gene confirmed that its 

repressing activity towards trasp. Further microarray analysis was revealed that not only trasp, 

some other proteases reacted to Xyr1 similar as trasp. In addition, binding motifs of 

monosaccharide responsive; Cre1, nitrogen responsive; AreA and pH responsive; Pac1 are also 

found in TrAsP promotor region, indicating it has complex production mechanism. However, 

with these results we could have proposed a possible mechanism of TrAsP production and it will 

be helpful to maintain stable cellulases in culture medias in future applications of fungal cellulase 

production. 
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Trichoderma reesei is the most prominent industrial cellulase producer that was demonstrated 

capable of producing variety of cellulases. Therefore, several mutant strains have been acquired 

by mutagenesis in the research organization all over the world. In Japan, PC-3-7 have been 

obtained from standard strain QM9414 via several mutation steps. It has enhanced cellulase 

productivity by cellobiose and L-sorbose. From comparative genome analysis, 48 coding single 

nucleotide polymorphisms (cSNPs) have been confirmed between QM9414 and PC-3-7, in which 

several cSNPs contributing to high productivity have been identified. However, it has not yet 

reached to fully explain the high ability. One of cSNP between PC-3-7 and its parent strain (KDG-

12) occurred in the gene encoding Serine/Threonine protein kinase 1 (STK1). STK is conserved

in almost all organisms and involved in control of the cell growth, Therefore, it is possible that 

STK1 plays an important role in T. reesei. The aim of this study is to reveal the influence of STK1 

for cellulase production.  

The stk1 deletion strain was constructed for QM9414 as the standard strain. When standard 

strain and the stk1 deletion strain (QMΔstk1) were grown on agar plates medium, it was revealed 

that QMΔstk1 formed smaller colony than that of QM9414. From observation of mycelium 

morphology, the hyphae were expanded compared to QM9414.There results suggested STK1 

involved in control of the cell growth. From the viewpoint of cellulase productive capacity, it was 

shown that the cellulase activity of QMΔstk1 was unchanged, whereas xylanase activity was 

decreased. The transcription analysis showed that the expression level of xyr1, which controlled 

cellulase and xylanase production, was unchanged. Meanwhile, the transcription level of the 

xylanase gene was decreased. These results suggested STK1 may phosphorylate unknown factors 

that serves transcription activation of xylanase. 
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The flavoenzyme D-amino acid oxidase (DAO) catalyzes the oxidative deamination of neutral 

and basic D-amino acids. DAO was first identified in pig kidney by Dr. Krebs in 1935 and 

subsequently has been found in various eukaryotic organisms and some bacteria. This enzyme 

has attracted much attention in biotechnology because of its wide potential applications, such as 

the detection and the quantification of D-amino acids, the enantiomeric resolution of amino acids, 

the production of α-keto acids and non-natural amino acids for pharmaceuticals, and the 

production of 7-aminocepharophranic acid from cephalosporin C. The use of this enzyme in the 

treatment of cancer and chronic granulomatous disease has also been investigated. Therefore, 

DAO having high activity, high stability, and broad substrate specificity has been demanded. 

Because DAOs of mesophilic fungi exhibit high activity and broad substrate specificity, we 

thought that the enzyme of thermophilic fungi might have high thermal stability as well as useful 

properties of mesophilic fungal enzymes. 

The suspensions of commercially available composts were spread onto potato dextrose agar 

medium containing some antibiotics, and the agar plates were incubated at 50°C for 2 weeks. 

Three strains of filamentous fungi, named YA, PB, and PE, grew on the agar medium and were 

able to grow on the agar media containing D-Ala, D-Asn, D-Gln or D-His as the sole nitrogen 

source. The molecular phylogenetic analysis using internal transcribed spacer (ITS) region 

sequences revealed that strain YA is closely related to Rasamsonia emersonii and that strains PB 

and PE are to Thermomyces dupontii. DAO homologous gene of strain YA1 (ReDAO) was 

isolated by PCR based on the sequence of the genome-analyzed strain R. emersonii CBS 393.64. 

In the deduced amino acid sequence, the amino acid residues important for the catalytic activity 

of DAO were observed. The cDNA was synthesized and inserted into pET-15b vector and 

expressed in E. coli BL21 (DE3) pLysS as a His-tag fusion protein. The recombinant ReDAO 

purified using a metal chelate affinity chromatography showed high activities toward various D-

amino acids with the highest activity against D-Val. Interestingly, the enzyme also showed high 

activity (approximately 60% of relative activity for D-valine) toward D-glutamate, which is a 

substrate of D-aspartate oxidase. This fungal enzyme showed higher thermal stability compared 

with other DAOs. Further analysis of ReDAO, such as optimal temperature and pH, inhibitor 

sensitivity, and quaternary structure, is now on going. 
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Filamentous fungus Trichoderma ressei produces large amounts of cellulase and hemicellulase 

for degradation of lignocellulose. It is well known that the production mechanism of cellulase is 

responded to environmental factors and strictly regulated by several transcription factors. 

Research on this response-mechanism has been conducted for carbon sources and pH, while there 

is not much analysis on effect of nitrogen source that is an essential medium component for 

production of nucleic acids and proteins. The utilization of nitrogen source is under the control of 

a positive-acting transcription factor AreA originally isolated from Aspergillus sp. This 

transcription factor is widely conserved in fungi and T. reesei also has AreA homolog. For T. 

reesei, which is considered to have the maximum extracellular protein productivity in 

microorganisms, the factor controlling the use of exogenous nitrogen sources may have an 

important effect on its phenotype. However, there are few reports on the function of this regulator 

and its involvement in cellulase production in T. reesei. Therefore, the objective of this study was 

to elucidate nitrogen-responsive mechanism in T. reesei through analysis of AerA homolog. 

The AreA gene disruptant was constructed on T. reesei QM9414 strain. As a result of evaluating 

growth potential of the constructed strain, dry cell weight of areA disruptant was significantly 

decreased compared with that of QM9414 strain. In addition, spore germination was also delayed, 

suggesting that AreA is the important factor for fungal growth. In order to analyze cellulase 

production in response to nitrogen source, precultivated mycelia of QM9414 and areA disruptant 

strains were transfered to 1 % crystalline cellulose medium supplemented with ammonium sulfate 

(0.01 M, 0.05 M), sodium nitrate (0.02 M) and glutamic acid (0.01 M) as the sole nitrogen source. 

As a result, cellulase productivity of areA disruptant was significantly reduced compared with 

that of QM9414 strain on each nitrogen source. In particular, almost no cellulase activity was 

detected in 0.01 M ammonium sulfate culture unlike that in the case of 0.05 M ammonium sulfate 

and glutamic acid. In addition, qRT-PCR analysis clarified that the transcription abundance of 

cellulase gene cbh1 and its transcriptional activating factor xyr1 was decreased in 0.01 M 

ammonium sulfate. These results suggested that AreA regulates not only growth but also cellulase 

production mechanism in response to the kind and concentration of nitrogen source in T. reesei at 

the transcription level. 
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Tris(2-chloroethyl) phosphate (TCEP), which is a chlorine-containing organic phosphoric acid 

triester, has been widely used as a lubricant and a flame retardant plasticizer. The wide-spread use 

results in its contamination in various environments. Because TCEP has a high physicochemical 

stability, resistance to microbial degradation, and the suggestion of carcinogenicity and 

neurotoxicity, it has been concerned about its adverse effects on organisms including human. We 

have previously isolated the TCEP-degrading bacterium Sphingobium sp. strain TCM1 and 

further identified enzymes (phosphotriesterase, phosphodiesterase, alkaline phosphatase (APase)) 

involved in the metabolism [1, 2]. For APase, we have identified four homologous genes (SbphoA, 

SbphoK, SbphoD1, and SbphoD2) in strain TCM1 and showed a major contribution of SbPhoK 

in the metabolism as an APase [1]. In this study, we, therefore, analyzed the enzymatic properties 

of SbPhoK expressed in E. coli. 

We expressed SbPhoK as a His-tag fusion protein in E. coli. SbPhoK was successfully expressed 

as an active form, and the expression level was equivalent to that of SbPhoK without His-tag. We 

purified SbPhoK using TALON metal affinity resin. The specific activity of purified enzyme was 

502 U/mg with p-nitrophenyl phosphate (pNPP ) at 37℃. The activity was markedly inhibited by 

1 mM Zn2+ and o-phenanthroline but was increased by 1 mM Fe3+, indicating that Fe3+ might function 

as a cofactor. Also, 1 mM vanadate and dithiothreitol (DTT), and 1% SDS greatly inhibited the activity. 

The optimum temperature was 50℃, and T50 (50% inactivation temperature) was 48℃. The optimum 

pH was 10.0, and it was stable in the pH range from 6.0 to 10.5. SbPhoK was shown to form dimer or 

trimer using a gel filtration chromatography. 
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Filamentous fungus Trichoderma reesei has been reported to produce a large amount of 

cellulolytic enzymes. Therefore, many researches have focused on gene expression and genome 

analysis in T. reesei because of the industrial usefulness of cellulases. Generally, filamentous 

fungi are multicellular organisms that show apical growth and have multinuclear in each cell. In 

addition, the nuclei are located everywhere from hyphae to conidia, and their accurate 

localization is necessary for hyphal growth and conidium formation. Previously, reconstruction 

of 3D image for T. reesei hyphae by Focused ion beam scanning electron microscope (FIB-

SEM) suggested that the nuclei dynamics maybe related to cellulase productivity. Therefore, the 

aim of this study is to elucidate the relationship between cellulase productivity and dynamics of 

nuclear in living cell and clarify function of nuclear in growing hyphae.  

To observe nuclear in living cell, H2B-GFP expressing strain was constructed in nuclei Histone 

protein H2B was fused to green fluoresce protein (GFP). Because GFP fluorescent of 

transformant corresponded with that of DAPI staining, it was confirmed that GFP-fused H2B 

was successfully expressed in the nucleus. To elucidate the relationship between cellulase 

productivity and dynamics of nuclear in living cell, we compared the number of nuclei per cell 

on cellulase producing condition (cellulose culture) and non-producing condition (glucose 

culture). As initial results, the numbers of nuclei in were less than that on cellulase. Moreover, 

the proportion of mononuclear cell rate in cellulose culture was much greater than that in 

glucose culture. 

In the other hand, the live cell imaging method for monitoring the nuclear dynamics was 

established. Nuclear fission and migration of the growing cell from conidia to vegetative hyphae 

were observed by confocal laser microscope.  
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In recent years, carotenoids have received increasing attention as they have extensive use in 

medicine, cosmetic, chemistry, food and feed industry as an antioxidant, vitamin A precursor 

and food colorants. Carotenoids widely distribute in diverse microorganisms including the 

bacteria, the algae and fungi. Among them, the yeast Rhodosporidium toruloides is convenient 

for large-scale fermentation due to its unicellular nature and high growth rate. However, the 

biotechnological synthesis of carotenoids is influenced by many factors such as carbon source, 

light, temperature, aeration, metal ions and salts. Light is an important factor to considerate 

during the production of microbial carotenoids; hence, it improves carotenogenesis. 

Microorganisms need to prevent themselves from the light that causes oxidative damage, and 

carotenogenisis is a photo-protective mechanism. Although it is well-known light response, the 

molecular mechanism of light response has been unknown in R. toruloides. The purpose of this 

study is to obtain new insights of light response for carotenoids biosynthesis in R. toruloides. To 

carry out comparative analysis with wild type, carotenoids non-producing mutants (white 

mutants) and higher carotenoid producing mutants (red mutants) were created. 

To obtain mutants, UV mutangenesis was carried out. White mutants were created by 

screening under light irradiation and low/no carotenoid production, in contrast, dark condition 

and higher carotenoid production were used for screening red mutants. Now, white and red 

mutants were successfully obtained. From microarray analysis with wild type and white mutant, 

some genes related to light response was found in R. toruloides. Besides, in red mutants, 

transcription responses of genes encoding carotenoid biosynthesis are analyzing. 
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World population is predicted reaches 9 billion in 2050 years, and it is announced that 

increasing food production of 60% is necessary. Self-sufficiency rate of food is low in Japan, 

especially, that of edible oil is only 3%. Currently, almost edible oil production depends on 

oleaginous plants. Recently, the study of lipid production using an alga having high production 

efficiency per unit area is pushed forward. However, they must be cultivated using flat tank in 

large area of land because lipid is produced through the photosynthesis. That is not suitable for 

small country, Japan. Therefore, a new production method of edible oil is required. Oleaginous 

yeast Rhodosporidium toruloides can accumulate 70% of lipid (mainly triacylglycerol) per dry 

cell weight by metabolism of monosaccharide without photosynthesis and fatty acid composition 

is similar to vegetable oil. In addition, there is advantage that is cultivation of R. toruloides. can 

perform in a narrow site. Accordingly, lipid production by R. toruloides attracts researcher’s 

attention. For industrial utilization, molecular biological understanding of R. toruloides is 

indispensable. To date, the creation of high lipid producing mutants and their comparative 

genomic analysis have been carried out in our laboratory. For understanding mutations resulted 

in high lipid production and for molecular breeding to produce value-added lipid in R. toruloides, 

efficient transformation method is essential. In this study, several transformation methods were 

tested for DNA recombination of R. toruloides. 

The agrobacterium mediated method, spheroplast PEG method, lithium acetate method, natural 

transformation method and electroporation method were tested. Screening of transformants were 

carried out by introduction of hygromycin resistance gene or zeocin resistance gene, or deletion 

of pyrimidine biosynthesis gene URA3. 8, 28, 280 and 2 candidates were obtained by 

agrobacterium mediated method, spheroplast PEG method, natural transformation method and 

electroporation method, respectively. Among the five methods, the most efficient method for 

introducing DNA fragments was the natural transformation method. Introduction of DNA 

fragment was confirmed in 17 candidates of the natural transformation method by colony PCR. 

However, the introduced DNA fragment had not detected by southern analysis and candidates 

lost drug resistance after subcultivation. Thus, it was suggested that the DNA fragment was not 

integrated into the genome and transient expression was occurred. 
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Lignocellulose is the most abundant biomass and carbon neutral resource on the world. The 

main component of lignocellulosic biomass is cellulose and hemicellulose. Some microorganism 

can convert lignocellulose into sugar by secretion of the cellulase, hemicellulase, or other enzyme. 

Sugar derived from lignocellulose can be used to produce bioethanol, bio plastic and fine 

chemicals. Oleaginous yeasts can accumulate high amount of lipid by assimilating sugars. Among 

them, Rhodosporidium toruloides can produce lipid even in high density cultivation. In the 

optimal condition, lipid drop in R. toruloides cell occupies over 70% of dry cell weight. The 

composition of lipid from R. toruloides is almost same as oleaginous plants. In addition, R. 

toruloides can also produce an antioxidative compound, carotenoid. That is an available materials 

for the pharmaceutical, chemical and food industries. Therefore, sugar that is derived from 

lignocellulosic biomass can convert into high amount of functional lipid by R. toruloides. To carry 

out lipid production by R. toruloides from lignocellulosic biomass, it is essential to elucidate 

carbon metabolism mechanism of R. toruloides.  

To elucidate the effect of sugar from lignocellulosic biomass on lipid productivity of R. 

toruloides, glucose, xylose, galactose, and cellobiose were used as the sole carbon source. As a 

result, lipid production is the highest at xylose cultivation. In addition, R. toruloides cell color 

which represented carotenoids accumulation, was different with each carbon source. These results 

were suggested that phenotype of lipid and carotenoid production is affected by carbon sources. 

Furthermore, cellobiose cultivation showed low growth rate and almost cellobiose was remained 

in medium. This result, indicated that R. toruloides cannot metabolize cellobiose. To understand 

carbon utilization of this fungi, we performed comprehensive analysis of metabolism ability with the 

several carbon source on R. toruloides. As a result, R. toruloides can assimilate several mono-, di- 

or oligo saccharide such as made from lignocellulosic biomass. Not only saccharides, sugar 

alcohol or TCA cycle metabolic such as citrate are assimilated by this fungi. Consequently, it was 

suggested that lipid production by R. toruloides can perform as a new way of the derived from 

lignocellulose biomass. 
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