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Filamentous fungus Trichoderma reesei is the potent producer of cellulolytic enzyme. T. reesei 

produces a large amount of cellulase when cellulose is used as the sole carbon source but does 

not in the presence of glucose. It has been considered that T. reesei can not recognize cellulose 

because it is insoluble and difficult to be directly uptaken into cell. Therefore, it has been proposed 

that T. reesei recognizes soluble material derived from cellulose such as cellodextrin as the inducer. 

In addition, beta-linked disaccharides that are lactose and sophorose can also induce cellulase 

production. It has been revealed that cellulase production is regulated by several transcription 

factors but the insights of proteins involving in uptake of cellulase inducer are still limited. To 

date, 4 disaccharide transporters, Crt1, Stp1 Tr77517 and 79202, had been reported in T. reesei. 

However, further study for sugar transporter is necessary because T. reesei has over 200 genes 

encoding MFS transporters in its genome. The aim of this study is to elucidate the sugar 

transporting mechanism and cellulose recognition mechanism in T. reesei. 

Sugar transporters were extracted from all MFS transporters in T. reesei and they classified in 

to 2 clusters by Neighbor Joining algorithm. 54 transporters belonged to Sugar Porter (SP) Family 

and 7 transporters belonged to Fucose: H+ Symporter (FHS) Family. SP family has included Crt1, 

Stp1 Tr77517. Among them, Crt1 has been reported that it serveas a sensor of inducer for cellulase 

production and for cellobiose uptake ability. Five transporters were belonged to the subcluster 

containing Crt1. Therefore, it is possible that these transporters have similar function to Crt1. 

Among them, Tr77517 has been reported as lactose transporter. Now, functional analysis of 

remaining four transporters are in progress. These genes deletion strains are under construction 

and deletion strain of Tr67752 has been obtained. As the results of phenotype analysis, Tr67752 

was not involved in cellulase production in which cellulase production of ∆Tr67752 was delayed 

than wild type but maximum cellulase activity was equivalent to wild type in cellulose culture.  

RD-073

81
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Tris (1,3-dichloro-2-propyl) phosphate (TDCPP), a typical chlorinated organophosphate 

triesters, has been used worldwide as flame-retardants and plasticizers, and thus resulting in its 

dispersion into the environment. Since this compound is reported to possess carcinogenicity, 

mutagenicity and neurotoxicity, persistence of TDCPP in the environment has been concerned. 

Recently, TDCPP-degrading bacterium Sphingomonas sp. strain TDK1 was isolated [1], and the 

TDCPP-degrading enzyme (haloalkylphosphate degrading enzyme; HAD) was purified, 

characterized and cloned [2]. In the future, it is necessary to clarify the structure and reaction 

mechanism of HAD to develop more efficient degradation technique. In this study, we have 

constructed E. coli expression system for HN-tagged HAD from Sphingomonas sp. TDK1. 

The gene encoding HN-tagged HAD was amplified by PCR using the primers and genomic 

DNA of Sphingomonas sp. TDK1 as a template. The resulting PCR product was ligated into the 

pET25b, and expressed in E. coli BL21 (DE3). The crude extract from E. coli transformant cells 

showed TDCPP-degrading activity. The HN-tagged HAD was purified from E. coli BL21 (DE3) 

using TALON column and treated with thrombin to remove the HN tag. Purified enzyme 

appeared as a single band on SDS-PAGE. The optimum pH and temperature of recombinant 

dHAD were 9.5 and 35°C, respectively. The recombinant HAD was inhibited by 

2-mercaptoethanol and dithiothreitol, whereas N-ethylmaleimide did not affect the enzyme. The 

enzyme activities were increased by the addition of divalent cations, whereas chelating agents, 

such as EDTA and EGTA, did not affect the enzyme.  
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Production of heart muscle cell utilized for drug assay is attracting increasing attention. Heart 

muscle cells are unable to reproduce, thus, a new generation approach is necessary. Induced 

pluripotent stem (iPS) cells, which origin from adult cells, are capable of changing into all cell 

types including heart muscle. Moreover, human iPS-derived cells can also provide 

patient-specific genetic information to facilitate disease modeling research. Recently, many 

authors reported that heart cells could be successfully generated from human iPS cells at initial 

high density 1, 2. It is still unknown whether starting at high density which contains many 

interaction signals is mandatory for heart cell generation or not. The effect of seeding density on 

heart cell specification was investigated in 3D suspension culture 3. However, this effect in 2D 

adherent culture remains unclear.   

Here we study the potential of heart cell formation when starting induction at initial low 

density in 2D model. This research serves as a background to investigate the effect of seeding 

density on heart cell generation in adherent culture. At low density, cells could not survive 

within the first day after being induced by the small molecular weight molecule. We found that 

ROCK inhibitor, a molecule capable of diminish programmed cell death, and insulin, a hormone 

to support cell growth, could significantly enhance cell proliferation in the original medium. 

Furthermore, addition of bFGF, which is an important growth factor, in the specific condition, 

enabled expression of heart maturation marker. 

In the next step, we are going to determine the performance of the process at a higher level of 

heart gene expression. This protocol for low density culture might also be applied to investigate 

cell behavior when starting specification at different seeding densities. Success of this study 

strengthens the important role of cell density in controlling the proliferation and specification 

during heart cell generation process. 
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Lignins present in the plant secondary wall are the most abundant aromatic polymers in nature. 

Lignins from gymnosperms are composed of guaiacyl (G) units with minor amounts of p-

hydroxyphenyl (H)-units, while lignins from angiosperms are composed of G- and syringyl (S)-

units. Recently, production of chemical building blocks of useful polymers such as cis,cis-

muconic acid (ccMA) from lignin-derived aromatics has attracted attention from a standpoint of 

lignin valorization. However, a large consumption of sugars including glucose as a source of 

carbon and energy for microbes during the bioconversion is an obstacle to establishing a low-cost 

process because the cellulosic sugars are valuable as a building block of industrial chemical 

products. In this study, we aimed to establish a novel system to convert lignin-derived aromatics 

into ccMA without using sugars as the carbon and energy sources. We developed here a bacterial 

strain capable of producing ccMA from G- and H -lignin-derived compounds while growing on 

S-lignin derived compounds. 

We selected Sphingobium sp. SYK-6 as a host strain for ccMA production. This strain is able 

to utilize various types of lignin-derived biaryls and monoaryls as the sole source of carbon and 

energy. In order to construct a ccMA producing strain, the protocatechuic acid (PCA) 4,5-

dioxygenase gene (ligAB) in SYK-6 was disrupted, and then pTS084 carrying the PCA 

decarboxylase gene (aroY and kpdB) and catechol 1,2-dioxygenase gene (catA) was introduced 

into the resultant ligAB mutant (SME257). Although SME257 lost the ability to catabolize 

vanillic acid (G-lignin) due to the deletion of ligAB, this strain was able to grow on syringic acid 

(S-lignin) as well as the wild type. However, the growth of SME257 on syringic acid was severely 

inhibited in the presence of vanillic acid. We found that the addition of a small amount of tryptone 

in the medium enabled SME257 to grow on syringic acid in the presence of vanillic acid, which 

was converted into PCA. When the SME257 harboring pTS084 was incubated with 5 mM 

syringic acid, 5 mM vanillic acid, and 1 mg/ml tryptone, this recombinant strain produced ccMA 

with a yield of 79% (g/g). Furthermore, this strain was able to grow on a mixture of G-, H-, and 

S-lignin derived aromatics obtained by alkali–nitrobenzene oxidation of white birch lignin, and 

produced ccMA.  

This research was supported by the Advanced Low Carbon Technology Research and 

Development Program grant (ALCA) from The Japan Science and Technology Agency (JST). 
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Sphingobium sp. strain SYK-6 degrades various lignin-derived aromatics. An understanding 

of microbial catabolic genes for the degradation of lignin-derived aromatics and their 

transcriptional regulations are essential in establishing biological processes for producing 

valuable substances from lignin. A lignin-derived biphenyl compound, 5,5-dehydrodivanillate 

(DDVA), is catabolized by SYK-6 via vanillate after aromatic ring cleavage, side chain cleavage, 

and decarboxylation (Masai et al., Biosci. Biotechnol. Biochem., 2007). In the DDVA catabolic 

genes of SYK-6, the transporter genes (tbtA and ddvK) and the catabolic enzyme genes (ligZ, 

ligY and ligXa) form a gene cluster. Since ddvR which encodes a MarR-type transcriptional 

regulator is located in this cluster, the DDVA catabolic genes appeared to be regulated by DdvR. 

This study was aimed at elucidating the transcriptional regulation of the DDVA catabolic genes. 

In order to identify the transcription units of the DDVA catabolic gene cluster, reverse 

transcription (RT)-PCR analysis was performed using RNA isolated from SYK-6 cells grown 

with DDVA. This cluster consists of three operons, including the ligXa operon, the ddvR operon, 

and the tbtA operon which contains ddvK, ligZ, and ligY. We performed quantitative RT-PCR 

(qRT-PCR) analysis using SYK-6 and ddvR mutant cells grown in the presence or absence of 

DDVA. This analysis indicated that the transcriptions of tbtA, ddvK, ligZ, ligY, and ligXa were 

enhanced 7 to 90-fold in the SYK-6 cells grown with DDVA. Furthermore, the amounts of 

transcripts of these genes in the non-induced ddvR mutant cells were almost the same as those 

in the DDVA-induced SYK-6 cells. These results strongly suggest that the transcriptions of the 

tbtA and ligXa operons are negatively regulated by DdvR. On the other hand, the ddvR operon 

was constitutively expressed. qRT-PCR analysis of an SYK-6 mutant which is unable to 

degrade DDVA revealed that DDVA was an inducer of the tbtA and ligXa operons. 

Fig. 1. Proposed model of transcriptional regulation of the tbtA and ligXa operons by DdvR 
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Gastrulation is the initial systematic deformation of embryo, hence is a critical stage for 

forming human body. Although the morphology of human gastrulation is known to follow the 

pattern observed in birds, the dynamics are unknown because of ethical and technical 

limitations. 

Here we utilized human induced pluripotent stem cells (hiPSCs) to study cell dynamics 

during human gastrulation stage in vitro. The hiPSCs are useful models for human gastrulation 

because hiPSCs can differentiate into all cell types and easy to control, easy to observe. The 

hiPSCs differentiate into mesoderm and endoderm cells in gastrulation stage, following strength 

of Wnt/β-catenin signaling and Activin/nodal signaling. Therefore, we induced differentiation to 

mesoderm and endoderm cells from hiPSCs, and analyze cell movement during differentiation 

by single-cell monolayer time-lapse imaging. 

As a result, cell movement at the early stage of differentiation into mesoderm and endoderm 

was fast and random. Since monolayer random movement is suitable for homogeneous discoidal 

layer, random waik might be suitable for forming germ layer by gastrulation. In the next step, 

we will report the difference of movement in mesoderm and endoderm specification. 
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The chlorinated organophosphate triester, tris(2-chloroethyl) phosphate (TCEP), has been 

widely used as a flame-retardant and a plasticizer. This compound has been therefore detected in 

various environments, especially in landfill leachates with a high concentration. Because TCEP 

shows higher resistance to microbial degradation and its carcinogenicity is recently suggested, 

the environmental contamination raises concern about its harmful effect on organisms including 

human. 

To develop a microbial degradation technique of TCEP, we have isolated a TCEP-degrading 

bacterium Sphingobium sp. strain TCM1 [1]. The degradation analysis of TCEP by the bacterium 

indicated that the compound could be sequentially metabolized by three kinds of enzymes, 

phosphotriesterase (HAD), phosphodiesterase (PDE), and phosphomonoesterase (APase). In the 

metabolic pathway, the reaction step catalyzed by PDE or APase is suggested to be a rate limiting 

step [2]. However, it is now unclear whether PDE we identified in stain TCM1 is involved in the 

metabolism. In this study, we, therefore, aim to investigate the involvement of PDE in the 

metabolism of TCEP in strain TCM1 through the analysis of a PDE gene-disrupted strain. 

We first constructed a PDE-gene disrupted vector using pAK405 and introduced the 

constructed vector into TCM1 cells by electroporation. We successfully obtained transformant 

cells. However, the introduced vector was suggested to be not integrated into the PDE gene locus 

in all transformants analyzed so far. We have therefore not yet obtained the PDE gene-disrupted 

strain. We also now analyze the regulation of PDE gene expression. 
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Gastrulation is the first dynamic deformation of embryo to form a complex body. During human 

gastrulation, the epiblast layer cell differentiate and migrate to form the flat overlapping three 

germ layers. Although human gastrulation is known to follow the pattern observed in bird, the 

details are unknown because of ethical and technical limitations. Therefore, we focused on the 

dynamics of gastrulation, which is the initial systematic deformation of embryo to form germ 

layers.  

Here we utilize human induced pluripotent stem cells (hiPSCs) to study the detail of human 

gastrulation in vitro. The hiPSCs are useful model cells to study human embryogenesis, because 

hiPS cells can differentiate into all types of cells, are easy to control, and are easy to observe. The 

hiPSCs are known correspond to epiblast layer cells and differentiate into mesoderm within a few 

days by activating the Activin/Nodal and Wnt/-catenin signaling. Therefore, we considered that 

movement under tightly controlled conditions can be observed. 

As a result, a random walk analysis of time-lapse images of dispersed single cells showed that 

the migration modes of mesendodermal cells (future gut) are random, which might be suitable for 

forming a homogeneous cell layer of future gut of human. In addition we will present cell 

dynamics in the colony, where the cell-cell interaction are strong as in vivo. 
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The chlorinated organophosphorus compounds tris(2-chloroethyl) phosphate (TCEP) and 

tris(1,3-dichloro-2-propyl) phosphate (TDCPP) have been used as a flame retardant and 

plasticizer. Their widespread use causes the contamination in various environments. Because 

several potential toxicities of the compounds have been reported, the contamination raises the 

concerns about human and ecosystem health. We have isolated a TCEP and TDCPP-degrading 

bacterium, Sphingobium sp. strain TCM1 [1], and purified and characterized phosphotriesterase, 

named haloalkylphosphorus hydrolase (HAD), that catalyzes the initial step in the degradation 

pathway [2]. However, the expression of had gene was suppressed when the cells were cultured 

in a high Pi-containing medium. It is therefore considered that stable degradation could not be 

achieved under the condition of high Pi concentration. The gene expression in response to Pi 

concentration has been well analyzed in E. coli. The genes that response to Pi concentration is 

called pho regulon and regulated by Pst system (PstS, PstC, PstA, and PstB) and two-component 

regulatory system (PhoR and PhoB). It has been known that null mutations in pst genes lead to 

constitutive expression of Pho regulon independent of Pi concentration. In this study, we study 

the regulation of had gene expression by creating the mutants of pst genes and phoB gene. 
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Sphingobium sp. strain SYK-6 is a Gram-negative bacterium, which can grow on various 

lignin-derived aromatic compounds as a source of carbon and energy. To date, the SYK-6 

catabolic pathways for lignin-derived aromatics and the pathway genes have been well 

characterized, and the development of biological processes for the conversion of lignin into 

valued substances utilizing the SYK-6 catabolic pathways are in progress. However, the uptake 

systems for lignin-derived aromatics and other nutrients remain largely unknown. Particularly, 

iron uptake is essential not only for bacterial growth but also for catabolism of lignin-derived 

aromatics. This is because iron is included in the active centers of various oxygenases which are 

indispensable for aerobic aromatic catabolism. In general, iron uptake is mainly achieved by 

TonB-dependent receptor (TBDR) localized in outer membrane of Gram-negative bacteria. 

TBDR transports bulky molecules using energy provided by the TonB-ExbB-ExbD complex, 

which transduces the energy from the proton motive force of the inner membrane. In this study, 

we identified a TBDR gene and a TonB gene involved in iron uptake in SYK-6. 

In the SYK-6 genome, a greater number of TBDR-like genes (74 genes) than other bacteria 

were found, implying the involvement of TBDR in the uptake of a variety of nutrients including 

iron. In addition, SYK-6 had six TonB-like genes. In order to identify tonB involved in iron 

uptake, we constructed mutants of tonB2, tonB3, tonB4, tonB5, and tonB6, and examined the 

ability of these mutants to grow on vanillin, vanillate, syringaldehyde, syringate, ferulate, and 

protocatechuate. Among these tonB mutants, only the growth of tonB2 mutant on these lignin-

derived aromatics except protocatechuate was significantly delayed. Furthermore, tonB2 mutant 

showed more delayed growth on the lignin-derived aromatics in the presence of an iron chelator, 

2,2’-dipyridyl (DIP). We searched for SYK-6 genes which are similar to known TBDR genes 

involved in iron uptake. Eight TBDR genes were selected and disrupted in SYK-6. Among these 

mutants, SLG_34550 mutant demonstrated delayed growth on all the above substrates. In addition, 

further delayed growth of SLG_34550 mutant on these substrates was observed in the presence 

of DIP. All these results suggest that tonB2 and SLG_34550 are involved in iron ion uptake in 

SYK-6. 
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