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Luminescent Multi-functional Imidazole Based Cu and Cd 
MOFs for Sorption, Sensing and Catalytic Application 

Sachan, Sharad Kumar1; Anantharaman, Ganapathi1 

1Department of Chemistry, IIT Kanpur, Kanpur-208016, India 

The initial reports on the synthesis and structural characterizations of coordination polymers 

(CPs) and metal organic frameworks (MOFs) in late 1990ôs and in 1995ôs respectively and 

subsequent introduction of its applications in the fields of material science and catalysis have 

stimulated the design and synthesis of functional materials of prototype MOFs using the 

different organic linkers, and metal ions, as nodes. Some of the notable MOF materials which 

has multiple applications in the fields of gas storage, separations, sensing and catalysis are 

MOF-5, MOF-74 and HKUST-1 to name a few. Recently, the use of N-heterocyclic based 

ligands have been studied in order to develop the MOFs containing free nitrogen donor on its 

surface of the channels which potentially captures gaseous molecules and also to carry out 

Lewis base assisted organic synthesis. Keeping this in view, we have synthesized isomeric 1-

methyl-imidazole-dibenzoic acid which has an inherent properties of luminescence, and used 

as a precursors for preparation of copper and cadmium based MOFs. In this presentation, the 

solid state structures of these MOFs and its properties on sorption and sensing of gaseous 

molecules and anions will be discussed.  

  

 

 

 

 

 

      Figure.1. Cu-MOFs, viewing direction c. 
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Structural phase transition in hydrogen-bonded co-crystals of 
1,4-diazabicyclo[2.2.2]octane and some naphthalenediols 

Saitoh, Hideki; Kakuta, Hiroki 

Graduate School of Science and Engineering, Saitama University, Japan. 

Some studies that 1,4-diazabicyclo[2.2.2]octane (DABCO) forms co-crystals with molecules of 
hydrogen bond donor were reported. It was found that the co-crystal shows structural phase 
transition about rotating motion of the DABCO molecule at low temperature.  
In our study, DABCO cocrystallized with some naphthalenediols, and crystal structures for the 
co-crystals were determined. It was found that the co-crystal between DABCO and 
naphthalene-1,5-diol shows disorder for orientation of the DABCO with partial occupancy ratio 
about two orientations at room temperature, and the DABCO orientation are ordered to one 
side at low temperature. This co-crystal undergoes a polymorphic phase transition at ca. 325 
K. The space groups in low temperature phase (LT) and high temperature phase (HT) are the 
same P1-, and the unit-cell volume in HT reduces to half of that in LT. Small thermal anomaly 
was found on DSC measurement data around the temperature for the structural change on X-
ray measurement. DABCOƄnaphthalene-2,7-diol co-crystal shows similar structural phase 
transition at ca. 294 K, but symmetry change of crystal structure for the co-crystal is different to 
that for 1,5-diol co-crystal. The space group in HT is C2/c for 2,7-diol co-crystal, and that in LT 
is P1-. On this phase transition from HT to LT, crystal become twin. The thermal anomaly on 
DSC measurement for 2,7-diol co-crystal is sharper than that for 1,5-diol co-crystal. Both 
phase transitions for 1,5-diol co-crystal and 2,7-diol co-crystal are same order-disorder 
transition, but those symmetry changes are different each other.  

 

 

 

Figure.1. DABCOƄNaphthalene-1,5-diol (1:1) at 335 K (HT).  
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Covalent bonding character of d-electron of molybdenum from 
synchrotron X-ray diffraction 

Sasaki, Tomoaki1; Kasai, Hidetaka1,2; Nishibori, Eiji1,2 
1 Graduate School of Pure and Applied Sciences, University of Tsukuba, Japan 
2 Faculty of Pure and Applied Sciences and Tsukuba Research Center for Energy Materials 
Science, University of Tsukuba, Japan 

Electrons in d-orbitals of transition metals and their complexes govern their properties and 
functions. The spatial and energetic structures of d-electrons have been largely investigated 
both experimentally and theoretically in the case of 3d-system. The spatial structure of 4d- and 
5d-system have never been revealed experimentally since the contribution of 4d- and 5d-
electrons to X-ray diffraction is much lower than that of 3d-system. In this study, we 
determined the occupancies and spatial distribution of 4d-electrons in pure molybdenum by a 
charge density study from synchrotron radiation X-ray diffraction. The accuracy and precision 
of the determined d-orbital structure have been evaluated by a comparison of a density 
functional theoretical calculation by WIEN2k packages. There are valence charge density 
maxima indicating bond formation in the observed valence charge density. The electron 
deficiencies of G12 orbitals were visualized in the observed static deformation density. 
Approximately 0.5 electrons deficiency was observed from the orbital population analysis 
through a multipole refinement. Observed features were well agreed with theoretical study.  

 
 
Figure.1. Valence charge densities of molybdenum in 110 plane for (a) experiment and (b) theory. 
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Control of solid state photochromism utilizing multiple step 
crystalline photoisomerization 

Kenzo,Sawada; Akiko,Sekine; Hidehiro,Uekusa 

Department of Chemistry, Graduate School of Science, Tokyo Institute of Technology, 
Tokyo 152-8551, Japan 

Salicylideneaminopyridine shows photochromism in the crystalline-state. The cyanoalkyl 
cobaloxime complex undergoes crystalline-state photoisomerization by irradiation with visible 
light. In the present study, a ŭ-cyanobutyl cobaloxime complex was selected as a cobaloxime 
complex, and the complex with N-3,5-tert-butylsalicylidene-3-aminopyridine (SAP derivative) 
as a ligand was synthesized ( Figure 1). The ŭ-cyanobutyl group has possibility of multistep 
isomerization because of its bulkiness. We tried to control the rate of photochromism of SAP 
derivatives dynamically using the change of intermolecular interaction in the crystal by the 
multistep crystalline-state photoisomerization of ŭ-cyanobutyl cobaloxime complexes. 

 The three-dimensional structure was determined by single crystal X-ray analysis of the 
complex. Subsequently, the photoreactivity in the crystalline-state was investigated for the 
complex. As a result, the photochromic reaction of the SAP derivative by ultraviolet light 
irradiation and the photoisomerization of the ŭ-cyanobutyl cobaloxime complex by visible light 

irradiation respectively proceeded in the 
crystalline-state for this novel complex. 
Therefore, we succeeded in obtaining a dual 
photoreactive complex. Furthermore, the X-ray 
crystal structure analyses were performed for 
each visible light irradiation time. The X-ray 
results show that ŭ-form isomerized to ɔ-form 
and Ŭ-form, that is, the ŭ-cyanobutyl group 
isomerized in multistep way.  
Next, the thermal fading rate of the colored 
species by photochromism of SAP derivative was 
measured before, after 50 h, and 300h visible 
light irradiation, respectively. After 50h irradiation, 
the fading rate became slower than initial one, 
and after 300h irradiation, the rate became faster 
again. We succeeded to control the fading rate 
by isomerization of ŭ-cyanobutyl group of 
cobaloxime complex dynamically.  

 
Fig. 1. Crystalline-state photoreaction of a new dual photoreactive complex 
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In situ Control of Photochromism in Spiropyran Derivatives by 
Crystalline-State Photoreaction 

Sekine, Akiko; Tanaka, Masato; Uekusa, Hidehiro 

Department of Chemistry, Tokyo Institute of Technology, 

O-okayama, Meguro-ku, Tokyo 152-8551, Japan 

Spiropyran (SP), which is one of the well-known organic photochromic compounds, shows 
photochromism by converting to merocyanine in solution upon UV light irradiation. So far, only 
a few solid-state photochromic SP derivatives have been reported in the literature1,2 in spite of 
their importance for materials chemistry. Recently, we found a new series of solid-state 
photochromic SP derivatives. 

In this work, we synthesized a b-cyanoethyl cobaloxime complex (b-Cob) with an SP derivative 
(SP3) as an axial ligand. The complex showed ɓ-Ŭ crystalline-state photoisomerization 
reaction under visible light irradiation, and both before and after the isomerization, SP3 moiety 
displayed photochromic reaction by UV light irradiation. Interestingly, after the 
photoisomerization of b-Cob complex, the colour fading rate of SP3 photochromism decreased 
significantly. The detailed analysis of the crystal structures indicated that the reaction cavity 
around the SP3 moiety became smaller by photoisomerization of the complex, which caused 
the fading rate change. This indicated that the complex is a novel dual photoreactive complex 
3-6, and it will be possible to control the crystalline-state reaction by using two different 
wavelengths. 

 
Figure.1. Photochromism of SP3. 
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Unusual 2DŸ3D Single-Crystal to Single-Crystal Transformation 
and Multifarious Techniques of Characterization 

Sharma, Vivekanand1; De, Dinesh; Saha, Prithwidip1; Bharadwaj, Parimal. K.*1 

1Indian Institute of Technology Kanpur, Kanpur, India 

The single crystal to single crystal transformation is an exceedingly powerful tool to correlate 
the progress of physical or chemical reaction in the solid state. This provides direct insight of 
the many subtle changes that occurs as a result of any external stimulation. Here, we report an 
unprecedented 2DŸ3D transformation of a trinuclear secondary building unit changing to a 
mononuclear node. The solvothermal reaction of Zn(NO3)2·6H2O and a linear dicarboxylate 
ligand H2L, in the presence of urotropine in N,Nǋ-dimethylformamide (DMF), gives rise to a new 
porous two-dimensional (2D) coordination network, {[Zn3(L)3(urotropine)2]·2DMF·3H 2O}n (1), 
with hxl  topology. The 2D framework of 1 allows replacement of urotropine molecules by 4,4ǋ-
azopyridine (azp) linker resulting in a three-dimensional (3D) metalīorganic framework, 
{[Zn(L)(azp)]·4DMF 2H2O}n (2). The 1Ÿ2 transformation takes place in single-crystal-to-single 
crystal (Sc-SC) manner supported by powder X-ray diffraction (PXRD), atomic force 
microscopy (AFM), high-resolution transmission electron microscopy (HRTEM) and 
morphological studies. This study furnishes the usefulness of different characterizations which 
one can be follow into such type of unusual changes.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.1. SC-SC conversion of 2D MOF into a 3D MOF 
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Crystal structure and aqueous solubility of norfloxacin treated by 
high-pressure CO2 

Shimoyama, Yusuke; Hao, Yingquan 

Tokyo Institute of Technology 

 

Crystal structure and aqueous solubility of norfloxacin treated in high-pressure CO2 were 
investigated at various temperature, pressure and depressurization rate. Norfloxacin was 
treated in high-pressure CO2 at 30 to 60 oC and 5.0 to 20.0 MPa for 2 h. The treated 
norfloxacin was characterized by XRD, DSC and FT-IT. The solubility of norfloxacin treated in 
high-pressure CO2 was measured by using ultraviolet-visible spectroscopy. In Figure 1, it can 
be seen that the XRD pattern of norfloxacin is changed by the treatment in high-pressure CO2 

at 40 ᴈ and depressization rate 0.1MPa min-1 under different pressures. The results indacte 
the crystal structure of norflxoacin can be changed by high-pressure CO2. The XRD patterns of 
the treated norfloxacin is diveded into the two kinds. (a) 0.1 and 5.0 MPa treatment with 
different crystal structure form untreated sample at low angel and (b) 10.0 to 20.0 MPa 
treatment with totally different at 6 to 36 degree. The effect of pressure on the aqueous 
solubility of norfloxacin was also investigated. The solubility increases with the pressure in 
high-pressure CO2 treatment. The maximum solubility of treated norfloxacin is about 1.6 times 
higher than that of the untreated one. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.1. XRD patterns of norfloxacin treated in CO2 
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In-situ CO2 gas sorption and SCSC transformation of new 
azamacrocyclic complexes 

Jong Won Shin1,*, Dae-woong Kim2, Sungsil Jung3, Dohyun Moon2,* 
1Daegu-Gyeongbuk Branch, Korea Institute of Science and Technology Information, Daegu 
41515, Republic of Korea  
2Beamline Department, Pohang Accelerator Laboratory, 80 Jigoko-127-beongil, Pohang 
37673, Republic of Korea 

3Applied Carbon Nano, No. 104, Pohang Techno Park 4th Venture-Dong, 394 Jigoko, Pohang 
37688, Republic of Korea 

 

Coordination polymers based on azamacrocyclic compounds as building blocks with organic 
linkers have been widely studied because of structural stabilities related with heat and 
pressure and potential applications such as gas storage or separation, homo-/hetero-catalysis, 
magnetism, as well as molecular sensing.  

Recently, we designed and prepared two significant azamacrocyclic coordination polymers 
with nickel(II) and copper(II) metal ions and 2,7-naphthalenedicarboxylic acid (2,7-NDC), 
[Ni(C16H38N6)(2,7-NDC)]n (1) and [(Cu(C16H38N6)(H2O)2)][2,7-NDC] (2), respectively.  Significant 
CO2 sorption properties and behaviors of 1 were determined by in-situ single crystallography. 2 
shows interesting phenomena related with specific solvent-induced single crystal to single 
crystal (SCSC) transformation from the 1D to 0D and 0D to 1D, reversibly. 

Here, we will present the detailed preparation, crystals structures, and characteristic behaviors 
of each compounds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.1. CO2 gas adsorption behaviors of 1.  
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Decomposition products of the spherical Keplerate type 
polyoxometalate 

Yuichi, Shiokawa1; Kenji, Ohashi2; Tomoji, Ozeki2 

1Graduate School of Integrated Basic Sciences, Nihon University 

2College of Humanities and Sciences, Nihon University 

The spherical Keplerate type polyoxometalate, [MoVI
72MoV

60O372(CH3COO)30(H2O)72]42- 
(Mo132), is a fullerene-like metal oxide cluster [1]. We observed at least two substances when 
tracking the decomposition process of Mo132 in water (50 µmol/L, 80 °C) by time-dependent 
UV-vis measurements [2]. At early stages, a substance showing absorption at 325 nm was 
observed (Fig. 1, 9 hour, referred to this substance as A hereafter). With prolonged heating, 
the solution turns blue and a substance showing absorption around 750 nm was observed 
(Fig. 1, 25 hour, referred to this substance as B hereafter). In this work, we tried to analyze 
their structures by crystallizing with various cations. 

The substance A was selectively generated by boiling Mo132 aqueous solution under basic 
condition (pH 11). It can be isolated by adding sodium chloride.  

The substance B was generated by boiling Mo132 aqueous solution. Deep blue crystals 
precipitated by the vapor phase diffusion of chloroform into the acetonitrile solution of its 
tetrabutylammonium salt. Single crystal X-ray diffraction revealed that the crystal contains a 
102-nuclear spherical Keplerate type polyoxometalate.  

 

 

 

 

Fig. 1 UV-vis spectra of Mo132 aqueous solution 
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Stuctures of butt-fusion joint in HDPE pipes as studied by wide 
and small angle X-ray scattering 

Song, Hyun Hoon ; Kang, Min Kwan; Choi, Sunwoong  

Hannam University, Daejeon, S. Korea 

Polyethylene pipes in gas and water applications have proven to be reliable over their 70 years 
of successful use. The obvious advantage of polyethylene over the conventional metal-based 
pressure pipes is that they maintain exceptional resistance to corrosion and chemical attacks. 
In recent times, the application of polyethylene pipes has extended into areas where their safe 
performance is critical to maintaining the structure integrity of the piping system. Such 
applications include safety class pipes in nuclear power plants and large diameter pipes for 
conveying and/or storing greater scale volume of water.  In designing a sound polyethylene 
piping system, the structural integrity of the joints between pipes is of importance. There are 
variety of joining methods available for polyethylene pipes that include butt-fusion, electro-
fusion, mechanical joint, etc. Among them the butt-fusion method is the most widely used for 
joining larger diameter pipes. During butt fusion, a melt fusion zone (MFZ) is formed, which 
contains various morphologies due to the difference in flow behavior within MFZ. It has been 
reported that in polyethylene and polypropylene pipe butt-fusion joints, cracks were seen to 
initiate in the zone between the oriented crystallinity and fine spherulites. Through various 
studies it was observed that the ordering between crystal lamella and amorphous region as 
well as molecular orientation are crucial in giving rise to butt-fusion joint integrity. In this work 
for the first time 2D wide and small angle X-ray scattering techniques were applied to 
investigate the microstructure of MFZ in butt-fusion joint of HDPE pipe 

 
 
Figure.1. Schematics of wide and small angle X-ray scattering in melt ïfused zone of HDPE pipe 
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Reduction of dopant atoms and enhancement of ferromagnetism 
by x-ray and UV irradiation in Ce-doped TiO2  

Wu, Tai-Sing 1, Syu, Leng-You 1, Weng, Shih-Chang 2, Jeng, Horng-Tay 1,3, Chang, Shih-Lin 
1,2, and Soo, Yun-Liang 1,2 

1 Department of Physics, National Tsing Hua University, Hsinchu, Taiwan 

2 National Synchrotron Radiation Research Center, Hsinchu, Taiwan  

3 Institute of Physics, Academia Sinica, Taipei, Taiwan 

Extended x-ray absorption fine structure (EXAFS) and x-ray absorption near-edge structure 
(XANES) techniques have been employed to probe the local structure and valence of Ce 
dopant atoms in Ce-doped TiO2 nanocrystals, respectively.   As revealed by the EXAFS 
analysis, the Ce dopant atoms were found to substitute for Ti atoms in the TiO2 host with local 
structural distortion and formation of oxygen vacancy defects.  The XANES data also show 
that subvalent Ce3+ ions coexist with Ce4+ ions in the as-made Ce-doped TiO2 sample.  As a 
result of x-ray or UV irradiation, the number of oxygen vacancy defects, as well as the Ce3+ 
concentration, progressively increases with the irradiation time.  Furthermore, these materials 
exhibit room-temperature ferromagnetism that appears to be enhanced due to UV light 
exposure.  To explain the experimentally observed changes of magnetic properties due to 
oxygen vacancy formation, first-principle density functional theory (DFT) calculations have also 
been performed by using the Vienna ab initio simulation package (VASP).  The Ce-doped TiO2 
diluted magnetic semiconductor (DMS) with room-temperature ferromagnetism enhanced by 
UV irradiation may lead to important technological applications.  
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Template Synthesis and Structure of Eight-Membered Cu4I4 Ring 
Crown Motif from Dithiolate Complex 

Sugimoto, Kunihisa1; Maekawa, Masahiko2; Kuroda-Sowa, Takayoshi2; Murakami, Naoya3; 
Tahara, Keishiro3; Ozawa, Yoshiki3; Abe, Masaaki3 
1 Japan Synchrotron Radiation Research institute 
2 Kindai University 
3 University of Hyogo 

The construction of coordination polymers based on metal ions and bridging organic ligands is 
one of the most attractive areas in the field of materials research. In our previous studies, we 
have reported the synthesis and structures of mixed metal coordination polymers and 
monomer A2[Ni(mnt)2Cu4I4] (A = n-Bu4N, Na(THF)4, Na(18-crown-8)(THF)2; mnt = 1,2-
dicyanoethylene-1,2-dithiolate)[1,2]. The crown motif in these complexes consists of an eight-
membered Cu4I4 ring, which is supported by four sulfur atoms of the Ni(mnt)2 moiety. This type 
of crown motif containing the Cu4I4 ring was synthesized using a template based on dithiolate 
complexes, [M(mnt)2]2+. We assumed the isomer metal dithiolate complexes, [M(i-mnt)2]2+ (i-
mnt = 2,2-dicyanoethylene-1,1-dithiolate), are available for template synthesis of such crown 
motifs. In this work, we have successfully synthesized (n-Bu4N)2[Ni(i-mnt)2Cu4I4] building unit 
with the crown motif, as shown in Figure 1. X-ray diffraction analysis of tiny single crystals was 
performed at the BL02B1 beamline at the SPring-8 synchrotron radiation facility. Copper and 
iodine atoms are alternately connected within the eight-membered ring structure. The copper 
atom is coordinated to the nitrogen atom of the cyano group of the neighboring molecule, 
which is a doubly bridged anionic 1-D polymer consisting of [Ni(mnt)2Cu4I4]2- units as in (n-
Bu4N)2[Ni(mnt)2Cu4I4]. The details of the molecular structure and possible applications of the 
eight-membered Cu4I4 ring crown motif will be presented. 

 

Figure 1. ORTEP diagram illustrating (a) top and (b) side view of [Ni(i-mnt)2Cu4I4]2-. 

[1] K. Sugimoto et al., Chem. Commun, (1999), 455-456. 

[2] K. Sugimoto et al., Cryst. Growth Des., (2018), 18, 571ī575. 
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Crystallinity and orientation of micro-crystals in ultrathin 
biodegradable polymer blend films 

Isao Takahashi1, Khasanah1, Kummetha Raghunatha Reddy2 
1Faculty of Science and Technology, Kwansei Gakuin University, Japan 
2SABIC Research and Technology Pvt. Ltd, India 

Many physical properties of ultrathin polymers are different from those in the bulk, such as 
glass transition temperature, average size of crystallites, and crystallinity. Preferred orientation 
of crystallites dispersed in ultrathin polymers can be another feature which often brings useful 
anisotropic properties for applications. Polymer blend is an effective method to create new 
desired physical properties. As a promising biodegradable polymer, we investigate crystalline 
Poly(3-hydroxybutyrate) [PHB] which has often been blended with other polymers to reduce its 
high crystallinity so as to improve unfavourable properties, i.e., brittleness and poor 
processability. Poly(L-lactic acid) [PLLA] is a biodegradable polyester. Thus, blend of PHB and 
PLLA should be beneficial for expanding the range of applications. In this study, we studied 
molecular weight (Mw) dependence of PLLA on crystallization and preferred orientation of PHB 
films using surface-sensitive X-ray scatterings. In 30-nm-thick films, crystallization of PHB was 
reduced in the blends with PLLAs (23,000>Mw>13,000 g/mol), although the higher and lower 
molecular weight PLLAs did not affect the crystallization significantly. In contrast, in 13-nm-
thick films, crystallization is completely inhibited in the blends with PLLAs having Mw>7,000 
g/mol, while the lower molecular weight PLLA hardly affected the crystallinity. Our results 
showed that the ability of PLLA for controlling the crystallinity of PHB ultrathin films strongly 
depends on the molecular weight and film thickness. 
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Dehydration mechanism of drug crystal: A new classification of 
hydrates by kinetic behavior 

Takahashi, Michiko; Uekusa, Hidehiro 

Department of Chemistry, School of Science, Tokyo Institute of Technology, Ookayama, 
Megro-ku, Tokyo 152-8551, Japan. 

Clarifying the dehydration mechanism through the intermolecular interaction energy of 
crystalline water in crystal is important in drug development because it strongly influences the 
stability of drug product. The classification rule of dehydration process has been cumbersome 
because of the lack of an unambiguous comparison parameter.  In this study, the activation 
energy of dehydration and rehydration transition of hydrate crystals were quantitively evaluated 
by differential scanning calorimetry, dynamic vapor sorption, and thermal gravimetric 
measurements, and powder X-ray diffraction analyses. The activation energy and rehydration 
behaviour were used to classify the hydrate crystals from kinetic behaviour point of view, which 
can be related to the crystal structure. Seven pharmaceutical hydrate crystals were classified 
into three classes. ñClass 1ò had low activation energy and rehydrated easily to transform to its 
original hydrate. ñClass 2ò also had low activation energy but did not rehydrate due to 
destruction in the dehydration process followed to form amorphous phase. ñClass 3ò had high 
activation energy owing to rearrange into new anhydrous form and resulted in no rehydration. 
Moreover, these dehydration and rehydration characters agreed with their crystal structures 
analysed by single crystal X-ray diffraction. Specifically, water molecules were arranged i) one-
dimensionally in the crystal structure like channel hydrates in Class 1, ii) two-dimensionally like 
layer hydrates in Class 2, iii) without contact to each other like isolated site hydrates in Class 3. 
Therefore, activation energy offers useful measure to specify a variety of dehydration states 
and, furthermore, to predict characterization of crystal packing in hydrates.  

Figure.1. Classification of pharmaceutical hydrates. 
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Structural Instability and Improper Ferroelectricity in Aluminate-
Sodalite-type Oxides 

Taniguchi, Hiroki1; Moriyoshi, Chikako2; Moriwake, Hiroki3 
1Department of Physics, Nagoya University 

2Department of Physical Science, Hiroshima University 
3Nanostructures Research Laboratory, Japan Fine Ceramics Center 

The aluminate-sodalite-type oxide M8[AlO2]12(XO4)2 incorporates the [AlO2]12 framework whose 
structural voids are filled by M-cations and XO4-anions.(Fig. 1) In the present study, the 
ferroelectricity in M8[AlO2]12(XO4)2 (M = Ca, Sr and X = Mo, W) is demonstrated by dielectric 
and pyroelectric measurements.[1, 2] The ferroelectricity in M8[AlO2]12(XO4)2 (M = Ca, Sr and X 
= Mo, W) is found to be of improper-type, which is driven by structural fluctuation unlike the 
case of proper ferroelectricity that is induced by polarization fluctuation. Systematic 
investigations with first-principles calculations and structural analyses using synchrotron 
powder x-ray diffraction clarify a mechanism of the improper ferroelectricity in the 
M8[AlO2]12(XO4)2 (M = Ca, Sr and X = Mo, W). An excellent Figure-of-Merit for the pyroelectric 
energy harvesting is suggested in the aluminate-sodalite-type oxides with the improper 
ferroelectricity.  
References: 
[1] Y. Maeda et al., Phys. Rev. Applied 7 (2017) 034012. 
[2] T. Wakamatsu et al., Phys. Status Solidi RRL 11 (2017) 1700009. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.1. The crystal structure of aluminate- sodalite-type oxide M8[AlO2]12(XO4)2 
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Chirality Control of Triglycine sulfate Crystals by Amino acids 

Yukana, Terasawa1; Kazuhiko, Ishikawa1; Masaaki, Ichiki2; Toru, Asahi1,3 
1Graduate School of Advanced Science and Engineering, Waseda University, Tokyo, Japan 
2Research Center for Ubiquitous MEMS and Micro Engineering, National Institute of Advanced 
Industrial Science and Technology (AIST), Ibaraki, Japan 
3Research Organization for Nano & Life Inovation, Waseda University, Tokyo, Japan 

 

Chiral crystals are widely applied such as medicine, absolute asymmetric synthesis, 
optical devices and so on. Also, it is essential to be determined chirality of chiral crystals when 
we use them in industry. However, when we grow chiral crystals composed of achiral 
molecules, we obtain the same amount of left-handed crystals and right-handed crystals [1]. 
Because among crystals composed of achiral molecules about 8% of them are chiral crystals, 
it is very important to grow chiral crystals that have particular chirality. In the past, although a 
method to synthesize particular enantiomer and grow chiral crystals has been established [2], 
there are no methods to grow chiral crystals from achiral molecules. In this study, we aim to 
grow chiral crystals from achiral molecules. 

We have focused on Triglycine sulfate 
(TGS) crystals as chiral crystals from achiral 
molecules (Fig.1(a)). We grew TGS crystals by 
doping it with chiral amino acids, alanine or 
threonine, then obtained L-alanine-doped TGS 
(LATGS) crystals, D-alanine-doped TGS 
(DATGS) crystals, L-threonine-doped TGS 
(LTTGS) crystals and D-threonine-doped TGS 
(DTTGS) crystals. By single X-ray crystal 
structure analysis of those crystals, we found 
that chirality of ATGS crystals were uniquely 
determined by chirality of alanine. LATGS 
crystals were left-handed crystals and DATGS 
crystals were right-handed crystals. On the 
other hand, TTGS crystals were not uniquely 
determined by chirality of threonine. Both 
LTTGS crystals and DTTGS crystals were left-
handed crystals or right-handed crystals. 
Furthermore, TGS crystals are ferroelectricity, we measured P-E hysterisis loop. In TGS 
crystals, internel bias field (EI.B.) did not arise. In  LATGS crystals and DATGS crystals EI.B. 
arised, on the other hand, in LTTGS crystals and DTTGS crystals  EI.B. did not arise. Also, 
LATGS crystals showed positive EI.B., and DATGS crystals showed negative EI.B.. Because we 
can consider that these results showed there is a relationship between chirality of crystals and  
EI.B., we discussed their relationship and mechanism of controlling chirality of TGS crystals by 
doping it with alanine.     
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Quantification of amorphous content in mixtures using the direct 

derivation method 

Hideo Toraya 1, Kazuhiko Omote 1, Yukiko Namatame 1 

1 Rigaku Corporation 

 

The direct derivation (DD) method is a new technique, recently proposed for the quantitative phase 

analysis (QPA) using the X-ray powder diffraction method 1 ς 3). Squared structure factors, when they are 

summed up, can be replaced with the sum of squared numbers of electrons belonging to the atoms in 

the unit cell. Therefore, the DD method can conduct the QPA of Rietveld equivalent without referencing 

to structural parameters but only from chemical composition data of individual phases. 

Quantification of amorphous content in multi-component materials is a problem, which can be found 

anywhere in the fields of research and development as well as the quality control on production lines. In 

the DD method, the sum of integrated intensities, corrected for the Lorentz-polarization factor, or the 

integrated profile intensities for individual phases, measured in a wide -range, are used as observed 

data. In the whole-powder-pattern fitting, a halo pattern from a targeted amorphous component can be 

used as one of the component model patterns composing the total diffraction pattern. Weight fraction 

of amorphous component in the mixture can directly be derived, as one of the constituent materials in 

the mixture, without using internal/external standard reference material. 

In the case of crystalline -SiO2 and glass SiO2 system with various weight ratios, as one of the test 

examples, errors, defined as a difference between derived weight fraction and weighed value, were in 

the range of 0 ς 1.5 wt. (%) in the optimized conditions. Other test results will be presented in this 

report. 

References) 

1. H. Toraya (2016). J. Appl. Cryst. 49, 1508 ς 1516. 

2. H. Toraya (2017). J. Appl. Cryst. 50, 820 ς 829. 

3. H. Toraya (2018). J. Appl. Cryst. 51, 446 ς 455. 
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Analogous nickel(II) and cobalt(II) metalïorganic 
frameworks showing influence of framework metal ion on 
the dye removal properties from water  

Tsai, Meng-Jung1; Wu, Jing-Yun1*  
1Department of Applied Chemistry, National Chi Nan University, Nantou 545, Taiwan 

 

Complexes [M4( -cam)4(bpzpip)3(H2O)]ĀDMAcĀ3H2O (1, M = Ni; 2, M = Co) were 
hydro(solvo)thermally prepared from the reactions of MCl2Ā6H2O (M = Ni, Co), -camphoric 
acid ( -H2cam), and N,Nǋ-bis(pyraz-2-yl)piperazine (bpzpip) in N,Nᾳ-dimethylacetamide 
(DMAc)ïH2O at 150 °C. Complexes 1 and 2 are isomorphous and isostructural, both of which 
adopt a 3D (4,6)-connected framework with (42.52.72)(42.57.65.8) topology. Dye removal 
performances of 1 and 2 toward methyl orange (MO), malachite green (MG), and methyl blue 
(MyB) from water were explored in dark at room temperature. Among the three selected 
organic dyes, 1 adsorb only MyB from aqueous solution with saturated adsorption capacity of 
216 mg gï1, while 2 capture not only MyB but also MG from aqueous solution with saturated 
adsorption capacities of 671 and 405 mg gï1, respectively. The isotherm and kinetic studies 
revealed that adsorption data for MyB over 1 and 2 and MG over 2 all were well fitted to the 
Langmuir isotherm and the pseudo-second-order kinetics models. Furthermore, 1 can 
selectively bind MyB over MO from a MyB/MO mixture while 2 can selectively bind MyB and 
MG over MO from a MyB/MO mixture and a MG/MO mixture, respectively. These findings 
demonstrate that the two analogous MOFs are promising adsorbents for efficient removal of 
dyes and show the influence of framework metal ion (Ni2+ and Co2+) on the dye removal 
properties including adsorption rate and capacity as well as adsorbate from water.  
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Structural study of sustained release of bisphenol inclusion 
compounds with fragrant monoterpene alcohols 

Ueno, Takuya; Sekine, Akiko; Uekusa, Hidehiro 

Department of Chemistry, Tokyo Institute of Technology, Ookayama 2, Meguro-ku, Tokyo 
1528551, Japan. 

Inclusion crystals incorporating guest molecules into host frameworks are functional crystalline 
materials offering protection or sustained release the guest molecules.  In this study, novel 
functional inclusion crystals that release fragrant molecules were designed by using bisphenol 
host BHC with monoterpene alcohols guests (L-menthol, Ŭ-terpineol, terpinen-4-ol, linalool and 
(-)-carveol).  In addition, their crystal structures, and the guest desorption rates of inclusion 
crystals were examined to reveal structural factors of the sustained release function. 

The inclusion crystals had similar structures with a host-guest ratio of 1:1 (Fig.1).  Between the 
layered host frameworks, the guest monoterpene alcohols were trapped by accepting and 
donating O-H...O hydrogen bonds and formed sandwich-like inclusion structures.  Although the 
high crystal structure similarity, the sustained guest release rates were significantly different, 
and the order was L-menthol > Ŭ-terpineol > terpinen-4-ol.  This order would be explained by 
the difference of the volume of the guest-occupied region in each inclusion crystal.  The 
volume of the regions were different due to the positions of the OH and molecular shapes of 
the guests.  Actually, the volume order was L-menthol > Ŭ-terpineol > terpinen-4-ol, which 
corresponded to the guest release rates.  Therefore, guest molecules in a small solvent region 
are strongly retained by the host framework and difficult to be desorbed. Interestingly, after the 
complete desorption, the crystal structure transformed to one polymorph of BHC, which went 
back to the inclusion crystal form by absorbing the guest vapors.  

 

 
 
 
 
 
 
 
 
 
 

 

 

(a) (c) (b) 

Figure 1 Guest molecule region of inclusion 

crystals:   (a) L-menthol-BHC, (b) Ŭ-terpineol-BHC 

and (c) terpinen-4-ol-BHC. 
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Structural Studies of the interaction between PTP1B and the 
Janus Kinases 

Morris, Rhiannon1,2; Kershaw, Nadia 1,2; Laktyushin, Artem 1,; Hilton, Douglas 1,2; Babon, 
Jeffrey 1,2 
1 The Walter and Eliza Hall Institute of Medical Research. Parkville, Victoria, Australia 2 
Department of Medical Biology, The University of Melbourne, Victoria, Australia 

The highly coordinated regulation of JAK-STAT signalling is critical for maintaining 
homeostasis, as aberrant signalling can result in a number of haematological malignancies. 
Protein Tyrosine Phosphatase 1B (PTP1B) is a negative regulator of cytokine signalling that 
functions by directly removing phosphate groups from tyrosine residues on the Janus Kinase 
(JAK) proteins, thereby inactivating them. Previous studies of PTP1B bound to phosphorylated 
peptide substrates revealed two phosphotyrosine binding pockets which bind tandem 
phosphotyrosine residues, with a preference for the first phosphotyrosine in the catalytic site. 
Despite the important role PTP1B plays in the negative regulation of the JAK proteins, little is 
known about the interaction between these molecules, thus we sought to investigate how 
PTP1B interacts with, and subsequently dephosphorylates JAK2. We have determined the co-
crystal structures of the PTP1B phosphatase domain bound to JAK activation loop peptides. 
NMR and biochemical assays were used to support structural data and allowed us to shed 
light onto the mechanism of substrate dephosphorylation. Our PTP1B and JAK activation loop 
peptide co-crystal structures revealed that for JAK2, the second phosphotyrosine is the 
preferred substrate for the PTP1B catalytic site. NMR studies further supported the crystal 
structures and showed that the second phosphotyrosine is likewise the preferred substrate for 
dephosphorylation. These data suggest a mechanism for PTP1B catalysed dephosphorylation 
of the JAK proteins. Our findings provide useful information regarding the mechanism of ligand 
recognition and dephosphorylation by PTP1B and may aid design of novel small molecules to 
either inhibit PTP1B for the treatment of diseases. 
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Phactr1 contains an atypical RVxF motif competitively 
binding to PP1 or G-actin 

Stephane Mouilleron1, Magdalena Prechova1 and Richard Treisman1 

1The Francis CRICK Institute, London, United Kingdom  

 Phosphatase and actin regulators (Phactr) are a family of four proteins that are highly 
expressed in the nervous system. They have been described as PP1 and G-actin binding 
proteins, but their function is still not very well understood. Phactr1 has been implicated in 
reorganisation of actin cytoskeleton, angiogenesis or cell migration, however the signalling 
pathways affected by Phactr1 activity has not yet been elucidated. Phactr1 contains a G-actin 
binding domain formed by a repeat of three RPEL motifs. Actin binding regulates Phactr1 
intracellular localization as well as interaction with PP1. PP1 is a ubiquitously expressed 
Ser/Thr phosphatase which generally lack substrate specificity and associate with a large array 
of targeting subunits (~200) to achieve the requisite selectivity. We suggest, that Phactr1 
works as a regulatory subunit of PP1. 

Phactr1 contains an atypical RVxF motif (519LIRF522) located within the overlapping region 
between the G-actin binding domain and the PP1 binding domain.  We have demonstrated that 
PP1 and G-actin compete to bind to the atypical RVxF motif of Phactr1. Using X-ray 
crystallography we solved the structure of Phactr1 bound to three G-actin molecules as well as 
the structure of Phactr1 bound to PP1Ŭ. These crystal structures shed light on the molecular 
mechanism allowing Phactr1 atypical RVxF motif to either bind to G-actin or PP1. Also, the 
structure of Phactr1:PP1Ŭ complex was solved at two different pH showing different binding 
modes..  
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Toward elucidation of substrate recognition mechanism of PAD 
isozymes 

Anna Nagai1, 2, Kazumasa Funabashi1, Ryutaro Mashimo1, 2, Megumi Akimoto1, 2, Kenichi 
Kitanishi1, Kenji Kizawa3, Hidenari Takahara2, 4, and Masaki Unno1,2 
1Graduate School of Science and Engineering, Ibaraki University, 4-12-1 Nakanarusawa, 
Hitachi, Ibaraki 316-8511, Japan 
2Frontier Research Center for Applied Atomic Sciences, Ibaraki University, 162-1 shirakata, 
Tokai, Naka, Ibaraki 319-1106, Japan 
3Kao Corporation, Biological Science Research Laboratory, 5-3-28 Kotobuki, Odawara, 
Kanagawa 250-0002, Japan  

4Department of Applied Biological Resource Science, Ibaraki University, 3-12-1 Chuo, Ami, 
Inashiki, Ibaraki 300-0393, Japan 

Peptidylarginine deiminase is a post-translational modification enzyme that catalyzes the 
conversion of arginine residue in protein to citrulline in the presence of Ca2+ ion. In human, 
there are five PAD isozymes (PAD1-4, PAD6) and they are related to a variety of diseases 
such as rheumatoid arthritis, dermatosis, and multiple sclerosis and so on. In the hair follicle, 
expression of three isozymes (PAD1, PAD2, and PAD3) is known and the X-ray crystal 
structures of PAD1 and PAD2 have been reported. These three PAD isozymes convert 
arginine residues of Ca2+-binding protein S100A3, which has four arginine residues (R3, R22, 
R51, R77), to citrulline residues. In vitro, PAD3 specifically citrullinates R51, whereas other two 
isozymes PAD1 and PAD2 citrullinate all four arginine of S100A3. The goal is to elucidate the 
structural differences of substrate recognition by PADs. Using the crystal that obtained under 
the condition (0.1-0.2M HEPES, 0.1-0.2M KCl, 35-45% 5/4 PO/OH), soaking to the solution 
containing the BAEE (NŬ-Benzoyl-L-arginine ethyl ester hydrochloride) was carried out by 
gradually increasing its concentration. As a result, the BAEE-PAD3(C646A)-complex structure 
was obtained at 2.54 Å resolution, and it was able to confirm the electron density of BAEE. The 
Crystals belonged to space group R32, with unit-cell parameters a=b=115.711, c=330.207 Å. 
We will report the details of the crystal structure of the BAEE-PAD3(C646A)-complex. In 
addition to the detailed mechanisms of substrate recognition by PAD isozymes will be 
discussed in this conference. 
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[1] S. Saijo, A. Nagai, S. Kinjo, K. Kizawa, M. Unno, et al., J. Mol. Biol., 428 (2016), pp. 3058-

3073. 
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Decameric and dodecameric structures of archaeal 
peroxiredoxins 

Tsutomu Nakamura1,2; Tomoki Himiyama1,2; Maki Oshima1; Koichi Uegaki1,3 
1National Institute of Advanced Industrial Science and Technology 
2DBT-AIST International Laboratory for Advanced Biomedicine (DAILAB) 
3Faculty of Agriculture, Kindai University 

 Peroxiredoxins (Prxs) are thiol-dependent peroxidases that are widespread in all biological 
kingdoms. Prx has a variety of quaternary structures involving monomers, dimers, decamers, 
and dodecamers. Decameric and dodecameric Prxs consist of ring-type arrangements of five 
and six homodimers, respectively. Here, we present the crystal structures of Prxs from the two 
hyperthermophilic archaea Pyrococcus horikoshii and Thermococcus kodakaraensis (PhPrx 
and TkPrx, respectively). These Prxs have high sequence identity: among the 216 residues, 
196 are common. PhPrx was a decamer as we have previously reported [1]. However, TkPrx 
was shown to be a dodecamer. Since oxidized PhPrx can form a dodecamer [2], we compared 
PhPrx and TkPrx mutants in which all Cys residues were converted to Ser. As a result, the 
mutants exhibited the same crystal structure as the wild type, and the differences in the PhPrx 
and TkPrx quaternary structures were not affected by the mutation. By gel-filtration 
chromatography, TkPrx was eluted from the column with a slightly smaller elution volume than 
PhPrx. Since these Prxs are highly homologous, the gel-filtration chromatography supports 
higher-order molecular assembly of TkPrx in solution. The gel-filtration peaks of PhPrx and 
TkPrx shifted to higher elution volumes. This shift was considered to be a consequence of fast 
equilibration between the decamer/dodecamer and dimers rather than reflecting the lower-
order assembly of these Prxs. 

[1] Acta Cryst. F 69, 719-722 (2013) [2] J. Biochem. 162, 415-422 (2017) 
 
 

 
Figure1. Crystal structures of PhPrx and TkPrx 
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Characterisation of the UIM domain in RNF114 

Nguyen, Khanh H T; Foglizzo, Martina and Day, Catherine L. 

Department of Biochemistry, School of Biomedical Sciences, University of Otago. 

Attachment of ubiquitin molecule(s) to proteins, termed ubiquitylation, regulates many cellular 
processes such as proliferation, cell growth and DNA repair. In the process of ubiquitylation, 
the key player is an E3 enzyme which facilitates the transfer of ubiquitin from an E2 ubiquitin-
conjugating enzyme to substrate proteins. RNF114 is a RING E3 ligase involved in ubiquitin-
mediated proteasomal degradation of MAVS (mitochondrial antiviral-signalling) protein in the 
RLH signalling pathway (Lin et al., 2017). This study aims to characterise RNF114 RING E3 
activity and the role of its UIM (ubiquitin interacting motif) domain. 

SEC-MALS analysis demonstrated that RNF114 is a monomer in solution. Biochemical assays 
showed that this RING E3 canonically interacts with UbcH5b and Ube2K and promotes 
ubiquitylation in vitro. Intriguingly, the C-terminal helical UIM domain significantly enhanced the 
processivity of RNF114. Remarkably, this domain promotes poly-ubiquitin chain assembly by 
UbcH5b, an aspect that has not been previously reported. Pull-down assays suggested that 
the UIM domain not only significantly increased the affinity for the E2~Ub conjugates but also 
for ubiquitin chains as acceptor ubiquitin (UbA). Mutations targeting the residues in the UIM 
domain significantly decreased the affinity for poly-ubiquitin chains that resulted in the loss of 
RNF114 E3 ligase activity. Collectively, the findings suggest that the UIM might bring UbA in 
proximity of the E2 active site, thereby facilitating Ub transfer. It could be postulated that other 
domains additional to the RING domain (e.g. the UIM domain) could enhanced ubiquitylation of 
RING E3 ligases.  
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Regulation of ubiquitin transfer by Ark2C 

Paluda, Andrej; Middleton, Adam; Mace, Peter; Day, Catherine 

Department of Biochemistry, School of Biomedical Sciences, University of Otago, Dunedin, 
New Zealand 

Ubiquitylation is a post-translational modification executed by a cascade of enzymes that result 
in attachment of ubiquitin to a substrate lysine residue. The E2 conjugating enzymes 
determine the topology of ubiquitin signal, whereas the E3 ligases specify the substrate and 
enable its modification by ubiquitin. In recent years, it has become apparent that regulation of 
E3 ligases is important for proper cell function, and is carried out in different ways1. Notably, 
research in our laboratory revealed that the RING domains of Arkadia and Ark2C, a subclass 
of E3 ligases, bind ubiquitin and that this molecule regulates activity2. 

Our aim was to reveal the molecular details of key 
interactions between Ark2C bound regulatory ubiquitin 
(UbR) and E2 conjugated donor ubiquitin (UbD). We 
crystallized and solved the structure of Ub-
Ark2C:UbcH5b~Ub in a catalytically primed 
conformation (Fig.1), and this structure provided 
critical information on how UbR:UbD interactions drive 
ubiquitylation by Ark2C.  

 

Figure 1. Catalytic complex of UbR(green) bound to Ark2C(red) and UbcH5b(blue) conjugated with UbD(orange). 

As we have shown that Arkadia and Ark2C interact with two E2s, UbcH5b and Ubc13, 
resulting in distinct biological outcomes, we investigated what defines E2 specificity. We have 
successfully identified two key features of Ark2C that contribute to activity regulation and E2 
specificity. These features will be characterized on the poster. 

We hypothesise that the UbR binding by RING domain of Ark2C drives ubiquitylation, whereas 
the residues N-terminal to the RING domain confer E2 specificity. 

 

1. Zheng N, Shabek N. 2017. Ubiquitin ligases: structure, function, and regulation. Annu. 
Rev. Biochem.  86:129ï57 

2. Wright, J.D., Mace, P.D., Day, C.L., 2016. Secondary ubiquitin-RING docking enhances 
Arkadia and Ark2C E3 ligase activity. Nat. Struct. Mol. Biol. 23, 45ï52. 
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Assembly and function of two interacting oncogenic 
pseudokinase scaffolds 
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1The Walter and Eliza Hall Institute of Medical Research, Melbourne, 3052, Australia  
2Department of Medical Biology, University of Melbourne, Melbourne, 3052, Australia 

3Department of Biochemistry and Molecular Biology, Bio21 Molecular Science and 
Biotechnology Institute, University of Melbourne, Melbourne, 3052, Australia 
4Australian Synchrotron 

5Department of Biochemistry and Molecular Biology, Monash University, Melbourne, 3800, 
Australia 
6Cancer Program, Biomedicine Discovery Institute and Department of Biochemistry and 
Molecular Biology, Monash University, 3800, Australia 

The mammalian pseudokinase SgK223, and its structurally-related homologue SgK269, are 
oncogenic scaffolds that nucleate the assembly of specific signaling complexes and regulate 
tyrosine kinase signalling. Both scaffolds are implicated in specific human malignancies: 
SgK223 in pancreatic ductal adenocarcinoma (PDAC) progression and SgK269 in colon and 
breast cancer as well as PDAC. Previously, we demonstrated that these proteins form homo- 
and hetero-oligomers in vitro and in cells, a mechanism that underpins a diversity of signalling 
outputs [1]. However, how these two scaffolds organise specific signalling complexes to 
regulate contrasting cellular responses remains largely uncharacterised. To gain mechanistic 
insights into how these enzymatically-dead pseudokinases regulate oncogenic signal 
transduction networks, we recently determined the structure of SgK223 pseudokinase domain 
and its adjacent N- and C-terminal helices. Our structure uncovers how the N- and C-
regulatory helices engage in a novel fold to mediate the assembly of a high-affinity dimer. In 
addition, we identified regulatory interfaces on the pseudokinase domain required for the self-
assembly of large open-ended oligomers. This study highlights the remarkable diversity in how 
the kinase fold mediates non-catalytic functions and provides mechanistic insights into how the 

assembly of these two oncogenic scaffolds is 
achieved in order to regulate signaling output 
[2]. 

[1] Liu L, et al. (2016), Homo- and heterotypic 
association regulates signalling by the 
SgK269/PEAK1 and SgK223 Pseudokinases. 
J Biol Chem, 291:21571-83. [2] Patel O, et al. 
(2017), Structure of SgK223 pseudokinase 
reveals novel mechanism of homotypic and 
heterotypic association. Nat Commun 27: 
1157 
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New approaches to synchrotron X-ray diffraction data collection 

Paterson, Neil 

Diamond Light Source 

Despite the advances in synchrotron hardware over the years, particularly in the detector field, 
the way we approach data collection still largely follows the old paradigm of screening images 
> strategy determination > data collection for each individual sample. This ómaximum 
dose/minimum completenessô approach risks radiation damage to samples that are more 
sensitive than average and the resulting dataset can be inadequate for weaker experimental 
phasing cases. The advent of fast photon-counting detectors; widespread availability of multi 
axis goniometry; high-speed and precise stages; and robust automatic processing of both full 
and partial data sets mean that this traditional approach can also be quite inefficient in the use 
of beamtime due to the overheads associated with each step.   

At Diamond, we are exploring the idea of using low dose, high multiplicity measurements to 
build up each dataset and relying on counting statistics to improve signal/noise. This involves 
the collection of multiple weak sweeps of data that are combined to yield a dataset with 
comparable intensity to the traditional approach but with higher precision and a more even 
radiation damage spread. For sensitive samples, radiation damaged data can be excluded 
without compromising overall completeness. This removes the need for indexing and lifetime 
estimation prior to data collection. In combination with automated X-ray centring of samples, 
this approach provides a path to providing fast and efficient, fully automatic data collection.  
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Developing selective inhibitors to MYST histone 
acetyltransferases 

Peat Thomas S1, Newman Janet1, Hermans Stefan J2, Chung Matthew C2, Parker Michael W2, 
Ren Bin1, Dennis Matthew L1, Dolezal Olan1, Baell Jonathan B3, Stupple Paul4, Bozikis Ylva4, 
Lagiakos H Rachael4, Camerino Michelle4, Voss Anne K5, Thomas Tim5, Falk Hendrik4, Street 
Ian P4, Monahan Brendon J4 
1 Biomedical Program, CSIRO, Parkville, VIC 
2 St Vincentôs Institute of Medical Research, Fitzroy, VIC 

3 Monash Institute of Pharmaceutical Sciences, Parkville, VIC  
4 CRC for Cancer Therapeutics, Parkville, VIC 

5 Walter and Eliza Hall Institute of Medical Research, Parkville, VIC 

Histone acetylation by lysine acetyltransferases (KATs) is an important biological process for 
the function and regulation of chromatin. There are a number of important lysine 
acetyltransferases found in the cell and one class of these is the MYST family of KATs (KAT5 
ï KAT8). When dysregulated, these proteins may become oncogenic (e.g. KAT6A also known 
as MOZ). This family of proteins has been investigated by the CRC for Cancer Therapeutics as 
potential targets for cancer therapeutics. Structure based drug design using SPR and X-ray 
crystallography was an important component of the campaign to develop specific inhibitors to 
these targets. I will describe the methods used and some of the results from this program of 
work. 

References:  

Inhibitors of histone acetyltransferases KAT6A/B induce senescence and arrest tumour 
growth. Baell et al, Nature 560:253-257 (2018).  
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Phototoxic Orange Fluorescent Proteins 
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3 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, 
Moscow, Russian Federation 

4 Faculty of Biology, Moscow State University, Moscow, Russian Federation 

5 Nizhny Novgorod State Medical Academy, Nizhny Novgorod, Russian Federation 

Phototoxic fluorescent proteins represent a sparse group of genetically encoded 
photosensitizers that could be used for precise light-induced inactivation of target proteins, 
DNA damage, and cell killing. Only two such GFP-based fluorescent proteins (FPs), KillerRed 
and its monomeric variant SuperNova, were described up to date. We present a 
crystallographic study of their two orange successors, dimeric KillerOrange and monomeric 
mKillerOrange, at 1.81 and 1.57 Å resolution, respectively. They are the first orange-emitting 
protein photosensitizers with a tryptophan-based chromophore (Gln65-Trp66-Gly67). Same as 
their red progenitors, both orange photosensitizers have a water-filled channel connecting the 
chromophore to the ɓ-barrel exterior and enabling transport of reactive oxygen species (ROS). 
In both proteins, Trp66 of the chromophore adopts an unusual trans-cis conformation 
stabilized by H-bond with the nearby Gln159. This trans-cis conformation along with the water 
channel was shown to be a key structural feature providing bright orange emission and 
phototoxicity of both examined orange photosensitizers. 
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Targeting TIR domain assemblies in TLR signalling 
pathways to design anti-inflammatory compounds  
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Toll-like receptors (TLRs) are central components of host innate immunity. Upon activation, 
their cytosolic TIR (Toll/interleukin-1 receptor) domains recruit the TIR-domain containing 
adaptor proteins MyD88 and MAL via TIR: TIR interactions, which triggers downstream 
activation of the transcription factor NF-əB to induce anti-pathogen responses. MAL works as a 
bridging adaptor for the association of MyD88 with TLR2 and 4.  

Excessive or prolonged activation of this signalosome may lead to chronic inþammatory 
diseases, so a broad spectrum anti-inflammatory drug can be designed by targeting the 
TLR2/4 pathways. TLR-antagonist designed against the extracellular domains of the receptors 
has had limited outcomes. Targeting protein-protein interactions of the downstream adaptors 
provides an alternative approach.  

We have recently shown that the MALTIR spontaneously and reversibly forms filaments in vitro 
and cryo-EM, mutational and cell-based studies have identified a conserved open-ended mode 
of TIR domain interaction that is important for the formation of a functional TLR4 signalosomes 

and NF-kB activation. To identify small molecules that can inhibit the formation of these TIR 
domain assemblies, a library of 400 fluorinated fragments was screened by 19F-NMR 
spectroscopy, and 17 hits were identified that bind with MALTIR. Hits were further validated by 
HSQC and SPR. SAR by catalogue and molecular docking have been adopted to identify 
commercial compounds that carry the scaffolds of these hits. Moreover, a number of small 
molecules have been identified that inhibit MALTIR assembly in vitro at µM concentrations. 
They also significantly inhibit TLR-mediated (MALTIR-dependent) IL-6 production in human 
PBMCs and are promising leads for further evaluation as anti-inflammatory drugs.  
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Biochemical and structural characterisation of a SGNH hydrolase 
from Anabaena sp. 

Rammohan, Harsha Narayani1; Manoj, Narayanan1 
1Department of Biotechnology, Bhupat and Jyoti Mehta school of Biosciences, Indian Institute 
of Technology Madras, Chennai, India - 600036.  

The SGNH hydrolase superfamily is a large, recently discovered group of Ŭ/ɓ proteins. The 
superfamily is named after the conserved catalytic residues: Ser, His constituting the classical 
triad with Asp and the oxyanion hole residues, Gly and Asn. Though the superfamily members 
share poor sequence homology, they possess a highly conserved flavodoxin-like core fold. 
Sequence and structural variations within the superfamily has resulted in diverse enzyme 
families with broad substrate specificities and functions. In order to better understand the 
structural basis of substrate specificity in this superfamily, we chose AnAEst, a SGNH 
hydrolase from the cyanobacterium Anabaena sp. AnAEst exhibits a natural variation where 
the conserved Gly is replaced by Arg, making it a SRNH hydrolase. Further, in a case of 
correlated mutation, the Arg54 is stabilised by a salt-bridge with Glu92 present in a structurally 
variable region. AnAEst displayed arylesterase and thioesterase activities, with specificity for 
aryl esters of short chain carboxylic acids (~C3). Interestingly, unlike the wild-type, the mutant 
R54G demonstrated an enhanced specificity for phenyl esters over naphthyl esters, 
suggesting a role for Arg54 in substrate binding and specificity. The crystal structures of wild-
type (1.75 Å) and two mutants, R54G (1.78 Å) and E92A (1.80 Å) were determined. A 
comparison of the wild-type and mutant structures revealed changes in non-bonded 
interactions in the active site showing how a single switch residue can modulate substrate 
specificity in SGNH hydrolases.  

  
 
Figure.1. Ribbon diagram of AnAEst monomer with the catalytic residues represented as sticks. The salt-bridge 
between Arg54 and Glu92 is indicated by a dashed line (PDB ID 1Z8H).  
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MenJ, a novel oxidoreductase involved in menaquinone 
biosynthesis that is essential for pathogenesis in Mycobacterium 
tuberculosis 

Randall, George and Lott, J Shaun 

School of Biological Sciences, The University of Auckland, Auckland 1010, New Zealand 

According to the World Health Organisation, tuberculosis (TB) has recently become the 
leading cause of death due to infectious disease, surpassing HIV. Challenges to the treatment 
of TB include drug resistant strains of the causative pathogen, Mycobacterium tuberculosis 
(Mtb), and the latency of the bacterium that allows it to persist in a non-replicative, drug-
insensitive state. To address these challenges, new therapeutics must be designed that target 
novel mechanisms essential for Mtbôs survival. One such mechanism is the partial saturation of 
menaquinone, the lipoquinone that functions to ferry electrons across the electron transport 
chain during oxidative phosphorylation. The enzyme catalysing this reaction, MenJ, is non-
essential for in vitro growth but is conditionally essential for Mtbôs survival within host 
macrophages. Thus, inhibition of MenJ would potentially prevent Mtb from surviving within 
macrophages. MenJ is a FAD-containing protein, homologous to bacterial geranylgeranyl 
reductases. Despite Mtb utilising menaquinone as the sole lipoquinone in vivo, MenJ has been 
shown to recognise both menaquinone and ubiquinone in vitro. Understanding substrate 
recognition and regiospecificity would be enabled by a high-resolution crystal structure of 
MenJ. The primary aim of this project is to produce protein crystals of MenJ from Mtb or 
Mycobacterium smegmatis suitable for X-ray diffraction analysis, which would be the first step 
in a target-based drug discovery approach to the design of MenJ inhibitors.  
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Investigation of lysozyme-like proteins from Trichomonas 
vaginalis   

Reeves, David1; Goldstone, David1; Barnette, Michael1; Simoes-Barbosa, Augusto1 
1University of Auckland School of Biological Sciences 

Trichomonas vaginalis is the most common non-viral STI in the world, with more than 143 

million new infections each year, infecting 5% of women and 0.6% of men worldwide causing 

trichomoniasis1.  Infection requires adherence of the protozoa to the epithelial tissue of the 

urogenital tract, which is inhibited by the native microbiota. Symptoms include urethritis, and 

vaginal pruritus. Most infections are asymptomatic but confer complications such as 

increased cervical and prostate cancer risk, and a 2-3-fold increased risk of HIV acquisition. 

Treatment, limited to metronidazole and tinidazole, is becoming less frequently successful as 

drug resistant strains are on the rise  

The T. vaginalis genome was published in 2007, which identified a highly expanded 

degradome2. Previous work from our group characterised nine NlpC proteins, which 

demonstrate activity against bacterial cell wall peptidoglycan by cleaving the peptide cross 

links.  

To further explore the repertoire of peptidoglycan degrading enzymes in T. vaginalis, we 

searched the T. vaginalis genome for lysozyme-like proteins. Lysozymes are peptidoglycan 

degrading enzymes which hydrolyse the glycosidic bond between the N-acetylmuramic acid 

and N-acetyl-D-glucosamine subunits of peptidoglycan. We identified eight candidate 

lysozyme-like genes. Sequence analysis revealed five contained arginine rich signal 

sequences like those seen in NlpC proteins. Cloning and expression revealed that removal of 

signal sequences was required for soluble expression. Turbidity assays are in progress to 

determine the ability of T. vaginalis lysozymes to degrade peptidoglycan extracted from 

Escherichia coli and Bacillus subtilis. One lysozyme-like protein has successfully been 

crystallised and its structure solved to 1.4Å. 
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Crystal structure of inositol 1,3,4,5,6-pentakisphosphate 2-kinase 
from Cryptococcus neoformans 

Oh, Juntaek1; Lee, Dong-Gi2; Bahn, Yong-Sun2; Rhee, Sangkee1 

1Seoul National University, Seoul, Republic of Korea 

2Yonsei University, Seoul, Republic of Korea 

The fungal pathogen Cryptococcus neoformans is a causative agent of meningoencephalitis in 
humans. For its pathogenicity, the inositol polyphosphate biosynthetic pathway plays critical 
roles. In particular, an inositol 1,3,4,5,6-pentakisphosphate 2-kinase (Ipk1) catalyzes the 
phosphorylation of IP5 to form IP6, a substrate for subsequent reaction to produce inositol 
pyrophosphates, such as PP-IP5/IP7. In fact, deletion of IPK1 significantly reduces the 
virulence of C. neoformans, indicating that Ipk1 from C. neoformans (CnIpk1) is a major 
virulence contributor. We initiated structural analysis of CnIpk1 to provide structural information 
for the possible development of drug design for treatment of cryptococcosis. A crystal structure 
of the unliganded CnIpk1, the first structure for a fungal Ipk1, will be presented at 2.35 Å 
resolution. Structure comparisons of CnIpk1 with those from Arabidopsis thaliana and Mus 
musculus suggest structural similarities and discrepancies for fungal Ipk1 among members of 
the Ipk1 family. This work was supported by Next Generation BioGreen 21 program of Rural 
Development Administration (Plant Molecular Breeding Center) of Republic of KOREA.  

 
 
 

 
 
Figure.1. Overall structure of CnIPK1 
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Ensemble properties of BAX determine its function 

Robin, Adeline Y.1,2; Iyer, Sweta1,2; Birkinshaw, Richard W.1,2; Sandow, Jarrod1,2; Czabotar, 
Peter E.1,2; Kluck, Ruth M.1,2; Colman, Peter M.1,2 
1Walter and Eliza Hall Institute of Medical Research, 1G Royal Parade, Parkville, Victoria 
3052, Australia 
2 Department of Medical Biology, The University of Melbourne, Melbourne, Victoria 3052, 
Australia 

BAX and BAK are essential mediators of intrinsic apoptosis that permeabilise the mitochondrial 
outer membrane (MOM). BAX activation requires its translocation from cytosol to mitochondria 
where conformational changes cause its oligomerisation. Translocation is dependent on the 
accessibility of a transmembrane domain (a9) that is either exposed or protected (folded in a 
hydrophobic groove at the surface of the protein). To better understand the critical step of 
translocation, we examined its blockade by several mutations or by antibody-binding near the 
N-terminus. 

Structural comparisons between the wild type BAX, its mutants or the antibody bound BAX do 
not explain the translocation defect. Complementary biophysical and biochemical studies, 
including hydrogen-deuterium exchange (HDX) by mass spectrometry or limited proteolysis 
revealed evidence of allosteric mechanisms controlling BAX targeting to the MOM. Cytosolic 
BAX exists as an ensemble of conformers. This ensemble is shifted to conformations in which 
a9 is sequestered in inhibitory conditions.  

Interestingly, the same antibody that blocks cytosolic BAX translocation can activate BAX 
anchored at the MOM through its a9. In that case, the unfolding of certain helices seen upon 
binding of the antibody to BAX is able to active BAX as the a9 lock is no more present.  

Our data suggest that BAX displays allosteric properties that derive not from differences in 
equilibrium structure but rather from differences in its ensemble of structures, from which 
ensues allostery without apparent conformational change (Figure 1).  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure.1. The ensemble of conformers of BAX can be shifted by mutations or antibody binding at different sites (Robin, 
Iyer et al.. 2018 , Structure, 26, 1-14). 


