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Although numerous crystal structures for protein kinases have been reported, many include only 

the kinase domain but not the juxtamembrane (JM) region, a critical activity-controlling segment 
of receptor tyrosine kinases (RTKs). In this study, we determined the X-ray crystal structure of the 
tropomyosin receptor kinase (Trk) A selective inhibitor A1 complexed with the TrkA kinase 
domain and the JM region. This structure revealed that the unique inhibitor-binding pocket created 
by a novel JM configuration yields significant potency and high selectivity against TrkB and TrkC. 
Moreover, we validated the importance of the JM region for the potency of A1 using in vitro assays. 
The introduction of moieties that interact with the JM region will be one of the most effective 
strategies for producing highly selective RTK inhibitors. 
 
[1] Furuya, N.; Momose, T.; Katsuno, K.; Fushimi, N.; Muranaka, H.; Handa, C.; Ozawa, T.; 

Kinoshita, T., The juxtamembrane region of TrkA kinase is critical for inhibitor selectivity. 
Bioorg Med Chem Lett 2017, 27 (5), 1233-1236. 
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Valtre, C.; Crenne, J. Y.; Mathieu, M., The crystal structures of TrkA and TrkB suggest key 
regions for achieving selective inhibition. J Mol Biol 2012, 423 (3), 439-53.  
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HMR (Hydroxymethyl Rhodamine) derivatives can exist in two forms (open, closed) by 

intramolecular spirocyclization. The proportion of two forms at equilibrium state  changes 

according to pH. Various fluorescence probes have been developed using pKcycl(pH value where 

the concentration of open form and that of closed form are the same ) as an indicator
[1][2]

. In this 

research, we analyzed this intramolecular reaction computationally and found a powerful method 

to predict pKcycl of HMR derivatives directly, without synthesizing any reference compounds . 

 

We focused on closed-to-open reaction at acidic condition, and performed free energy 

calculation of local minima of HMR derivatives, considering first -shell hydration and proton 

transfer. Next, we searched each transition states which corresponded to calculated local minimum, 

and evaluated their contribution ratio to the reaction. As a result, we found energetically favorable 

chemical pathway, which dominated almost  all of close-to-open reaction. We made a formula for 

calculating pKcycl, based on equilibrium model of HMR derivatives including acid -base balance of 

their amino group and hydroxymethyl group. By calculating free energy gap throughout 

above-mentioned reaction path, we succeeded in reproducing pKcycl of measured HMR derivatives 

and predicting proportion of unknown derivatives.  

 

Moreover, we succeeded in developing new red fluorescence peptidase probes by applying pKcycl 

prediction, which shows the possibility of accurate and efficient molecular design using 

calculation with careful analysis of solvent behavior including first-shell hydration. 
 

 

[1] Sakabe, M.; Asanuma, D.; Kamiya, M.; Iwatate, R. J.; Hanaoka, K.; Terai, T.; Nagano, T.; 

Urano, Y. Journal of the American Chemical Society  2013, 135, 409. 

[2] Uno, S. N.; Kamiya, M.; Yoshihara, T.; Sugawara, K.; Okabe, K.; Tarhan, M. C.; Fujita, H.; 

Funatsu, T.; Okada, Y.; Tobita, S.; Urano, Y. Nature chemistry 2014, 6, 681. 
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Solvation phenomena play a significant role in chemical reactions and biomolecular recognition; 

however, it can be very difficult to determine the related  thermodynamic quantities. For example, 

to calculate the solvation Gibbs energy, one must know temperature dependence of the 

vaporization enthalpy or the vapor pressure. Moreover, the dispersion energy is an important 

contributor to the solvation energy of a solute. In an attempt to predict solvation Gibbs energy, 

theoretical methods including explicit or continuum solvent models have been developed and 

applied [1-3]. In an explicit solvent model, there have been an attempt of hydration Gibbs 

energies computed using the molecular dynamics simulation and the energy -representation theory 

of solvation [4]. In this study, the solvation Gibbs energies for several endocrine disruptors were 

calculated using dispersion-corrected density functional theory (DFT-D) method, which were then 

compared with experimental thermodynamic data. To decide the lowest energy structure, 
conformation search was performed.  The obtained lowest energy conformer was the initial 

structure of the DFT-D calculations in gas phase. Vibrational frequencies were calculated for 

these optimized geometries at the same level of theory in gas phase. The solute ge ometries were 

optimized in water using DFT-D functions. Similarly, vibrational frequencies were calculated for 

these optimized geometries at the same level of theory in water. Gibbs energies of solutes were 

determined by vibrational frequencies in gas phase and in water.  Partition coefficients (log P) were 

determined using the differences in Gibbs energy between two solvents (water, n-octanol). These 

predicted values well reproduced the experimental log P. 
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Three-dimensional (3D) molecular structure is responsible for biological function. Biopolymers 
can adopt some stable conformations. The condensed tannins are known as the polymer of 
polyphenol in natural products. However, most of their conformations are still elusive. Then, we 
have investigated the stable conformations of the condensed tannins by free-energy calculation to 
figure out the conformational regularity. 

Free-energy calculation was done for the natural polymer, the condensed tannins. The unit of the 
condensed tannin is flavan-3-ol such as catechin derivatives. The two adjacent units are connected 
by a single covalent bond; inter-flavan bond. The conformational freedom around the inter-flavan 
bond designates the relative direction between the upper and the lower units. In the free-energy 
calculation, we conducted the umbrella-sampling molecular dynamics simulations with the 
reaction coordinate of the dihedral angle around the inter-flavan bond. Herein, we chose the unit of 
catechin (cat), epicatechin (epi), gallocatechin (gc) and epigallocatechin (egc). For dimers of 
tannins, all permutation of two units were calculated (e.g. cat-cat, cat-epi, epi-cat, cat-gc, gc-cat, 
etc; total of 16 dimers). For trimers of tannins, total of 4 trimers (cat-cat-cat, epi-epi-epi, gc-gc-gc 
and egc-egc-egc) were investigated. 

The results showed that the free-energy landscape (FEL) of the dimer depended on the upper unit. 
The FELs of the dimers with the upper unit of cat and gc had one minima while those of epi and 
egc did two minimal basins. It may be explained by hydrogen-bond pattern between upper and 
lower units. The cat unit differs from the epi one mainly at the point of chirality of connection to 
the lower unit. The hydrogen bonds between the upper and lower units can be formed according to 
the upper-unit conformation, which can contribute the structural stability. For the trimers, the 
FELs of cat and gc showed two low regions whereas those of epi and egc did four, which might 
indicate that the conformational stability of polymer depends on the adjacent units. In our 
presentation, the detail of conformation will be displayed. Furthermore, we will show the recent 
results for cat- and epi-polymers up to 7-mer. 
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Molecular organization of the eukaryote chaperonin known as CCT/TRiC complex was recently 

clarified. Eight distinct subunits are uniquely organized, providing a favorable folding cavity for 

specific client proteins such as tubulin and actin. Because of its heterogeneous subunit 

composition, CCT complex has polarized inner faces, which may underlie an essential part of its 

chaperonin function. In this study, we structurally characterized the closed and open states of CCT 

complex, using molecular dynamics analyses. Our results showed that the inte r-subunit interaction 

energies were asymmetrically distributed and were remodeled during conformational changes of 

CCT complex. In addition, exploration of redox related characteristics indicated changes in inner 

surface properties, including electrostatic  potential, pKa and exposure of inner cysteine thiol 

groups, between the closed and open states. Cysteine activation events were experimentally 

verified by interaction analyses, using tubulin as a model substrate. Our data highlighted the 

importance of dynamics-based structural profiling of asymmetrically oriented chaperonin function.  

 

 

 

[1] Araki, K., Suenaga, A., Kusano, H., Tanaka, R., Hatta, T., Natsume, T., and Fukui, K., 

Functional profiling of asymmetrically-organized human CCT/TRiC chaperonin, Biochemical 

and biophysical research communications , 481:232-238, 2016. 

[2] Araki, K., Kusano, H., Sasaki, N., Tanaka, R., Hatta, T., Fukui, K., and Natsume, T ., Redox 

Sensitivities of Global Cellular Cysteine Residues under Reductive and Oxidative Stress, 

Journal of proteome research , 15:2548-2559, 2016. 

[3] Araki, K., Ushioda, R., Kusano, H., Tanaka, R., Hatta, T., Fukui, K., Nagata, K., and Natsume, 

T., A crosslinker-based identification of redox relay targets, Analytical biochemistry, 520:22-26, 

2017. 
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Accurate prediction of ligand binding structure and energetics remains a challenge. Accounting for 
both ligand binding and protein structure changes, such as binding site reorganization, is still very 
difficult. Two-dimensional replica-exchange approach1 is promising in that it enhances the binding 
events to predict the binding structure with high statistical accuracy. Here, we extend the method 
by introducing the generalized replica-exchange with solute tempering (gREST)2. The protein 
flexibility is incorporated by scaling the temperature of a wide solute region, involving the ligand 
and the active site residues, using gREST. We applied the method to study the ligand binding of 
Src kinase. We show that the native binding structure is correctly predicted. Importantly, the 
consideration of protein flexibility significantly improves the docking efficiency compared to the 
existing methods. We also stress that the method enhances the binding events to give high 
statistical accuracy, while long-time simulation could sample the event once per several 
microseconds. This approach, followed by binding free energy calculation, allows us to accurately 
predict protein-ligand binding affinity. 
 
[1] Kokubo, H. et al. “Two-dimensional replica-exchange method for predicting protein-ligand 

binding structures.” J. Comput. Chem. (2013) 34:2601-2614. 
[2] Kamiya, M. et al. in preparation. 
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  Vitamin D3 is hydroxylated at both the 25 and the 1α sites in a liver and a kidney, resulting in the 

active form of vitamin D3 metabolites 1α,25-dihydroxyvitamin D3 (1α,25(OH)2D3), which plays 

important roles in the regulation of calcium and phosphorus metabolism as well as in the bone 

formation. The physiological actions caused by 1α,25(OH) 2D3 are triggered by its specific 

interaction with vitamin D receptor (VDR)[1]. The previous study [2] confirmed that almost all 

cell tissues in a living organism have VDR and that  the binding of 1α,25(OH)2D3 to the VDR is 

deeply related to the pathogenesis of the immunological diseases such as cancer as well as the 

response anomaly to hormone. For elucidating the biological effect of VDR, it is indispensable to  

determine the structures of VDR bound by vitamin D derivatives. Therefore, various types of 

1α,25(OH)2D3 derivatives were synthesized [3] and the structures of their complexes with human 

VDR were determined to clarify that the derivatives form hydrogen bonds to Arg274 residue  of 

VDR and have high binding affinity for VDR. However, it is not elucidate the reason why a slight 

difference in structure of the derivatives causes a large difference in binding affinity between VDR 

and the derivatives. This fact might be a bottleneck for proposing novel derivatives as a potent 

modulator or inhibitor to VDR. 

In the present study, we employed two types of 1α,25(OH)2D3 derivatives, whose structures are 

almost the same but their effect on VDR activity is significantly different, and their specific 

interactions with VDR were investigated at an electronic level, using ab initio molecular 

simulations based on fragment molecular orbital (FMO) method [4]. Based on the results of FMO 

calculations, we elucidated which parts of the derivatives and which residues of VDR are 

important for the specific binding between VDR and the derivatives  [5].  
 

[1] Darwish H., DeLuca H. F., “Vitamin D-regulated gene expression,” Crit. Rev. Eukaryot. Gene Expr., 

3: 89−116, 1993. 

[2] Walters M. R., “Newly identified actions of the vitamin D endocrine system,” Endocr. Rev., 13:  

719−764, 1992. 

[3] Matsuo M., Hasegawa A., Takano M., Saito H., Kakuda S., Takagi K., Ochiai E., Horie K., 

Takimoto-Kamimura M., Takenouchi K., Sawada D., Kittaka A., “Design and synthesis of 

2α-(tetrazolylethyl)-1α,25-dihydroxyvitamin D3 as a high affinity ligand for vitamin D receptor,” J. 

of Steroid Biochem. & Mole. Biol., 144: 201−203, 2014. 

[4] Kitaura K., Ikeo E., Asada T., Nakano T., Uebayashi M., “Fragment molecular orbital method: an 

approximate computational method for large molecules,”  Chem. Phys. Lett., 313: 701−706, 1999. 

[5] Takeda R., Kobayashi I., Shimamura K., Ishimura H., Kadoya R., Kawai K., Kittaka A., 

Takimoto-Kamimura M., Kurita N., “Specific interactions between vitamin-D receptor and its 

ligands: ab initio molecular orbital calculations in water”,  J. of Steroid Biochem. & Mole. Biol., 

171: 75−79, 2017. 
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The mechanism of the binding/unbinding processes between protein and ligand is a crucial issue 

in in-silico drug design. In recent published papers, unbiased long-time molecular dynamics (MD) 

simulations reproduced experimentally observed protein-ligand complex structures. However, 

ligand binding to its receptor in correct pose is rare event, therefore it requires microsecond 

time-scale MD simulation. 

Supervised molecular dynamics (SuMD) [1][2] is tabu-like 

computational algorithm developed to follow protein-ligand 

approaching processes within a relatively short time-scale 

compared to traditional MD simulation. In this study, we 

extended the original protocol to an unbinding process to 

enable repetition of multiple binding/unbinding events. 

A demonstrative simulation was carried out using the X-ray 

co-crystal structure, 1QY2(PDB)[3], of major urinary protein 

(MUP) and its ligand, 2-isopropyl-3-methoxypyrazine 

(IPMP). The initial structure was prepared by taking the 

ligand apart from the binding pocket of the protein. Multiple 

SuMD simulations were performed and multiple 

binding/unbinding events occurred in each trajectory. 

Resultant complex structures were clustered into several 

binding poses. They included a ligand binding pose observed 

in traditional MD simulations of the X-ray co-crystal 

structure. 

Figure 1. A typical trajectory of  

ligand binding process. 

 

 

 

[1] D. Sabbadin, S. Moro, “Supervised molecular dynamics (SuMD) as a helpful tool to depict 

GPCR-ligand recognition pathway in a nanosecond time scale”, J. Chem. Inf. Model., 54, 372 

(2014) 

[2] A. Cuzzolin, et al., “Deciphering the complexity of ligand-protein recognition pathway using 

supervised molecular dynamics (SuMD) simulations”, J. Chem. Inf. Model., 56, 687 (2016) 

[3] R. J. Bingham, et al., “Thermodynamics of binding of 2-methoxy-3-isopropylpyrazine and 

2-Methoxy-3-isobutylpyrazine to the major urinary protein”, J. Am. Chem. Soc., 126, 1675 

(2004). 
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 Photoactivated adenylate cyclase (PAC) is a photoreceptor protein that produces the second 
messenger cyclic-AMP (cAMP) upon light illumination. PAC consists of the blue light using flavin 
(BLUF) and the adenylate cyclase (AC) domains. Recently, the crystal structure of Oscillatoria 
acuminate photoactivated adenylate cyclase (OaPAC) has been solved [1]. 
 Optogenetics is a rapidly growing field in which light is used to control biological systems. 
OaPAC is expected as an optgenetic tool to produce cAMP upon blue-light illumination. In 
addition to cAMP, the control of the cGMP level upon light illumination would be useful to 
investigate the effects of the cGMP on biological systems. Therefore, in this study, we attempt 
in-silico protein design to modify OaPAC to produce cGMP instead of cGMP. 
 In the crystal structure of OaPAC, ATP or ATP analog was not bound to the ATP binding site. 
Therefore, in this study, the crystal structure of CyaC, a homolog of OaPAC, was used to design 
the nucleotide-binding site, because ApCpp, an ATP analog, was bound to the crystal structure of 
CyaC. First, ApCpp was replaced to GTP in the crystal structure of CyaC. Then, amino acid in the 
binding site were comprehensively mutated, and the changes in GTP affinity upon mutations were 
calculated. Also, the changes in stability of the protein upon mutations were calculated. Mutants 
predicted to have high affinity of GTP forms hydrogen bonds to GTP and not to ATP. Interactions 
with both two GTPs of the CyaC dimer were found to be important to raise affinity to GTP. 
 
[1] Ohki, M. et al., Structural insight into photoactivation of an adenylate cyclase from a 
photosynthetic cyanobacterium, PNAS, 113:6659-6664, 2016 
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The cancer genome atlas project (TCGA) revealed a great number of potential new therapeutic 

targets among epigenetic factors. To accelerate epigenetic drug discovery, we produced a protein 

toolbox of reagents including active enzymes, recombinant substrates and detection antibodies, 

and set up homogeneous screening assay platforms for histone deacetylases (HDACs), histone 

acetyltransferases (HATs), lysine methyltransferases (KMTs), lysine demethylases (KDMs), and 

bromodomain proteins (BRDs). Here, we present data obtained by AlphaLISA (amplified 

luminescent proximity homogeneous assay) platforms for HDAC3, LSD1, p300, SETDB1, and 

BRD family members. In general, IC50 values of these proteins are well within published results 

for the various compounds. This protein toolbox continues to expand to include “designer” oligo 

nucleosomes which include site directed installation of modified amino a cids. Additional 

candidates can now be screened using these alternate nucleosome -based substrates. Thus, our assay 

platforms will be very useful to screen and validate candidate epigenetic drugs  as well as to study 

properties of epigenetic factors. 

 

[1] https://cancergenome.nih.gov/ 

[2] www.activemotif.com/catalog/5 

[3] www.activemotif.com/catalog/744 

[4] www.activemotif.com/catalog/1068 
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Protein kinases are ATP phosphotransferases targeting at Ser/Thr/Tyr residues of specific 
substrate proteins and then play an important role for signaling in cells. While some kinase 
proteins involved in diseases have been extensively studied as drug-discovery targets, few of 
studies have been done to understand complete structural dynamics for overall protein kinases. A 
protein kinase database, KLIFS [1], collects a variety of human/mouse protein kinases with various 
kinase families and species, kinase activities, bound (drug) molecules, site-directed mutations, and 
so on, which however takes interest on local atom interactions between the proteins and ligands. In 
the present study, by use of the KLIFS database, we have attempted comprehensive analyses of 
protein kinase collective motions in relation to the way of local protein-drug interactions.  

Data collection for this study was carried out from 849 human tyrosine kinases in the KLIFS 
database by excluding structures with a number of lacking atoms or with large similarities, leading 
to 150 representative kinase structures. Motion Tree [2,3] calculated using 207 C atoms after 
multiple alignment of the 150 structures demonstrated a significance of the domain motion 
between kinase N-lobe and C-lobe, as well as the motions of both activation loop and C-helix 
which have often been discussed in previous studies. Structural classifications were performed by 
projecting of each protein kinase onto the three motions and by assigning the information on 
kinase activities (DFG-in/C-helix-in, etc) and kinase species, which were then analyzed in relation 
to the atom interactions with bound molecules such as ATP-analog and drugs, and in combination 
with the structural dynamics data calculated from comprehensive molecular dynamics simulations. 
These findings yielded a general picture of how protein kinases are inactivated due to what kinds 
of drugs on which binding pockets, which will be useful for designing new drug molecules for 
specific protein kinases.  
 
 
[1] A. J. Kooistra et al., “KLIFS: a structural kinase-ligand interaction database”, Nucleic Acids 

Res 44: D365-D371 (2016). 
[2] K Moritsugu, R Koike, K Yamada, H Kato, A Kidera, "Motion Tree Delineates Hierarchical 

Structure of Protein Dynamics Observed in Molecular Dynamics Simulation", PLoS ONE 10: 
e0131583 (2015). 

[3] R Koike, M Ota, A Kidera, "Hierarchical description and extensive classification of protein 
structural changes by Motion Tree", Journal of Molecular Biology 426: 752-762 (2014). 
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With increase of computational power, calculations of the binding free energy by exact methods, 

such as the alchemical free energy perturbation (alchemical-FEP), routinely become possible with 

all-atom molecular dynamics (MD) simulations. In the alchemical-FEP, the bound ligand is 

thermodynamically eliminated from the binding site and is emerged to a bulk region. The 

alchemical-FEP can treat buried ligands in deep pocket,  however, accuracy for highly charged 

ligands is poor. One of the reasons is due to the finite-size effect on the charging free energy (CFE) 

in periodic systems. The CFE is the free energy change for tuning on the electrostatic interaction 

of the solute with the solvent. The finite-size effect refers to the cell-size dependence of the CFE at 

different cell sizes. [1] When the CFE is left uncorrected, a comparison of the CFE among 

different charged states is erroneous as shown in the examinations for ions and proteins  [1,2]. The 

CFE is a key component of the binding free energy, therefore, a correction scheme is necessary to 

obtain the CFE at the limit of large cell size.  

 In this study, we examine the finite-size effect on the CFE in the alchemical-FEP with 

systematically varied cell sizes of the MD unit cell , assess the performance of the correction 

scheme formulated by Hummer et al. [1], and introduce an alternative perturbation, termed “warp 

drive method” [3], providing the CFE at the limit of large cell size without any corrections.  The 

phosphotyrosine peptide (-5e) bound to the Src homology 2 domain (+1e) is employed as a test 

complex, and the CFE is calculated by thermodynamic integration method. We show that the 

finite-size effect arises at ~92 kcal/mol in the annihilation process and ~180 kcal/mol in the 

emerging process. The self-energy correction essentially corrects them within ~2 kcal/mol and ~3 

kcal/mol, respectively, and the additional correction from the solvation effect reduces the remains 

to ~2 kcal/mol and ~1 kcal/mol, respectively. This shows that the corrections scheme is absolutely 

necessary to obtain the CFE at the limit of large cell size, however, its performance at the small 

cell sizes is less effective in this examination. We also examine the warp drive method in which 

both processes in the alchemical-FEP is simultaneously executed using a solution system 

consisting of a protein-ligand complex and a distantly-positioned unbound-ligand in one MD unit 

cell. The eliminated partial charges of the bound ligand simultaneously emerge on the other ligand 

in bulk, and therefore, the total charge of the system does not change at all intermediate sates. The 

CFE by this method does not show the finite-size effect even at small cell sizes, and the value 

without any corrections is in good agreement with the summation of the corrected CFEs calculated 

by the alchemical-FEP. 

 

[1] Hummer, G., Pratt, L.R., Garcia, A.E. , Journal of Physical Chemistry , 100: 1206-1215, 1996. 

[2] Ekimoto, T., Matubayasi, N., and Ikeguchi, M., Journal of Chemical Theory and Computation , 

11:215-223, 2015. 

[3] Ekimoto, T., Yamane, T., and Ikeguchi, M., in preparation. 
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The accumulation of amyloid-β (Aβ) oligomers and fibrils in a brain has been recognized to be a 

major cause of the onset of Alzheimer’s disease (AD). It is thus expected that the inhibition of Aβ 

aggregations can prevent the onset of AD, and many kinds of agents with strong binding affinity to 

Aβ have been developed. In the design of these potent inhibitors against the Aβ aggregation, it is 

necessary to make clear the structures of the Aβ oligomers and fibrils as well as the mechanism of 

the aggregation. Recently, Lu et al.[1] revealed structural models for the in vivo Aβ nonamer, 

based on the solid-state nuclear magnetic resonance analyses for the Aβ fibrils derived from the 

brains of two different AD patients. Each of these Aβ nonamer models has a single and 

patient-specific structure possessing three-fold symmetry with respect to the axis of fibril growth . 

However, it is not elucidated why such high symmetry structure of Aβ fibrils can be stabilized.  

Molecular simulations such as molecular mechanics (MM) and molecular dynamics (MD) o nes 

for Aβ fibrils are efficient for investigating their stable structures and the mechanism of 

aggregation at an atomic level. Kahler et al.[2] conducted a systematic computational study based 

on all-atom classical MD simulations for many types of fibrill ary Aβ oligomers and concluded that 

the pairs of Aβ protofilaments are important as a seed for forming Aβ fibrils. However, they 

considered only Aβ(9-42) fragment, missing the residues of N-terminal region, which were found 

to be important for Aβ aggregation in the previous experiment. 

In our previous studies [3,4], replica-exchange MD (RE-MD) simulations were conducted in 

water for monomer and dimer models of Aβ(1-42) peptides, in order to search widely for their 

stable conformations in water. In addition, we carried out ab initio fragment molecular orbital 

(FMO) calculations for the conformations obtained by the RE-MD simulations and determined the 

stable conformations of the solvated Aβ(1-42) monomer and dimer, with considering water 

molecules explicitly. We furthermore investigated the specific interactions between Aβ peptides in 

the Aβ hexamers at an electronic level, using ab initio FMO method [5]. Our ab initio simulations 

elucidated the importance of structural water molecules for the stabilization of  Aβ fibrils. 

In the present study, to clarify the reason why the Aβ nonamer with three -fold symmetry 

obtained by Lu et al.[1] is stable, we investigated the change in structure of the Aβ nonamer by use 

of classical MD simulations in water. In addition, ab initio FMO calculations were carried out for 

some snapshots obtained by the MD simulations. The results revealed that the interactions between 

the Aβ peptides of stacked Aβ pairs make resultant contribution in stability of the Aβ nonamer. 
 
[1] Lu J.X., Qiang W., Yau W.M., Schwieters C.D., Meredith S.C., Tycko R., Cell 154 (2013) 1257–1268. 

[2] Kahler A., Sticht H., Horn A.H.C., Plos One 8 (2013) e70521. 

[3] Yano A., Okamoto A., Nomura K., Higai S., Kurita N., Chem. Phys. Lett. 595/596 (2014) 242–249. 

[4] Okamoto A, Nomura K., Yano A., Higai S., Kondo T., Kamba S., Kurita N., Chem. Phys. Lett. 577 

   (2013) 131–137. 

[5] Ishimura H., Tomioka S., Kadoya R., Simamura K., Okamoto A., Shulga S., Kurita, N.,  

   Chem. Phys. Lett. 672 (2017) 13–20. 
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Tuberculosis (TB) is one of the most widespread infectious diseases caused by the bacillus 

Mycobacterium tuberculosis (Mtb). In the treatment of TB, many kinds of drugs such as isoniazid, 

rifampicin, pyrazinamide and ethambutol have been administered. However, there is a considerable 

potential for Mtb to have resistance against these drugs. In particular, the Mtb having resistance 

against multiple drugs is called multidrug-resistant TB (MDR-TB), and the number of MDR-TBs is 

increasing rapidly. It is thus necessary to develop new anti-TB drugs targeting the most 

conservative proteins, which cannot be mutated easily [1]. As a candidate of anti-TB drugs, new 

compounds were proposed, which suppress the growth of Mtb by inhibiting the division of Mtb cell 

[2]. These drugs are targeted to cytoskeletal protein FtsZ (filamenting temperature-sensitive 

mutant Z), which plays an essential role in the cell division mechanism [3]. The inhibitor against 

FtsZ function is expected to suppress the Mtb cell growth.  

As a novel inhibitor against Mtb FtsZ, we here considered curcumin derivatives. Curcumin is a 

natural product and contained in the root of Curcumae Rhizoma, while other curcuminoids such as 

demethoxycurcumin and bisdemethoxycurcumin are also included in the root [4]. These curcumin 

derivatives have been widely used [4] as conventional drugs for treating many diseases. It was 

found that curcumin suppresses bacterial cell proliferation by inhibiting the FtsZ function [ 5]. 

However, since there are some ligand-binding pockets in Mtb FtsZ, the binding site of curcumin on 

FtsZ and the specific interactions between curcumin and FtsZ are not elucidated yet.  

In the present study, we investigated the specific interactions between Mtb FtsZ and some 

curcumin derivatives, using ab initio molecular simulations based on protein-ligand docking, 

classical molecular mechanics optimization and ab initio fragment molecular orbital (FMO) 

calculation. Based on the FMO results, we attempted to reveal which curcumin derivative can bind 

more strongly to FtsZ. In addition, we elucidated which parts of FtsZ and curcumin derivative are 

important for the specific interactions between them. The result will be useful for proposing novel 

anti-TB drugs based on curcumin derivatives.  
 

[1] H. Tomioka, Kekkaku, 85: 815–822, 2010. 

[2] P.A.J de Boer, et al., Cell, 56: 641–649, 1989. 

[3] M. Osawa, et al., Cell, 56: 641–649, 1989. 

[4] F. Kiuchi, et al., Chem. Pham. Bull, 41: 1640–1643, 1993. 

[5] D. Rai, et al, Biochem. J., 410: 147–155, 2008. 
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The initial guess of the SCF calculation is one of the most important factors to successfully achieve 
canonical molecular orbital (CMO) calculation. In order to get a precise initial guess for large 
systems, the QCLO method [1, 2] has demonstrated some great performances [3-5]. The QCLO is a 
kind of localized orbital, which is not only localized in a certain region of the molecule but also 
canonical in that region. Gathering of the subsystem QCLOs, we can obtain the precise initial guess 
of the super-system. Considering the protein structure, such as secondary structure and ion pairs, 
we can get more precise initial guess which is almost equal to the SCF convergence [2]. However, 
the procedure of computing and gathering QCLOs is so complicated and difficult.  

We have developed an automation program, QCLObot [6]. The QCLObot is inspired by an open-
source automation provisioning program, Ansible [7]. Both of the applications are written by the 
Python, and the format of input file is based on the YAML human-readable serialization data format 
[8]. The QCLObot playbook is also idempotent, in order to prevent redundant calculations and 
unexpected side-effects on the QCLO method. The QCLObot has also used template engine based 
on Jinja2 [9], so using variables and dynamic expression are enabled in the playbook.  

The fragments, which are components of the computing molecule named as the frame molecule, 
are encouraged to define by the hierarchic structure of the YAML format. The corresponding QCLOs 
of the fragments are automatically formed the basis for the YAML playbook. Therefore, not only 
contiguous amino-acid residues, but also spatially-designated chemical components can be treated 
as a QCLO fragment. Heteroatoms, such as coenzyme and prosthetic group, can be also easily 
computed based on the QCLO method by using the QCLObot program.  

We have performed some CMO calculations of proteins by using the QCLObot program. Recently, 
the simple geometrical optimization method (steepest descent and conjugate gradient method) based 
on the QCLO method has been implemented. Computational efficiency strategy by using the 
combination of corresponding orbitals in the previous optimization step is under consideration. And, 
in order to provide an easy way to make a calculation model, an elementary modeling system for 
proteins has been developed. In this presentation, we report these new features and some simulation 
results using the QCLObot application. 
 
[1] H. Kashiwagi, H. Iwai, K. Tokieda, M. Era, T. Sumita, T. Yoshihiro, F. Sato, Mol. Phys., 101:81-

86, 2003. 
[2] N. Nishino-Uemura, T. Hirano, F. Sato, J. Chem. Phys., 127:184106, 2007. 
[3] K. Chiba, T. Hirano, F. Sato, M. Okamoto, Quant. Chem., 113: 2345-2354, 2013. 
[4] Y. Yagi, Y. Naoshima, Trans. J. Soc. Sim. Tech., 4:127-136, 2012. 
[5] T. Inaba, N. Tsunekawa, T. Hirano, T. Yoshihiro, H. Kashiwagi, F. Sato, Chem. Phys. Lett., 

434:331-335, 2007. 
[6] https://github.com/ProteinDF/QCLObot 
[7] https://www.ansible.com 
[8] http://yaml.org 
[9] http://jinja.pocoo.org 
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Androgen receptor (AR) is a family of nuclear receptor proteins and a  ligand-activated 

transcription factor [1]. The bindings of ligand as well as coactivator to AR are considered to be a 

trigger for the onset of the progression mechanism of prostate cancer. Accordingly, many types of 

antagonists against AR have been developed as promising agents for treating prostate cancers. 

Among these agents, bicalutamide [2] with a non-steroid skeleton compound has been widely used. 

However, since some mutant-type ARs with strong drug-resistance have appeared, it is essential to 

develop novel agents alternative to bicalutamide. 

In the present study, we investigated the specific interactions between AR and several types of 

non-steroid agents at an electronic level, using ab initio molecular simulations. We first obtained 

the stable structures of AR+ligand complexes in water by classical molecular mechanics (MM) 

calculations, and the electronic properties of the stable structures were investigated by the ab initio 

fragment molecular orbital (FMO) method [3]. The interaction energies between AR and each of 

the ligands evaluated by FMO were confirmed to explain the trend of the observed binding affinity 

between AR and the ligands. It was highlighted that Asn705 and Arg752 of AR contribute main ly 

to the binding between AR and the ligands. 

In addition, we proposed some novel agents promising as potent ligands against AR and 

investigated the binding properties between AR and these agents [4]. The ab initio molecular 

simulations indicate that some of our proposed agents can bind more strongly with AR than the 

existing ligands and be a potent ligand against AR. 

 

[1] S. Grosdidier, L.R. Carbó, V. Buzón, G. Brooke, P. Nguyen, J.D. Baxter, C. Bevan,  P. Webb, E. 

Estébanez-Perpiná, J. Fernández-Recio, Allosteric conversation in the androgen receptor 

ligand-binding domain surfaces, Mol. Endocrinol., 26:1078–1090, 2012. 

[2] C.E. Bohl, Z. Wu, J. Chen, M.L. Mohler, J. Yang, D.J. Hwang, S. Mustafa, D.D.  Miller, C.E. 

Bell, J.T. Daltona, Effect of B-ring substitution pattern on binding mode of propionamide 

selective androgen receptor modulators, Bioorg. Med. Chem. Lett., 18:5567–5570, 2008. 

[3] K. Kitaura, E. Ikeo, T. Asada, T. Nakano, M. Uebayashi, Fragment molecular  orbital method: 

an approximate computational method for large molecules, Chem. Phys. Lett., 313:701–706, 

1999. 

[4] I. Kobayashi, R. Takeda, R. Suzuki, K. Shimamura, H. Ishimura, R. Kadoya, K. Kawai, M. 

Takimoto-Kamimura, N. Kurita, Specific interactions between androgen receptor and its 

ligand: ab initio molecular orbital calculations in water, J. of Mole. Graph. & Model., 

75:383-389, 2017. 
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 Malaria is caused by the protozoa of the genus Plasmodium.  Because of its prevalence, virulence, 

and drug resistance, it is the most serious and widespread parasitic disease. In spite of decades of 

intense researches, malaria remains a lethal disease in the world. Therefore it is urgently required 

to develop inexpensive and effective anti-malarial drugs.  

Curcumin, a polyphenolic organic molecule derived from turmeric, has been used widely as a 

traditional medicine [1]. It was found that curcumin is effective against malaria parasites, and the 

possibility that curcumin can be used a novel therapeutic agent against malaria was recognized [2].  

Curcumin is also known to have inhibitory effect on mammalian tubulin, a protein that is 

essential for cell division and cellular trafficking. It was found that curcumin can bind strongly to 

tubulin in vitro to inhibit polymer assembly and induce tubulin dimer aggregation, resulting in 

depolymerization of mitotic microtubules during cell division [3].  

Recent immunofluorescence as well as molecular docking studies for the human cancer cell lines 

suggested that curcumin might bind at the interface of alpha-beta tubulin heterodimer leading to 

altered microtubule morphology [4].  This binding site was confirmed to be similar to that of the 

microtubule destabilizing drug colchicine. Therefore, curcumin is expected to have a similar effect 

on tubulin as the existing drug colchicine. However, it is not elucidated why curcumin binds to the 

colchicine site and not to the other ligand-binding sites of tubulin.  

In the present study, we searched widely the binding site of curcumin and its derivatives on the 

alpha- and beta-tubulin monomers, using ab initio molecular simulations based on fragment 

molecular orbital (FMO) method. In addition, the same simulations were conducted for the existing 

drugs (colchicine and vinblastine), and the results for these different types of drugs were compared. 

The results obtained by our simulations will contribute to the development of new therapeutic 

agents for malaria.  

 

[1] R. K. Maheshwari, A. K. Singh, J. Gaddipati, R. C. Srimal, Multiple biological activities of 

curcumin: A short review, Life Sciences, 78:2081-2087, 2006. 

[2] R. C. Reddy, P. G. Vatsala, V. G. Keshamouni, G. Padmanaban, P. N. Rangarajan, Curcumin for 

malaria therapy, Biochemical and Biophysical Research Communications , 326:472-474, 2005. 

[3] K. K. Gupta, S. S. Bharne, K. Rathinasamy, N. R. Naik, D. Panda, Dietary antioxidant 

curcumin inhibits microtubule assembly through tubulin binding, The FEBS Journal, 273: 

5320-5332, 2006. 

[4] R. Chakrabarti, P. S. Rawat, B. M. Cooke, R. L. Copeel, S. Patankar, Cellular Effects of 

Curcumin on Plasmodium falciparum Include Disruption of Microtubules, PLOS ONE, 8(3), 

2013. 
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The mechanism of urea-induced 
denaturation of a protein has been discussed 
for a long time. The major controversy is 
which interaction component is responsible 
for denaturation: electrostatic, van der Waals 
(dispersion) or excluded-volume effect 
(cavitation). In this study, the transfer 
energetics of cytochrome c [1] and 
T4-lysozyme [2] from pure-water solvent to 
cosolvent-water mixed solvent was analyzed. 
For cytochrome c, urea is adopted and for 
T4-lysozyme, urea, methylurea, 
1,1-dimethylurea and isopropylurea was 
adopted as cosolvent. A variety of protein 
structures from near-native to partially 
unfolded ones were generated by molecular 
dynamics simulation in each mixed solvent. 
Each structure in this set was subject to the 
calculation of the solvation free energy in 
pure-water solvent and cosolvent-water 
mixed solvent. The energy-representation 
method was employed to compute the 
solvation free energy. The correlations of the 

transfer free energy of cytochrome c from pure-water solvent to urea-water mixed 
solvent against the transfer values of the average of solute-solvent interaction and its 
components are shown in the figure. The strong correlation is found against the van der 
Waals component, while the correlations are weak for the electrostatic and 
excluded-volume components. Thus the van der Waals interaction is the dominant 
component among the three. The transfer free energy is further decomposed into the 
urea and water contributions; the former is referred as the “direct mechanism” and the 
latter as the “indirect mechanism”. A similar analysis of correlation supports the 
“direct mechanism”. The direct mechanism is also supported in the cases of 
denaturation of T4-lysozyme caused by alkylurea.  
 
[1]  Yamamori, Y.; Ishizuka, R.; Karino, Y.; Sakuraba, S.; Matubayasi, N. J. Chem. Phys. 2016, 
144, 085102. 
[2] Yamamori, Y.; Matubayasi, N. J. Chem. Phys. 2017, 146, 225123. 
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F i g u r e  Transfer free energy against 
the solute-solvent interaction energy 
(black), the electrostatic component 
(green), the van der Waals component 
(red), and the excluded-volume 
component (blue). 50 structures in total 
were subject to the free energy 
calculations. 
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Alternatives to animal experiments have been official policies all over the world and 

international standards on the welfare of animals used experiments. In this study, we performed 

image processing and machine learning with cuda GPGPU [1] and phase-based image processing 

[2] to analyze the motion and dynamics of the correlation between toxic material and 

cardiomyocyte gel [3]. The kinetics of myocardial cell gels has periodicity and as each moves 

synchronously or asynchronously, we found that region division image processing was 

necessary. And we also found that kinetic analysis could be performed with high accuracy by 

using image matching by phase-only correlation method. 

 

 

[1] http://www.nvidia.co.jp/object/cuda-parallel-computing-platform-jp.html 

[2] Kuglin, C. D. and Hines, D.C., The phase correlation image alignment method, Proceedings 

International Conference on Cybernetics and Society , pp. 163-165, 1975. 

[3] Hoshino, T., Imagawa, and K., Morishima, K., Cardiomyocyte-Driven Wet Gel Robotics - 

Chemical Modulation of Cardiac Network Pattern Generator-，The 2010 3rd IEEE RAS & EMBS 

International Conference on Biomedical Robotics and Biomechatronics (BioRob 2010) , IEEE 

Robotics and Automation Society & IEEE Engineering in Medicine and Biology Society, 

547-552, 2010. 
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Recently, multi-organs- or 

body-on-a-chip have been attracting 

attention as next-generation research tools 

in drug discovery.  In these system, 

multiple types of cells were cultured in 

discrete chambers connected to each other 

via microchannels for medium circulation 

[1, 2].  In this study, we demonstrate a 

organs-on-a-chip system with parallelized 

medium circulation by using the 

pressure-driven medium circulation 

system [3]. 

The culture device in the present system 

is composed of a chamber plate, 

microfluidic plate, lid, and holder (Figure 

1). The culture unit is composed of two culture chambers, which are connected each other via 

microchannels in the microfluidic plate. The sequentially applying pressure to the chambers 

induces unidirectional circulation of medium by a similar manner as described previously [3].  

Medium circulation was successfully accomplished by sequential applied pressure. The eight set 

of the two-organ system in the single device can be simultaneously driven by the pneumatic 

pressure supplied from the external pressure control system vi a four pneumatic pressure lines in 

the lid. We have also successfully applied the eight -throughput two-organ system to the 

liver-cancer connection system to evaluate anticancer prodrug.  
 

[1] I. Maschmeyer et al., “A four-organ-chip for interconnected long-term co-culture of human 

intestine, liver, skin and kidney equivalents,” Lab Chip, 15, 2688 -2699, 2015. 

[2] C. Oleaga et al., “Multi-Organ toxicity demonstration in a functional human in vitro system 

composed of four organs,” Sci. Rep. 6, 20030, 2016.  

[3] T. Satoh et al., “Pneumatic pressure-driven circulation cell culture microfluidic device for 

investigation of vascular endothelial cells under shear stress,” Lab Chip, 16, 2339 -2348, 2016. 

 

 
Figure 1:  View of and components of the pneumatic 

pressure-driven multi-throughput multi-organs-on-a- 

chip. 
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SAR(Structure-activity relationship) is well known as one of major evaluation method for drug 
discovery and toxicity/biological activity prediction.  On the other hand, protein"s" (on/off 
target"s") based analysis is not major yet. 
In this report, we tried to evaluate the feasibility of the protein"s" based analysis.  At first we 
focused on drugs which have few side effects and chose phenylalanine derivative of oral 
hypoglycemic agent.  This type of drug do not have clinical adverse event besides low blood 
sugar.  We created on/off target"s" list from 2 kind of databases (affinity/bioassay type and Text 
mining type).  By Using the proteins listed in these databases, we calculated candidates of 
toxicity phenotype.  Moreover, we searched FDA/EMA documents (database) to verify the 
consistency of these predicted toxicities. 
 
[1] Hansch C., Smith N., Engle R., Wood H. Quantitative structure activity relationships of antineoplastic 

drugs: Nitrosoureas and triazenoimidazoles Cancer chemotherapy reports 1972 56:4 (443-456) 

 [2] Miller EC, Miller JA. Searches for ultimate chemical carcinogens and their reactions with cellular 

macromolecules. Cancer. 1981 May 15;47(10):2327-45. 

[3]Hanefeld M, Bouter KP, Dickinson S, Guitard C. Rapid and short-acting mealtime insulin secretion with 

nateglinide controls both prandial and mean glycemia. Diabetes Care. 2000 Feb;23(2):202-7. 

[4] Kawamori R, Kaku K,Hanafusa T , Kashiwabara D, Kageyama S, and Hotta N Efficacy and safety of 

repaglinide vs nateglinide for treatment of Japanese patients with type 2 diabetes mellitus J Diabetes 

Investig. 2012 Jun 6; 3(3): 302–308. 
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The thermostability of proteins has been improved by high-throughput experimental screenings 
from randomly mutated proteins so far. However, it is inefficient because it takes a lot of work and 
time to select a target. Therefore it is necessary to develop high-performance computational 
methods for predicting thermostability upon protein mutations.  

In this study, we take an alternative approach to improve protein thermostability using machine 
learning. At first, we constructed 2,000 mutants which have single point mutation at various sites 
of two proteins. Then we obtained thermostability data by experimental evaluation. Also, we 
proposed some features based on relevant information about protein local structure around the 
mutation site.  

Using the experimental data and those features as input data, we constructed a thermostability 
prediction model using support vector machine. Prediction accuracy of the model was evaluated by 
cross-validation. In the case which training and test data were selected from the same protein, the 
accuracy of predictions and the area under the curve (AUC) showed high values. On the other hand, 
when training and test data from different proteins were used, AUC values were decreased. Our 
results suggest that not only the features from local structure around the mutation site, but features 
from whole structure are important to improve prediction accuracy.   
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 One difficulty in protein structure prediction is to construct appropriate coarse-grained models. 

An emerging approach is amino acid network (AAN), where the “vertices” represent amino acid 

residues in the protein and the “links” correspond to interactions between the residues. In major 

AAN studies, the links have been defined by distance between  carbons to provide topological 

information with low computational complexity. However, these networks often lose information 

about side chains, which remain unsuccessful to categorize protein secondary structures [1]. We 

successfully distinguished between all- and all- proteins by using a new definition of AAN, 

whose links are determined by different cutoff values depending on the chemical interactions [2][3]. 

 In order to characterize the protein secondary structures by our AAN 

approach, we collected high-resolution all- and all- protein structures 

from Protein Data Bank [4]. To capture the types of interactions, we have 

constructed a network with different cutoff values for hydrophobic 

interactions, hydrogen bonds, ion bonds, disulfide bonds and covalent 

bonds as defined in [3]. The vertices are linked if any two atoms from two 

different residues are located within the cutoff distance. We compared our 

method with conventional ones in term of the ability of the secondary 

structure discrimination and calculated three network parameters: the 

average degree (k), average clustering coefficient (C) and average distance 

(L). k and C reflect the local structures, while the global structure affects L. 

As depicted in Figure A, all- proteins are well separated from all-  

proteins in the scatter plots of k versus C. The figure clearly shows that our 

method can distinguish between the all- and all- protein structures, 

which was unsuccessful in the conventional method (Figure B). On the 

other hand, it was difficult to separate the secondary structures  by using L. 

The parameters describing the local structure (k and C) are more sensitive 

to the difference of the secondary structures than that describing the global structure (L). Such 

successful discrimination suggests that AAN we defined here can be an effective coarse-grained 

model for characterizing the protein structures. 
 

[1] Alves, N. A. and Martinez, A. S., Physica A, 375:336-344, 2007 

[2] Tina, K. G., Bhadra, R., Srinivasan, N., Nucleic Acids Research, 35: W473-W476, 2007 

[3] http://pic.mbu.iisc.ernet.in   [4] http://www.rcsb.org 

Figure Scatter plots of k  

versus C for all- (○) and 

all-  (×) proteins by our 

introduced network (A) 

and previously used  

carbon network (B). 
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