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Hemocyanin and tyrosinase contain both a type III copper center, whose active site structures 
are very similar each other.  Nevertheless, their proteins involve biologically different 
functions; hemocyanin serves as a dioxygen carrier and tyrosinase catalyzes the 
ortho−hydroxylation of phenols to ortho−quinones.  In order to clarify the relationship 
between their structures and functions, several groups have performed the mechanistic study 
of tyrosinase.[1],[2]  Previously, we have also studied the preparation and characterization of 
their active site structures using the model complexes and succeeded in the selective 
preparations of µ−η2:η2−peroxodicopper(II) and bis(µ−oxo)dicopper(III) species using 
copper(I) complexes with TACH derivative ligands from the reaction with O2 molecule in 
organic solvents.  And also we succeeded in demonstration of the difference in their 
reactivities, and proposed that the active intermediate of tyrosinase is 
µ−η2:η2−peroxodicopper(II) species.[3]  In order to improve the oxidation reactivity of the 
Cu/O2 adduct, we introduced an imidazolium type ionic liquid ([BMIM][SbF6]) in the 
reaction.  Because an ionic liquid has recently been reported to stabilize the oxidation 
intermediate in the reaction field.  In this study, we revealed that the existence of 
[BMIM][SbF6] stabilized µ−η2:η2−peroxodicopper(II) species.  

 
References 
[1] S. Itoh et al., J. Am. Chem. Soc., 2001, 123, 6708. 
[2] T. D. P. Stack et al., Science, 2005, 308, 1890. 
[3] J. Matsumoto et al., Eur. J. Inorg. Chem., 2012, 4149. 
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 CO2 is a quite inert molecule and very much difficult to perform the multi-electron reduction. 
So, a lot of catalysts were investigated to achieve CO2 reduction.  For example, nickel 
complex with 1,4,8,11-tetraazacyclotetradecane (cyclam) was previously studied by Sauvage 
et al.1 and they electrochemically achieved two electron reduction of CO2 in water.1  The 
electrochemical reduction, however, needs mercury electrode as working electrode, so this 
reaction is not suitable for practical application.  To improve this problem, we introduced an 
ionic liquid.  Because it has recently been shown that imidazolium type ionic liquid can 
reduce CO2 at very low overpotential in an aqueous solution.2,3  They have explained that 
imidazolium cation would interact with CO2 on the carbon electrode coated with silver 
nanoparticle to reduce the overpotential. 
 In this work, we designed and synthesized novel nickel complex of cyclam ligand 
substituted with 1-methylimidazolium type ionic liquid, [Ni(ILcyclam)](NTf2)3 (Figure 1), 
which was characterized structurally, spectroscopically, and electrochemically.  In the 
presence of water, the electrochemical potentials gave reduction waves at -1.09 and -1.42 V 
(vs. NHE) when CO2 was introduced to the Ni(II) complex system, which shifted to a positive 
region compared (-1.21 and -1.61 V vs. NHE) with the case of [Ni(cyclam)]Cl2.4  To reveal 
reaction mechanism of [Ni(ILcyclam)](NTf2)3, the 
cyclic voltammograms controlled with amount of 
water were measured.  These findings indicate that 
the ionic liquid moiety has affected to decrease in 
overpotential of CO2 reduction and that 
[Ni(ILcyclam)](NTf2)3 does not react with CO2 in 
proton coupled electron transfer (PCET) mechanism.  
To clarify the effect of ionic liquid moiety, we tried to 
synthesize new Ni complex of another ligand 
substituted with 1, 2-dimethylimidazolium.  The 
electrochemical reduction of Ni(II) complexes with 
ionic liquid substituent groups toward CO2 will be 
discussed. 
 
References 
1) M. Beley, et al., J. Chem. Soc., Chem. Commun., 1984, 1315–1316.  
2) B. A. Rosen, et al., Science, 2011, 334, 643–644.  
3) B. A. Rosen, et al., J. Phys. Chem. C, 2012, 116, 15307–15312. 
4) J. D. Froehlich, et al., Inorg. Chem., 2012, 51, 3932–3934. 
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   In green plants, Photosystem II is involved in the photochemical energy conversion 
system, and it has a manganese cluster working on catalytic water oxidation.  The cluster is 
called OEC (Oxygen Evolving Center).  The X-ray crystallographic study showed that OEC 
has a unique “distorted-chair type” structure, including four manganese and one calcium ions 
[1].  Therefore, we studied on synthesizing a heterometallic manganese cluster as a 
biomimetic model compound of the inorganic core in OEC. 
  For construction of an asymmetric manganese clustering 
structure, we utilized a polyazacryptand Lp, containing 
three bis(imino)pyrrolyl spacers and two trialkylbenzene 
moieties.  The nitrogen atoms of imino and pyrrolyl 
groups in Lp can be used for assembling manganese ions to 
form a clustering core structure inside the cage.  Reaction 
of H3Lp with manganese(II) chloride and sodium ethoxide 
facilely gave a heterometallic cubane cluster, 
[LpMn3Na(OH)3(OEt)] (1).  A tetrahydroxo-bridged 
cluster, [LpMn3Na(OH)4] (2), was also synthesized by 
using sodium hydroxide as an alternative base.  In order to 
introduce the other alkali metal ion into 
the cubane skeletons, lithium ethoxide 
was used as a suitable base, giving 
heterocubane cluster, [LpMn3Li(OR)4] 
(3).  When potassium ethoxide was used, 
K(THF)2[LpMn3(OR)4]  (4) formed  in 
the open-cubane mode (R = H or Et).  
Taking account of these results, we 
concluded that the cage-type ligand 
affords a selective capture of the alkali 
metal ion into cluster skeleton due to its 
cavity size.  
   The electrochemical analysis on complexes 2 and 4 in dichloromethane revealed that the 
first oxidation waves between the 3Mn(II) and 2Mn(II)Mn(III) states were slightly different 
between these two clusters, and complex 2 showed more negative potential than that of 
complex 4.  This indicates that Lewis acidity of the sodium cation is critical for controlling 
the potential.  
 
[1] a) Y. Umena, K. Kawakami. J.-R. Shen, and N. Kamiya, Nature, 2011, 473, 55. 

b) M. Suga, F. Akita, K. Hirata, G. Ueno, H. Murakami, Y. Nakajima, T. Shimizu, K. 
Yamashita, M. Yamamoto, H. Ago, and J.-R. Shen, Nature, 2015, 513, 99. 
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 Expanded porphyrins are porphyrinoids with 
more than five pyrrole units. Contrary to rigid 
tetrapyrrolic porphyrins, flexible expanded 
porphyrins change their structures by 
metalation, redox change or solvation. 
 This time, the synthesis and aromaticity of 
large expanded porphyrins was investigated. A 
[46]decaphyrin-Pd complex 2, which shows Hückel aromaticity, was synthesized by 
zerovalent palladium metalation of [44]decaphyrin 1. The oxidation of the complex 2 gave 
both 44π Hückel nonaromatic and 44π Möbius aromatic decaphyrin-Pd complexes 3 and 4. 
These two 44π complexes are in a slow equilibrium. We succeeded in the selective 
crystallization of each complex 3 or 4 by proper choice of solvent. 
 The aromatic character of 4 was identified by the NMR spectra and UV/vis absorption 
spectra. The structure of 3 and 4 were determined by X-ray crystallographic analysis. 
It is noteworthy that the 44π conjugation circuit is the largest Möbius aromatic conjugation 
circuit so far characterized. 
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   Domain swapping has 
attracted attention as a 
mechanism for protein 
oligomerization, where a 
region of a secondary 
structure or a domain of one 
protein molecule is replaced 
with the corresponding 
region of another protein 
molecule. We have 
previously shown that 
several heme proteins can form oligomers by domain swapping (1, 2). Cytochrome (cyt) cb562, 
a c-type heme protein, exhibits a unique four-helix bundle structure. In this study, oligomeric 
cyt cb562 was obtained by refolding from its acetic acid denatured state. We also elucidated the 
structure and properties of dimeric cyt cb562.  

Absorption and circular dichroism spectra of dimeric cyt cb562 were similar to the 
corresponding spectra of its monomer, showing that the active site and secondary structures of 
the monomer and dimer are similar. According to the differential scanning calorimetory 
measurements, the dissociation temperature of dimeric cyt cb562 was 50 °C, and ΔH for 
dissociation of the dimer to monomers was −13.3 kcal/mol. Cyclic voltammetry 
measurements were performed to determine the midpoint redox potential (Em) of monomeric 
and dimeric cyt cb562. The Em value of the dimer (198 mV) was similar to that of the 
monomer (203 mV), which was consistent with the results that the active site structure does 
not change significantly by the dimerization. According to the X-ray crystallographic analysis, 
two helices in the N-terminal region (helices 1 and 2) of one protomer interacted with the 
other two helices in the C-terminal region (helices 3 and 4) of the other protomer in dimeric 
cyt cb562. The heme coordination structure of the dimer was similar to that of the monomer.  

Similar to other cyt c family proteins, cyt cb562 formed a domain-swapped dimer. We have 
previously shown that domain-swapped oligomers of horse cyt c form through intermolecular 
hydrophobic interaction between the N- and C-terminal α-helices at the early stage of folding 
(3). It has been suggested that helices 2 and 3 and the N-terminal part of helix 4 form first at 
the initial stage of folding in apo cyt b562 (4). Therefore, cyt cb562 may form a 
domain-swapped dimer when helices 2 and 3 interact intermolecularly at the initial stage of 
folding. 

References: (1) S. Hirota, et al., Proc. Natl. Acad. Sci. USA. 2010, 107, 12854; (2) S. 
Nagao, et al., Dalton Trans. 2012, 41, 11378; (3) P. P., Parui, et al., Biochemistry 2012, 52, 
8732; (4) H, Feng, et al., Proc. Natl. Acad. Sci. USA. 2005, 102, 5026. 
 

Figure 1. Crystal structures of monomeric (A, PDB: 2BC5) 
and dimeric cyt cb562 (B, this work) 
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Cytochrome P450 (CYP), characterized by the absorption band at 450 nm of its ferrous 
CO complex, contains a heme cofactor and plays a key role in the drug metabolism. Human 
CYPs are membrane-associated and occur in the endoplasmic reticulum. Recent studies have 
implied that the lipid membrane may affect CYP’s structure, substrate recognition, 
protein-protein interaction, and so on. Therefore, detailed studies on the effects of lipids are 
required to understand molecular mechanism of the drug metabolism by CYPs. However, 
lipids are poorly soluble in water and hence spectroscopic studies are hampered. 

Nanodisc (ND) technology renders membrane proteins soluble in aqueous media while 
providing bilayer environment. A ND consists of membrane scaffold proteins (MSPs) and 
phospholipids and forms a self-assembled structure with a diameter of about 10 nm. Unlike 
detergent micelles, the size of a ND can be highly regulated by the MSP/lipid ratio and the 
length of the MSP. ND technology has been applied to a number of membrane proteins, and 
their functions and activities in the membrane have been studied.  

In this work, we tried to construct a system for evaluating CYP’s drug metabolism in lipid 
bilayer using NDs. We first prepared NDs and added CYP2C19 to them. The ND-CYP 
complex was purified by Ni-NTA column and subsequent gel chromatography. We found that 
the ND-CYP complex thus obtained contains the CYP in the active form as judged by 
UV-visible absorption spectroscopy. The complex was also found to be composed of 
approximately 1/1 molar ratio of ND/CYP as judged by SDS-PAGE.  

With the purified ND-CYP complex, we evaluated drug binding affinity of CYP by 
UV-vis titration. We found that binding affinity of imipramine for CYP2C19 was diminished 
by the complexation with ND, while that of lansoprazole was raised. Because imipramine is 
more hydrophilic than lansoprazole, we reasoned that the difference between these drugs can 
be attributable to their hydrophobicity; hydrophobic lansoprazole can be distributed to lipid 
bilayer and was incorporated into the drug binding site in CYP2C19 via the access channel 
between the ND/CYP interface, while the channel was not accessible to hydrophilic 
imipramine. In conclusion, we could establish a system to evaluate the effect of lipid 
membrane on the drug binding affinity of CYP, and we revealed that the membrane affects the 
affinity which depends on the hydrophobicity of the drugs. 
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Cytochrome P450s (CYPs) contain a heme cofactor and comprise a monooxygenase family. 
CYPs metabolize many clinically, physiologically, and toxicologically important compounds. 
Evaluation of drug binding affinity for CYPs is important for drug development, because they 
play key roles in the drug metabolism. However, conventional methods for the evaluation, 
such as equilibrium dialysis and spectrophotometric titration, require a huge amount of CYPs 
and are laborious. Here, we aimed to establish a high-throughput evaluating system for 
CYP-drug binding  by using gold (Au) nanoparticles. We expected that surface plasmon 
resonance (SPR) of Au nanoparticles would aid the construction of a highly sensitive and 
quick system with a small amount of CYP. 

In this study, we first prepared negatively charged Au nanoparticles. These nanoparticles 
were expected to interact electrostatically with CYP which is positively charged for the 
binding with its redox partner, cytochrome P450 reductase. Au nanoparticles were conjugated 
with 11-mercaptoundecanoic acid (11-MUA) through gold-thiol chemistry, and 
self-assembled monolayer (SAM) of 11-MUA was formed on the Au surfaces. The resultant 
Au nanoparticles have negatively charged surface at neutral pH because of the carboxylate 
group of 11MUA. We then added CYP2C9 to the Au nanoparticles, and the CYP adsorbed 
electrostatically on the Au nanoparticles was revealed to have the active form, as judged by 
UV-visible absorption spectra. Because the extinction by SPR of CYP-bound Au 
nanoparticles was observed at about 530 nm, the nanoparticles were illuminated at this 
wavelength with a fluorophotometer. The scattered light was intense as expected and was 
modified by the addition of drugs. This modification can be attributed to the change in 
dielectric constant at the particle surface by the drug binding to CYP, and hence we traced the 
intensity change of the scattered light. We could successfully estimate drug dissociation 
constants (Kd), which were similar to those obtained by conventional methods.  

In conclusion, we could construct a highly sensitive system to evaluate CYP-drug binding 
affinity with a small amount of CYP. This system is transferable to a microplate reader, and 
hence quick and automatic measurement will be possible with small volume of samples. Our 
evaluating system for the CYP-drug binding will facilitate the drug discovery and 
development. 
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   Cytoglobin (Cgb) was discovered in 2001 as a 
forth member of the globin family and was 
revealed to be a hexa-coordinated heme protein by 
X-ray crystallography (Fig. 1). Cgb is reported to 
be expressed ubiquitously in rat and human 
tissues such as brain, heart, lung, liver, etc. While 
physiological role of Cgb has been hypothesized 
as an oxygen transporter as hemoglobin (Hb) and 
myoglobin (Mb), Cgb was also reported to be 
up-regulated under hypoxia both in vivo and in 
vitro, suggesting that Cgb protects cells under 
hypoxia/ischemic conditions by scavenging 
reactive oxygen species (ROS) or by signal 
transduction. Therefore, the physiological role of 
Cgb still remains to be controversial. 
   Although other human globin proteins, such as Hb, Mb, and neuroglobin (Ngb), are 
typically composed of 140-160 amino acids, Cgb is composed of 190 amino acids, having 
particularly long N- and C-terminal extensions. Therefore, we hypothesized these domains 
can be involved in unique functions of Cgb. In this study, we prepared a Cgb mutant (ΔCN) in 
which N- and C-terminal domains are truncated, and we compared its ligand binding 
properties with WT. 
   As a result, we found that the ΔCN mutant can scavenge superoxide, a dominant ROS, 
more strongly than WT Cgb. This suggests that terminal domains are responsible for Cgb’s 
functions other than ROS scavenging activity. We therefore evaluated oxygen transfer 
function of Cgb by measuring CO binding property. Resonance Raman spectra revealed that 
CO-bound heme and its environments are significantly disturbed by the mutation. In addition, 
CO binding rate, measured by flash photolysis, was doubly increased by the ΔCN mutation, 
although CO binding affinity was minimally affected. These results reveal that dissociation 
rate for CO was also increased by the mutation. It suggests strongly that the terminal domains 
disturb an access/egress route of CO to the heme iron, possibly by opening a path by the 
mutation. 
   In conclusion, we prepared a truncated mutant in order to clarify roles of the terminal 
domains of Cgb, and we found that the ROS scavenging activity was enhanced by the 
mutation. Moreover, the truncation affected heme environments and CO binding/dissociation 
rates, although both domains are remote from the heme center. It suggests strongly that the 
terminal domains disturb CO immigration route to the heme. Because CO imitates molecular 
oxygen, we conclude that the terminal domains afford a unique oxygen binding property to 
Cgb, suppressing ROS scavenging activity. 

Fig. 1 Crystal structure of human Cgb 
(PDB: 2DC3). 
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Neuroglobin (Ngb) was discovered in 

2000 as the third-member of the globin 
family in vertebrates. Ngb is expressed in 
nerve tissues, mainly in the brain and the 
retina. Like other globin proteins such as 
hemoglobin (Hb) and myoglobin (Mb), 
Ngb can reversibly bind small ligands 
such as cyanide and oxygen (O2) with the 
heme iron in the ferric and ferrous states. 
However, the physiological role of Ngb as 
an O2 binder or a transporter should be 
denied because of its low concentration in 
the brain. On the other hand, it has been 
suggested from in vivo and vitro studies 
that Ngb plays a neuro-protective role 
against reactive oxygen species (ROS). Over-expression of Ngb leads to the recovery from 
stroke, and hence it is considered that Ngb scavenges ROS and reduces ischemic infarction. 
Therefore, true physiological role of Ngb and its mechanism still remain uncertain. 

Oxygen-bound globins release superoxide to form ferric heme. While this auto-oxidation is 
slow in Hb and Mb, oxy-Ngb is very unstable and is oxidized immediately. In other words, 
Ngb cannot be an oxygen carrier, in contrast to Hb and Mb. The binding affinity for an 
exogenous ligand has been reported to depend on an intermolecular disulfide bond of Ngb. 
Ngb has three cysteine residues and forms a disulfide bond between Cys46 and Cys55 in 
response to the redox state in the cells. Thus, we assumed that studies on the unique property 
of auto-oxidation and its correlation with the disulfide bond would give clues to clarify 
physiological functions of Ngb. 

In order to reveal relationships between the rapid auto-oxidation and the disulfide bond, we 
firstly constructed a simple method to measure auto-oxidation rates. Ngb can bind with O2 in 
the ferrous state. Therefore, ferric Ngb was reduced with sodium dithionite, and oxy-Ngb 
(FeII-O2) was readily produced by mixing with air. We prepared three mutants, C46S, C120S, 
and C46S/C55S/C120S (3CS), and compared their auto-oxidation rate with that of wild-type 
Ngb. We also treated WT Ngb with dithiothreitol (WT+DTT) to cleave the disulfide bond, 
while untreated WT and C120S form the disulfide bond. We found that auto-oxidation rate of 
Ngbs having disulfide bond is relatively large, suggesting that the disulfide bond stabilizes the 
O2-bound form of Ngb. We previously revealed that Ngb can scavenge superoxide to form the 
oxygen-bound form. Therefore, the physiological role of Ngb is strongly suggested to be a 
scavenger of harmful superoxide, retaining it as safe oxygen molecule, facilitated by the 
formation of the disulfide bond in response to the oxidative stress in the cells. 

Fig. 1. Crystal structure of 
human Ngb (pdb: 4MPM). 
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Cytochrome P450 enzymes are heme-thiolate proteins that catalyze a wide variety of 
monooxygenase reactions including hydroxylation, epoxidation, and dealkylation. 
Cytochrome P450 3A4 (CYP3A4) is one of the most important enzymes involved in the 
drug metabolism in human liver and metabolizes more than 50 percents of clinical drugs 
with the largest hepatic quantity among all the CYPs. The high capacity of CYP3A4 to 
metabolize drug molecules diverse in size and chemical structure is due to its large and 
malleable active site. The large substrate-binding pocket can accommodate more than 
one molecule simultaneously, and that is why complicated drug-drug interaction (DDI) 
can occur in CYP3A4. Moreover, DDI often induces a withdrawal of drugs from the 
market and/or in a certain clinical stage. Therefore, detailed mechanism of drug binding 
to CYP3A4 should be revealed to provide safer drugs.  

In this study, we studied effects of DDI on the metabolic efficiency with UPLC as 
well as the drug binding affinity with visible absorption. We selected three drugs 
(verapamil, diltiazem, and buspirone) which are substrates for CYP3A4. It was found 
that verapamil was metabolized preferentially even in the presence of other drugs. On 
the other hand, metabolism of buspirone was considerably suppressed, depending on the 
concentration of other drugs. In order to reveal the reason for this preference in the 
metabolism, we measured resonance Raman spectra of ferrous-CO bound CYP3A4. We 
found that the ν(Fe-CO) stretching frequency was greatly up-shifted by verapamil while 
the effect of buspirone was minimal. This frequency change indicates that verapamil 
binds most closely to the heme while buspirone is located far from the heme. Therefore, 
the metabolism of buspirone was hindered by the binding of verapamil but that of 
verapamil was not affected by the presence of buspirone. Collectively, we could show 
that the effect of DDI can be studied spectroscopically and be explained, at least in part, 
by the position of drugs in the substrate binding pocket in CYPs. Our results will be 
useful to reveal detailed mechanism of DDI which is important to develop safer drugs. 
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Vibrio cholerae is a causative agent of the severe 

diarrheal disease cholera. Cholera is still a 
significant public health threat in some areas of the 
world. Because this pathogen has an absolute 
requirement for iron to survive, the inhibition of 
the iron acquisition would be one of the promising 
approaches to suppress the bacterial growth. In our 
previous study, we identified that HutZ is a heme 
degradation enzyme1, which produces Fe2+ and 
biliverdin (Fig. 1), indicating that HutZ is one of the key enzymes for the iron uptake system 
in Vibrio cholerae. Quite interestingly, we recently found that the heme degradation reaction 
is inhibited by addition of chelating reagents for ferrous iron.  

The heme degradation reaction mediated by HutZ can be monitored by the absorbance 
changes in the Soret peak 
(406 nm) as shown in Fig. 2A. 
On the other hand, in the 
presence of deferroxiamin, a 
typical chelator for ferrous 
iron (Fig.2B), almost no 
spectral changes in the Soret 
region were observed.  Such 
inhibition of the heme 
degradation was encountered 
for the reaction in the 
presence of ferrozine, a 
chelating reagent for ferrous 
iron. EDTA, which is a less effective chelator than deferroxiamin and ferrozine, also 
significantly suppressed the heme degradation activity of HutZ. These results, therefore, 
indicate that heme degradation is inhibited by chelating of ferrous iron, and suggests that 
released iron form the heme degradation would enhance the enzymatic activity of HutZ. 
However, addition of Fe2+ resulted in no acceleration of the heme degradation rate, and the 
heme degradation by HutZ requires iron released from the heme degradation. 

In summary, we revealed that chelating of ferrous iron inhibits the heme degradation by 
HutZ. Such regulation suggests that ferrous ion released from the heme degradation would 
function as a regulator or an effector for the enzymatic activity of HutZ, which would be one 
of the essential processes for the iron uptake regulation in Vibrio cholerae. 
1. Uchida T. et al., Chem. Commun.2012, 48, 6741.  

 
Fig.2 : (A) Reaction of HutZ with ascorbic acid. The spectra were taken before 
and for 30 min after addition of ascorbic acid. (B) Reaction of HutZ with 
ascorbic acid in presence of 1mM deferroxiamin. The spectra were taken 
before and for 30 min after addition of ascorbic acid. 

Fig.1:Heme degradation reaction by HutZ. 
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   One of the key proteins involved in cellular iron homeostasis is the F-box and leucine-rich 
repeat protein 5 (FBXL5), one of the subunits of an E3 ubiquitin ligase complex. FBXL5 
recognizes the Iron Regulatory Proteins (IRPs) as its substrate leading to the ubiquitylation of 
IRPs.[1] IRPs are proteins involved in the post-transcriptional regulation of proteins involved 
in cellular iron uptake and storage. F-box proteins possess only two domains, the F-box 
domain for interacting with another subunit of the complex and a substrate interacting 
domain.[2] FBXL5 contains an additional hemerythrin-like (Hr-like) domain in its N-terminal 
which binds two iron atoms. 
     It is well known that F-box proteins recognize their substrates through their C-terminal 
substrate interacting domain.[2] In the case of FBXL5, it is a leucine-rich repeat (LRR) domain. 
However, previous studies with the Hr-like domain suggest that this domain binds IRPs.[1] We 
think that the different domains of FBXL5 perform different functions, that is, the Hr-like 
domain maintains the stability of the protein through the bound two iron atoms while the LRR 
domain recognizes and interacts with IRPs. 

In order to confirm the role of the LRR domain, the full length FBXL5 (78 kDa) was 
expressed fused to a maltose binding protein (MBP, 43 kDa) tag using Rosetta(DE3)pLysS 
strain of Escherichia coli. Expression was induced with 
1mM IPTG for 18 hours at 15°C. Purification was 
performed using affinity column and cleavage of the 
MBP tag followed by gel filtration chromatography. 
Only 10% of the protein was found in the Ve 
corresponding to a molecular weight of 80 kDa while 
the rest was found to be in an oligomeric state in the 
void volume (850 kDa). The circular dichroism spectra 
of the oligomeric and monomeric forms show a big 
difference indicating a change in the folding of the 
protein. The profile of the monomer resembles that of 
an α-helical structure (40%) which is in accordance with the known α-helical fold of the 
Hr-like domain and the predicted secondary structure of the LRR domain. Meanwhile, the CD 
spectrum of the oligomer is drastically different from that of the monomer indicating a 
misfolding and aggregation of the protein. This is due to the highly hydrophobic region found 
in the LRR domain. 
   This is the first reported expression of an F-box protein using a prokaryotic expression 
system. In the future, in order to prevent the misfolding of the protein, it will be expressed 
using the eukaryotic baculovirus-insect cell system. After purification, in vitro pull-down 
assays will be performed in order to confirm the interaction of FBXL5 and IRPs. 
 
[1] A.A. Salahudeen, et. al. Science. 2009, 326, 722      [2] E.T. Kipreos and M. Pagano. Genome Biol. 2000 

Figure 0. CD spectra of FBXL5 oligomer and 
monomer 
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Indoleamine 2, 3-dioxygenase (IDO) is a heme- 
containing enzyme on the first and rate-limiting step in 
the kynurenine pathway, which is the major pathway for 
tryptophan metabolism. IDO plays an important role in 
the process of immune evasion of tumors. IDO depletes 
local tryptophan levels and produces toxic tryptophan 
metabolites, resulting in suppression of T cell activation 
and induction of T cell apoptosis. The overexpression of 
IDO in tumor cells was shown to be correlated with poor 
prognosis for survival in a wide variety of tumors 

including ovarian, colorectal, and pancreatic cancers, 
melanoma and hematological malignancies. Therefore, 
effective IDO inhibitors have been attractive as anticancer drugs and it is of great significance 
to reveal the substrate recognition mechanism of IDO for the rational discovery and 
development of an efficient drug. 

The purpose of this study is to identify chemical moieties of L-tryptophan that are crucial 
to be recognized by IDO. We employed several L-tryptophan analogues and evaluated their 
binding affinity for wild-type IDO. Due to denaturation of IDO in the presence of large 
amount of the analogues, we could not determine dissociation constants (Kd) by surface 
plasmon resonance (SPR). However, the Kd values were successfully estimated by the 
absorption titration.  

The tryptophan analogues were divided into two groups in terms of Kd values: first group 
consists of those having substituents on the indole ring, and the other having modified amino 
acid (i.e. amino or carboxyl) moiety. The Kd values for the latter group were much larger than 
those for the former group, suggesting that the amino acid group is substantially important for 
the binding. This result supports the prediction by QM/MM simulations1 which suggested that 
the amino group of substrates plays a key role in the metabolism reaction of IDO. 

 
[1] L. Capece, et al., J. Phys. Chem. B, 2012, 116, 1401-1413. 

Fig. 1. Crystal structure of  
human IDO (PDB: 2D0U). 
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D-Cycloserine (D-CS), an anti-tubercular antibiotic used clinically, is produced by 

Streptomyces (S.) garypharus and S. lavendulae. Due to the structural similarity with 
D-alanine, D-CS inhibits the catalytic activities of both alanine racemase and 
D-alanyl-D-alanine ligase, which are enzymes necessary for the peptideglycan biosynthesis. 
Our group has successfully cloned a D-CS biosynthetic gene cluster from D-CS-producing 
Streptomyces lavendulae ATCC11924, which is composed of 10 open reading frames, 
designated dcsA to dcsJ (1). It had already been known that hydroxyurea is used for the 
biosynthesis of D-CS. Our group suggested that hydroxyurea is generated by the hydrolysis of 
Nω-hydroxy-L-arginine by an arginase homolog, DcsB (1). DcsA has no sequence similarity 
with the functionally characterized proteins. Our group has demonstrated that the deletion of 
the dcsA gene in the ATCC11924 strain diminished the production of D-CS (2). However, the 
addition of Nω-hydroxy-L-arginine to the mutant restored the D-CS-productivity (2). These 
results suggested that DcsA is an enzyme that catalyzes the hydroxylation of L-arginine to 
form Nω-hydroxy-L-arginine. Nitric oxide synthase (NOS) is a heme-binding enzyme to 
oxidize L-arginine. Differently from DcsA, NOS catalyzes the generation of L-citrulline and 
nitric oxide from L-arginine through the intermediate formation of Nω-hydroxy-L-arginine. 

The UV-vis spectrum of the recombinant DcsA prepared using an E. coli host-vector 
system suggested that DcsA is a heme-binding protein, like NOS (2). DcsA was catalytically 
active in the presence of an NADPH-dependent electron transfer system comprising 
ferredoxin and ferredoxin reductase. The crystal structure of DcsA was determined by 
single-wavelength anomalous dispersion method using the selenomethionine-labeled protein. 
DcsA was found to have a novel structure, but the structure is weakly related to that of NOS. 
Like in NOS, proximal ligand for heme-iron in DcsA is thiol group of a cysteine residue. The 
resonance Raman spectroscopic analysis of the CO-bound ferrous form of DcsA suggests a 
weaker electron-donation of the proximal ligand to heme-iron in DcsA than in NOS. Crystal 
structure of DcsA suggests that the substrate-binding pocket is smaller than that of NOS. In 
addition, the shape of the Raman band of the Fe–CO stretching mode was very sharp. DcsA 
seems to take a single conformation in the absence of the substrate, although NOS is known 
to take multiple conformations. These data may reflect the fact that DcsA can react only with 
L-arginine, while NOS can react with both L-arginine and Nω-hydroxy-L-arginine. 
 
1. T. Kumagai, Y. Koyama, K. Oda, M. Noda, Y. Matoba, and M. Sugiyama, Antimicrob. 

Agents Chemother. 2010, 54, 1132-1139  
2. T. Kumagai, K. Takagi, Y. Koyama, Y. Matoba, K. Oda, M. Noda, and M. Sugiyama, 

Antimicrob. Agents Chemother. 2012, 56, 3682-3689 
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Oxygen is essential for aerobic organisms. Molecular oxygen is required as a terminal 
electron acceptor in the mitochondrial electron transfer chain for the generation of cellular 
energy (ATP) and is used as a substrate for numerous enzymatic reactions. Therefore, oxygen 
homeostasis is important for maintenance of the cell, tissue, and whole organism. The oxygen 
concentration (OC) dynamically changes due to an imbalance in consumption and supply in 
response to the microenvironment and cellular activity. So, assessing  the  intracellular  OC 
and  the  microenvironment  OC  is  fundamentally  important  to  understanding  cellular 
oxygen dynamics. 

Optical methods using phosphorescence quenching by oxygen is suitable for sequential 
monitoring and non-invasive measurements for OC imaging within cells. Phosphorescence 
intensity measurement is widely used with phosphorescent dyes. These dyes are ubiquitously 
but heterogeneously distributed inside the whole cell. The distribution of phosphorescent dye 
is a major disadvantage in phosphorescence intensity measurement. We previously reported 
that OC imaging system for a single cell using phosphorescence lifetime and a laser scanning 
confocal microscope. This system had improved spatial resolution and reduced the 
measurement time with the high repetition rate of the laser. By the combination of 
ubiquitously distributed phosphorescent dye with this lifetime imaging microscope, we can 
visualize the OC inside the whole cell and spheroid.  

In this study, we prepared oxygen sensitive beads for measurement of oxygen 
concentration. The phosphorescent beads composed of polystyrene containing platinum (II) 
octaethylporphyrin (PtOEP) are prepared by solvent evaporation method. The oxygen 
concentration around beads can be measured by phosphorescence lifetime or intensity. 
Quenching of phosphorescence lifetime or intensity by oxygen obeys Stern-Volmer equation. 
Phosphorescence lifetime and intensity of the beads were not affected by temperature and 
medium composition. Moreover the simultaneous oxygen concentration imaging inside cells 
and extracellular environment was achieved under confocal laser scanning microscopy by 
using phosphorescent dye accumulated inside cell and the phosphorescent beads, respectively. 
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Fig. 1  Scheme of the proposed fluorogenic detection reaction for palladium ion. 
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Palladium is widely used in various applications such as jewelry, coating materials, dental 
crowns and catalysts.  Especially, palladium catalyzed cross-coupling reactions have been 
recognized as useful for the synthesis of organic compounds including pharmaceuticals.  
However, it is concerned that palladium species have a possible adverse influence on human 
health owing to high nucleophilicity.  Therefore, a simple and reliable analytical method for 
palladium should be important to evaluate palladium residues in pharmaceuticals. 

We found that non-fluorescent benzofouran-2-boronic acid was rapidly converted to 
highly fluorescent derivative after the mixing with palladium ion (Pd2+).  Based on this 
finding, we attempted to develop a simple and rapid fluorescent determination method for 
palladium with benzofouran-2-boronic acid as a reagent. 

The fluorescence of the reaction mixture of benzofouran-2-boronic acid and Pd2+ was 
observed at excitation and emission maximum of 320 and 350 nm, respectively.  The 
fluorescence intensity at 350 nm increased with increasing the concentration of Pd2+.  On the 
other hand, the significant fluorescence was not observed from the reagent blank without 
addition of Pd2+.  Hence, this result exhibited that benzofouran-2-boronic acid was converted 
to fluorescent derivative by the reaction with Pd2+.  In order to elucidate the structure of the 
fluorescent derivative, the precipitate in the reaction mixture was analyzed by EI-MS 
(JMS-DX 303 electron impact mass spectrometer, JEOL, Tokyo).  Since the most intent 
molecular ion peak was observed at m/z 234, the fluorescent derivative was suggested to be 
the benzofuran dimer as shown in Fig. 1.    A calibration curve was prepared for standard Pd2+ 
solution; a good linear relationship (r=0.997) between concentration and fluorescence 
intensity was obtained in the concentration ranges of 0.1–10 µM, and the detection limit 
(blank + 3 SD) of Pd2+ was 0.06 µM.  In order to evaluate the selectivity of the proposed 
assay, other metal ions, such as Zn2+, Sr2+, Ni2+, Fe2+, Fe3+, Co2+, Ag+, Cu2+, and K+ were mixed 
with benzofuran-2-boronic acid and measured the fluorescence at the same conditions as Pd2+.  
The mixture of these ions did not show obvious fluorescence.  Therefore, good selectivity of 
proposed method against Pd2+ was confirmed. The proposed method should be useful for the 
safety control of pharmaceuticals or the monitoring of Pd2+ in wastewater. 

 
 

Benzofuran-2-boronic acid 
(non-fluorescence) 

Benzofuran dimer 
(fluorescent) 

+  Pd2+ 
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   Essentiality of selenium is based on its utilization as the building block of selenoproteins.  
Glutathione peroxidases (GPxs) are the representative selenoproteins and utilize selenol 
(R−SeH) of selenocysteine (SeCys) residue to convert hydrogen peroxide and lipid peroxides 
into water and corresponding harmless alcohols.  We already reported liposomal GPx 
mimics with the amphiphilic selenenylsulfide (−Se−S−) derivative as an active center.  In this 
study, we synthesized diselenide (−Se−Se−)-bearing liposomal GPx mimics and examined 
their GPx-like activity. 
   Selenocystine (SeCyst) was used as a starting material 
for the synthesis of diselenide-bearing lipid.  To incorporate 
into the liposomal membranes, SeCyst was coupled with two 
acyl and alkyl chains through its α-amino and α-carboxyl 
groups; selenocystine dodecyl ester (H2N−SeCyst−D, Fig. 1 
left) and N−dodecanoyl−SeCyst methyl ester (D−SeCyst−Me, 
Fig. 1 right).  Characteristic selenium isotopic pattern 
containing two selenium atoms was detected in their mass 
spectra of H2N−SeCyst−D and D−SeCyst−Me and the 
molecular ion peaks of −80Se−80Se− were at m/z 672 and 728.  
H2N−SeCyst−D and D−SeCyst−Me were mixed with 
hydrogenated egg phosphatidylcholine (PC) in a given molar 
ratio.  The liposomes were prepared by the conventional 
sonication method.  Opaque liposomal suspensions were centrifuged at 40,000 rpm for 1 h to 
remove multilamellar liposomes.  Mean particle diameters of H2N−SeCyst−D/PC and 
D−SeCyst− Me/PC liposomes were in the range between 50 and 100 nm.  Zeta-potential of 
diselenide derivatives-free PC liposomes was neutral.  The H2N−SeCyst−D/PC liposomes 
gave positive zeta-potential, while the D−SeCyst−Me/PC liposomes did negative, which 
suggested that the diselenide moiety was placed at the outer surface of the liposomal 
membrane structures.  After wet digestion of liposomal solutions, selenium content was 
fluorometrically determined using 2,3-diaminonaphthalene.  Measurement of phosphorous 
content was based on vanadate that is capable of forming a yellow complex with phosphate.  
From the analyses of selenium and phosphorus contents, the actual molar ratio of the SeCyst 
derivative and PC in the liposomes was almost identical to the mixed ones.  GPx-like 
activity for peroxide substrates was determined by measuring a decrease in the absorbance of 
NADPH at 340 nm in the presence of glutathione reductase and glutathione.  Both 
H2N−SeCyst−D/PC and D−SeCyst−Me/PC liposomes showed in order of GPx-like activity 
H2O2 > cumene hydroperoxide > t-butyl hydroperoxide.  The GPx-like activity of H2N− 
SeCyst−D/PC liposome was higher than that of D−SeCyst−Me/PC liposome for all substrates 
used in this study.  Their activity was not superior to that of the selenenylsulfide derivative.  
We are now synthesizing an ethylenediamine-linked bis(selenenylsulfide derivative).   
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   Vanadium’s potential role in medicinal applications is the insulin-mimetic activity in the 
treatment of diabetes mellitus.  The first clinical application of vanadium in the form of 
aqueous solutions goes back to the end of the 19th century.  So far, however, vanadium 
compounds have not yet been introduced into actual medicinal applications.  Complexation 
of vanadium with appropriate hydrophobic organic ligands would provide the characteristic 
vanadium biodistribution depending on the physicochemical properties of the ligands.  
Vanadium complexes with low molecular mass organic ligands undergo at least partial 
biotransformation in the blood and other body fluids, i.e. the pharmaceutically active species 
is not commonly the same as the applied compound.  The pharmacological activity of 
vanadium in the treatment of diabetic symptoms is closely related to specific interchange of 
ligands such as transferrin in the bloodstream.  The similarity between vanadate and 
phosphate also enables vanadate to substitute for phosphate in phosphate-dependent 
physiological processes, such as those depending on, or regulated by, phosphatases, kinases, 
and phosphodiesterases, which can actually cause the adverse effects of this element.   
   In the present study, we designed amphiphilic vanadium complexes that allow forming 
self-aggregates.  Hydroxamic acid [R−C=O(NH−OH), HA] was employed as a ligand 
system, because the HA can form complexes with vanadate under a variety of conditions.  
Nicotinohydroxamic acid (NHA) was reacted with 1-bromohexadecane or 
1-bromooctadecane in methanol.  The NHA derivatives (N-hexadecyl-NHA and 
N-octadecyl-NHA) were combined with ammonium vanadate, and then deep purplish 
precipitates were gradually sequestered.  Elemental analysis of the 
obtained precipitates supported the formation of a 1 : 2 complex of 
vanadate and NAH derivatives, as shown in Fig. 1.  Self-aggregation 
characteristics of the vanadate-NHA derivative complexes were 
evaluated by a light-scattering method.  The critical aggregation 
concentrations (CAC) of the vanadate-NHA derivatives complexes 
were estimated from the breakpoint in the complex concentration- 
scattered light intensity curves.  The CAC values for the vanadate- 
NHA derivative complexes were extremely lower than that for a 
micelle-forming surfactant, sodium dodecyl sulfate.  In addition, 
these values were almost comparable to that for a bilayer-forming 
lipid, distearyldimethylammonium bromide.  The vanadate-NHA 
derivative complexes gave lower CAC values than vanadate-free 
NHA derivatives.  The lowered CAC values for the vanadate-NHA 
derivative complexes appeared to be due to the complex formation 
between vanadate and HA moiety.  We are now planning the 
development of a vanadium delivery system to the liver and fat tissue, 
based on the vanadate complex aggregates. 
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Folate (FA) is a bioactive compound classified as B-group vitamins. In living systems, it 

plays vital rolls such as DNA synthesis and cell division. The cellular uptake of exogenous FA 
is mediated by the reduced folate carrier (FRC), the proton-coupled folate transporter (PCFT), 
and the folate receptor (FR). Although FRC and PCFT are ubiquitously expressed in normal 
and tumor cells, FR is highly expressed in a wide variety cancer cells [1,2]. Therefore, 
FR-targeting is often used for the selective delivery of therapeutic agents to FR-positive 
tumors. In the previous study, we succeeded in molecular imaging of sentinel lymph node 
with indium-111-labeled ternary complex composed of generation 4 PAMAM dendrimer 
conjugated with p-SCN-Bn-DTPA (G4-DTPA), polyethyleneimine (PEI), and anionic 
γ-polyglutamic acid (γ-PGA) by electrostatic interaction [3]. In this study, for tumor-targeted 
nuclear imaging, 111In-labeled ternary complex was prepared using FA as an anionic 
component in place of γ-PGA. FA was attached to the surface of the nanoparticle by the 
electrostatic interaction. 

G4-DTPA was obtained by the incubation with G4 dendrimer in phosphate buffer (PB) 
and p-SCN-Bn-DTPA in N,N-dimethylformamide (DMF) under a basic condition for 24 h in 
37°C. For the preparation of ternary complex, G4-DTPA/PEI/FA, G4-DTPA and PEI were 
mixed in 5% glucose and left 15 min, and then FA in PB was mixed with G4-DTPA/PEI 
complex and left for another 15 min. 111In-labeling of G4-DTPA was conducted by the 
incubation of G4-DTPA and 111InCl3 in acetate buffer and incubated for 1 hour in 60°C. 
111In-labeled G4-DTPA/PEI/FA complex was prepared by reacting G4-DTPA-111In, PEI, FA in 
turn. Formation and zeta potential of the complex was examined by Zetasizer Nano ZS at 
various molar ratios of FA to G4-DTPA/PEI or 111In-labeled G4-DTPA/PEI. As a result, a 
molar ratio of 210, stable complexes were obtained (an average diameter of approx. 100 nm 
and a ζ-potential of -30 mV). Upon incubation of 111In-labeled G4-DTPA/PEI/FA in MCF-7 
human breast adenocarcinoma cell in RPMI FA(-) medium, a time-dependent increase in 
cellular uptake of 111In-labeled G4-DTPA/PEI/FA was observed. In blocking experiments 
performed with an excess of FA (5, 10 mM), the uptake of 111In-labeled G4-DTPA/PEI/FA 
was reduced in a FA concentration-dependent manner. These results indicated the 
FR-mediated uptake of 111In-labeled G4-DTPA/PEI/FA.      

In summary, the 111In-labeled G4-DTPA/PEI/FA complex was prepared by 
electrostatically assembled with G4-DTPA-111In, PEI and FA. The 111In-labeled 
self-assembled nanoparticle showed FR-mediated uptake by the tumor cells. These results 
suggested that 111In-labeled G4-DTPA/PEI/FA would be useful as a nanoparticle for 
tumor-targeted nuclear imaging. 
   
[1] Matherly, L.H., Goldman, D.I., Vitam. Horm. 2003, 66, 403-456. 
[2] Qiu, A., Jansen, M., et al., Cell 2006, 127, 917-928. 
[3] Sano, K., Mukai, T., et al., J. Control. Release 2014, 194, 310-315. 
 

P-19* 



Biodistribution of 111In-labeled phospholipid-stylene maleic 
acid copolymer nanodisks in mice 

 

Akira HOSOTANI, Masafumi TANAKA, and Takahiro MUKAI 
 

Department of Biophysical Chemistry, Kobe Pharmaceutical University, 
Kobe, 658-8558 

 
HDL particles generated in vivo have discoidal structures in which apolipoproteins 

surround the periphery of lipid bilayer. Such particles can be made artificially by using 
synthetic macromolecules instead of apolipoproteins [1]. HDL is a natural nanoparticle; thus, 
reconstituted HDL can be applied for molecular imaging and drug delivery. Here, 
phospholipid-synthetic polymer nanoparticles composed of macromolecules (styrene maleic 
anhydride copolymer; SMA) were prepared and labeled with 111In, and their biodistribution in 
normal mice was evaluated. 

Phospholipid-synthetic polymer nanoparticles (SMA nanodisks) were prepared by a 
freezing/sonication method using SMA (hydrolyzed form) and 1-palmitoyl-2-oleoyl-sn- 
glycero-3-phosphocholine (POPC). After purification by a gel filtration chromatography, the 
particle diameters were determined by dynamic light scattering measurements. Stabilities of 
SMA nanodisks against temperature or pH changes were evaluated to optimize the 111In- 
labeling conditions. 111In-labeling was performed by adding 1% of diethylenetriamine 
pentaacetic acid-conjugated phospholipid (DTPA-PE) into SMA nanodisks. After injection 
into ddY mice via tail vein, the tissue distribution of 111In-labeled SMA nanodisks was 
compared with that of 111In-labeled liposomes (LUV) consisting of POPC and DTPA-PE. 

Particle size measurements revealed that SMA nanodisks were formed almost the same size 
as natural HDL (approximately 8–10 nm in diameter). SMA nanodisks were stable under the 
condition kept at 37 °C, and did not disintegrate even after the lyophilization. By lowering pH 
of the particle solution prepared at pH 7.4, we found that SMA nanodisks disintegrated below 
pH 7.0. SMA nanodisks were successfully labeled with 111In (at 37 ˚C for 1 hr), without 
affecting the particle integrity, by adding 50 mM sodium citrate into PBS solution of pH 7.4. 
In a biodistribution study, 111In-labeled LUV exhibited rapid clearance from the blood, while 
prolonged blood circulation of 111In-labeled SMA nanodisks were observed. In addition, 
111In-labeled nanodisks showed radioactivity accumulation in the liver and spleen, followed 
by biliary excretion. These results indicate that SMA nanodisks would be safe vehicles for 
molecular imaging and drug delivery. 
 
[1] Orwick M.C., et al., Angew. Chem. Int. Ed. 2012, 51, 4653–4657. 
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   Hyaluronic acid (HA) is widely used as pharmaceutical materials due to its 
biocompatibility, biodegradability, non-immunogenicity, and non-toxicity. HA is a ligand of 
CD44 which serves as a maker of cancer stem-like cells in the solid carcinoma. Therefore, HA 
is also a very attractive material for tumor-targeted delivery. Recently, we have reported 
indium-111-labeled ternary complex composed of polyamidoamine dendrimer (generation 
4th; G4) conjugated with p-SCN-Bn-DTPA (DTPA), polyethyleneimine (PEI), and anionic 
γ-polyglutamic acid (γ-PGA) by electrostatic interaction. G4-DTPA-111In/PEI/γ-PGA complex 
was highly accumulated in macrophage cells populations in sentinel lymph node and clearly 
visualized the sentinel lymph node of rat with single photon emission computed tomography 
(SPECT) [1]. Here, for tumor-targeted nuclear imaging, we prepared the 111In-labeled ternary 
complex using HA as an anionic polymer in place of γ-PGA and evaluated its accumulation in 
tumor cells. 

G4-Cy5-DTPA was prepared by the reaction of G4 dendrimer and Cy5 NHS ester 
followed by conjugation with p-SCN-Bn-DTPA in 5% glucose. Cy5 is a fluorescent dye 
frequently used for fluorescence microscopy analysis. For the preparation of ternary complex, 
G4-Cy5-DTPA/PEI/HA, G4-Cy5-DTPA solution and PEI solution were mixed and left for 15 
min, and then HA solution were mixed with G4-Cy5-DTPA/PEI complex and left for another 
15 min. 111In-labeled G4-Cy5-DTPA/PEI/HA complex was obtained by reacting 
G4-Cy5-DTPA-111In with PEI and HA in turn. Formation of the complex was examined by 
Zetasizer Nano ZS at various molar ratios of HA to G4-Cy5-DTPA-111In/PEI/HA. At the 
electric charge ratio of 32, stable complexes were obtained (an average diameter of 37 nm and 
a ζ-potential of -32 mV). Next, we examined the specific uptake of 
G4-Cy5-DTPA-111In/PEI/HA complex in tumor cells. Time-dependent increases of 
G4-Cy5-DTPA-111In/PEI/HA complex was observed in CD44 positive cells (Panc-1 human 
pancreatic cancer cells and T24 human bladder carcinoma cells). On the other hand, the 
specific uptake of G4-Cy5-DTPA-111In/PEI/HA complex was hardly observed in 
CD44-low-expressing cells (MCF7 human breast cancer).  
   In conclusion, we successfully synthesized the 111In-labeled HA complex 
(G4-Cy5-DTPA-111In/PEI/HA complex) electrostatically assembled with G4-Cy5-DTPA-111In, 
PEI and HA. In in vitro studies, the 111In-labeled HA complex demonstrated specific 
accumulation in CD44 positive cells. These results suggested that the 111In-labeled HA 
complex would be useful as a nanoparticle for tumor-targeted nuclear imaging. 
 
[1]Sano K., Mukai T., et al., J. Control. Release 2014, 194, 310-315. 
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Pancreatic ductal adenocarcinoma (PDAC) is minimally symptomatic and lacks 
specific clinical features. Thus, development of a method for PDAC detection at an early 
stage is desirable. Since significant upregulation of αVβ6 integrin has been reported in PDAC, 
this integrin is a promising target for PDAC detection. Although some imaging probes for 
positron emission tomography (PET) have been already developed, there is no probe labeled 
by 68Ga. Because 68Ga can be obtained from the 68Ge/68Ga generator and their use does not 
require a cyclotron on site, 68Ga-labeled probes have high clinical availability. Thus, we 
aimed to develop a 68Ga-labeled peptide probe for the imaging of αvβ6 integrin-positive 
PDAC.  

We synthesized peptide probes containing A20FMDV2 sequence that bind 
specifically to αvβ6 integrin (Ueda M. et al, BBRC. 2014, 445, 661-6). NOTA was selected as 
a chelator and introduced at N-terminus of A20FMDV2 with various length of polyglycine 
(n= 1, 4, 6, 8) as a spacer (68Ga-NOTA-CGnFMDV2, [68Ga]CGn). On competitive binding 
assay, CG6 showed the best affinity (Ki = 3.5 ± 0.3 nM) for αVβ6 integrin. Acetylated 
derivative of CG6 (acetyl-CG6) showed comparable affinity (Ki = 6.6 ± 1.9 nM) to CG6. 
Both probes could be labeled by 67/68Ga with high radiochemical yield (>50%) and purity 
(>98%). On biodistribution study, both probes showed higher accumulation in αVβ6 
integrin-positive xenograft compared to αVβ6 integrin-negative xenograft and normal pancreas. 
However, compared to [67Ga]CG6, [67Ga]acetyl-CG6 showed higher tumor accumulation, 
faster blood clearance, and lower accumulation in the surrounding organs of pancreas (Table 
1). These result indicated that [67Ga]acetyl-CG6 had a favor property in vivo. The 
accumulation of [67Ga]acetyl-CG6 in αVβ6 integrin-positive xenograft was significantly 
inhibited by the preadministration of excess amount of A20FMDV2. The αVβ6 
integrin-positive xenograft was clearly visualized by [68Ga]acetyl-CG6-PET imaging. The 
intratumoral distribution of [68Ga]acetyl-CG6 coincided with the αVβ6 integrin-positive 
regions detected by immunohistochemistry. Thus, [68Ga]acetyl-CG6 is a useful peptide probe 
for the imaging of αVβ6 integrin in PDAC. 
  
Table 1. Comparison of biodistribution between [67Ga]CG6 and [67Ga]acetyl-CG6 (2 hr, p.i.) 
 αVβ6 (+) 

xenograft 
αVβ6 (-) 

xenograft Blood Liver Spleen Pancreas 

[67Ga]CG6 1.15 ± 0.21 0.56 ± 0.06 0.47 ± 0.06 1.13 ± 0.40 1.49 ± 0.29 0.76 ± 0.09 
[67Ga]acetyl-CG6 2.02 ± 0.22 0.41 ± 0.16 0.28 ± 0.03 0.26 ± 0.03 0.14 ± 0.01 0.61 ± 0.08 
Organ uptake values are expressed as %ID/g of tissue.  
Values are represented as the mean ± S.D., n = 3. 
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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder pathologically 
characterized by the deposition of β-amyloid (Aβ) peptides as senile plaques in the brain. 
Since deposition of Aβ plaques that consist of Aβ(1-40) and Aβ(1-42) peptides is considered 
to be an early event in AD, the imaging of Aβ plaques in the brain is believed to be a useful 
tool for the early diagnosis of AD. 

Positron emission tomography (PET), which is one of the invasive techniques, is superior 
in terms of quantitative capability and unlimited depth penetration. To date, some PET probes, 
such as [11C]PiB, [18F]Flutemetamol, and [18F]Florbetapir, have been developed and exhibited 
utility for imaging Aβ plaques in AD brain. However, since 11C (t1/2 = 20 min) and 18F (t1/2 = 
110 min) have relatively short half-lives, these probes have limited routine diagnostic use. As 
the world population ages, the number of AD patients is expected to increase rapidly. 
Therefore, attractive Aβ imaging probes for PET, which are valuable in terms of routine use, 
are strongly needed.  

Because 64Cu (t1/2 = 12.7 h) is a metal radionuclide with the longer half-life for PET, it is 
thought to be attractive for the development of novel PET imaging probes targeting Aβ 
plaques. In exploratory research for useful imaging probes, we have developed 11C-, 18F-, 123I-, 
99mTc- and 68Ga-labeled benzofuran derivatives that showed high affinity for Aβ aggregates in 
vitro and in vivo. These results strongly indicate that the benzofuran scaffold is useful for the 
development of Aβ imaging probes. Therefore, we designed and synthesized two novel 64Cu 
labeled benzofuran derivatives (64Cu-cyclen-C3-BF and 64Cu-DOTA-C3-BF) (Figure) with 
1,4,7,10-tetraazacyclododecane (cyclen) and 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetra- 
acetic acid (DOTA), which are known as useful ligands for chelating Cu.  

The affinity of Aβ plaques was assessed by an in vitro binding assay using pre-formed 
synthetic Aβ(1-42) aggregates. Cu-cyclen-C3-BF and Cu-DOTA-C3-BF showed high affinity 
for Aβ(1-42) aggregates. Furthermore, these derivatives 
clearly stained Aβ plaques in the brain sections of AD 
model mice. When the in vitro stability was evaluated in 
murine plasma, the 64Cu labeled benzofuran derivatives 
remained stable in murine plasma for 1 h. In a bio- 
distribution study in normal mice, 64Cu-cyclen-C3-BF 
and 64Cu-DOTA-C3-BF displayed low initial uptake 
(0.33% ID/g and 0.36% ID/g) in the brain at 2 min 
post-injection. While improvement of the brain uptake of 
64Cu labeled benzofuran derivatives appears to be 
essential, these results suggest that 64Cu-cyclen-C3-BF 
and 64Cu-DOTA-C3-BF have a potential for imaging 
Aβ plaques in AD brain. 

Figure. Chemical structures of 
Cu-cyclen-C3-BF and Cu-DOTA-C3-BF 
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Brachytherapy is a form of radiotherapy that titanium capsules containing therapeutic 

radioisotopes are implanted within tumor tissues, and tumor tissues around the radiation seeds 
can receive high-dose radio-irradiation. Due to long-term anti-tumor effect and low damage 
for normal tissues, marked therapeutic effects have been demonstrated especially for prostate 
cancer. However, because the brachytherapy needs complicated implantation technique under 
general anesthesia, the development of injectable radiopharmaceuticals instead of 
capsule-type seeds are desired for simple and harmless operation. 

The aim of this study is to establish a novel brachytherapy using injectable 
thermo-responsive polymers labeled with yttrium-90 (90Y, therapeutic β−-ray emitting 
radiometal, 2.28 MeV, t1/2=64.1 h), which can aggregate under body temperature, resulting in 
long-term retention of radioactivity and therapeutic effect. Polyoxazoline (POZ) is a 
biocompatible, water-soluble, and thermo-responsive polymer that can be chemically 
synthesized by living cationic polymerization. POZ is self-aggregated above a characteristic 
transition temperature (Tt), which is determined by oxazoline composition and molecular 
weight of polymers. Therefore, in this study, we evaluated the tumor retention of POZ labeled 
with indium-111 (111In, γ-ray emitting radiometal, 245 and 171 keV, t1/2=67.9 h) instead of 90Y 
to estimate therapeutic effect of 90Y-labeled POZ.  

Using oxazoline derivatives with ethyl (Et), isopropyl (Isp), and propyl (Pr) side chains, 
EtPOZ, IspPOZ, and PrPOZ were synthesized by microwave irradiation, and their Tts were 
measured. 111In-labeled polymers were synthesized via 2-(4-isothiocyanatobenzyl)-1,4,7,10 
-tetraazacyclododecane-1,4,7,10-tetraacetic acid (p-SCN-Bn-DOTA) as a chelate agent. Prior 
to intratumoral injection study, these 111In-labeled POZ derivatives were intravenously 
injected into normal mice and the in vivo biodistribution was evaluated. The intratumoral 
retention of radiolabeled POZ (2 mM, 5 µL) was evaluated until 7 days post-injection using 
nude mice bearing PC-3 human prostate cancer in the right flanks.  

The molecular weight of all polymers was adjusted to approximately 20kDa. The Tts of 
EtPOZ, IspPOZ, and PrPOZ were >70°C, 34°C, and 19°C, respectively. The radiochemical 
purity of 111In-labeled POZ was more than 99% for all polymers. In the mice intravenously 
injected 111In-labeled POZ, EtPOZ with Tt higher than body temperature (36-37°C) showed a 
relatively rapid clearance and no apparent retention in normal tissues, whereas PrPOZ with Tt 
lower than body temperature rapidly accumulated in the liver and spleen in which colloidal 
compound is usually accumulated, suggesting in vivo self-aggregation of PrPOZ. In the 
intratumoral injection study, PrPOZ showed a significantly higher retention of radioactivity at 
1 day post-injection (73.9%) compared to EtPOZ (5.6%) and IspPOZ (15.8%). The high level 
of radioactivity of PrPOZ was retained in the tumor 7 days post-injection (67.6%). 

These results demonstrated that injectable 111In-labeled PrPOZ was long-term retained 
within tumor tissues via self-aggregation, suggesting its usefulness for brachytherapy. 
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   For construction of biocompatible metal complexes, introduction of sugar moieties is one 
of the most attractive methods. Achievement of regio- and stereoselective introduction of 
sugar bearing mercapt group into metal ligands based on hydrothiolation can lead to synthesis 
of sugar-conjugated metal complexes. 
   Although organosulfur compounds have been widely employed to synthesis of metal 
ligands, few transition-metal-catalyzed reactions are reported. Organosulfur compounds often 
bind strongly to the catalysis, thus poisoning them and making catalytic reactions ineffective. 
We have studied about transition-metal-catalyzed regio- and stereoselective hydrothiolation of 
alkynes with thiols. Using Pd(OAc)2 as the reaction catalyst gives the corresponding 
Markovnikov-type adducts (eq. 1), on the other hand, anti-Markovnikov-type adducts are 
obtained by using RhCl(PPh3)3 catalyst (eq. 2).1 

 

 
 

   Because cancer cells uptake glucose in higher levels than normal cells, introduction of 
sugar moieties to anti-cancer reagents can lead to decreasing the amount of reagents to be 
prescribed or clear contrast using as imaging reagents. In this study, the introduction of sugar 
moieties having mercapt group to unsaturated bond by hydrothiolation was investigated (eq. 
3). 
 

 
 
   The addition reaction of pyranosyl mercaptan with ethynylbenzene in presence of a 
catalytic amount of RhCl(PPh3)3 proceeded to afford the corresponding adducts. 
 
 
1. (a) Ikeda, T.; Nakagawa, N.; Nomoto, A.; Minatobe, Y.; Fukuzawa, S.; Hirao, T.; Ogawa, 

A. J. Mat. Sci. Eng. B, 2013, 3, 423. (b) Ogawa, A.; Ikeda, T.; Kimura, K.; Hirao, T. J. Am. 
Chem. Soc. 1999, 121, 5108. (c) Kuniyasu, H.; Ogawa, A.; Sato, K.; Ryu, I.; Kambe, N.; 
Sonoda, N. J. Am. Chem. Soc. 1992, 114, 5902. 
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    Cisplatin is one of the most frequently used chemotherapeutic agent for various types of 
advanced cancer and is applied to combination regimens. However, it has several 
disadvantages such as side effects and drug resistance. Therefore, much attention has been 
focused on the improved metal complexes as anti–cancer drugs. 
   Cancer cells take in higher levels of glucose than normal cells,1) by considering this 
property, required amount of chemotherapeutic agents can be reduced. Although cisplatin is a 
platinum(II) complex, the agents of palladium complexes are also expected to exhibit 
anti–tumor activities recently since coordination chemistry of palladium is similar to that of 
platinum. From this point of view, glycoconjugated palladium(II) and platinum(II) complexes 
([M(GlcN=Py)Cl2], 1) were synthesized by our group previously.2)  

In this study, novel glycoconjugated metal complexes containing planar N,N,O–bulky 
ligand ([M(GlcN=Oqn)Cl], 2) were synthesized and their anti–cancer effects were 
investigated.  
   For mechanistic investigation, the rate constant for hydrolysis from X– to H2O of these 
complexes measured by UV–vis. spectra. In general, this ligand–exchange reactivity of Pd(II) 
complexes is 104–105 higher than that of Pt(II) complexes, and Pd(II) complexes are 
deactivated before reaching the cancer cells. To the contrary, the rate constant of hydrolysis of 
2–Pd complex is much lower than those of reported Pd(II) complexes.  
 
 
 
 

 

 

 

 

 

 

 

 
Figure 1. Glycoconjugated Metal Complexes 

 
1) Warburg, O. Science 1956, 24, 309-314. 
2) Tanaka, M.; Kataoka, H.; Yano, S.; Ohi, H.; Kawamoto, K.; Shibahara, T.; Mizoshita, T.; Mori, Y.; 

Tanida, S.; Kamiya, T.; Joh, T. BMC Cancer 2013, 13, 237. 
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Recently photodynamic therapy (PDT) has attracted much attention since PDT is one of the 
promising non-invasive treatments for cancer. PDT involves the administration of 
photosensitizer, and activation of photosensitizer by photoirradiation causes the conversion 
from molecular oxygen to reactive oxygen species and damages tumor cells. Irradiation and 
activation occur only at the tumor site, hence PDT is relatively non-invasive. However, 
photosensitizer has several disadvantages such as skin photosensitivity, and thus, more 
effective photosensitizers are expected to be developed.1 From these points of view, we 
focused on Ir complexes bearing sugar moieties. 

Cancer cells uptake glucose in higher levels than 
normal cells, and by taking advantage of this property, 
required amount of photosensitizer can be reduced. 
 Ir complexes having ppy (2-phenylpyridinato) ligand 

are noteworthy that they emit phosphorescence in the 
visible region with high quantum yields and emission 
(λmax) can be tuned by modification of the ligands. 
 In this study, Ir complexes (1) containing thio-glycoconjugated bipyridyl ligand were 

synthesized, and their oxygen-responsiveness were investigated. Synthesis of functionalized 
bipyridyl ligand was achieved by reacting 4,4-(bromomethyl)-2,2-bipyridine with 
commercially available 1-thio-β-D-glucosetetraacetate, then the acetyl esters was cleaved 
under basic conditions with sodium methoxide in methanol to give the unprotected ligands as 
white solids. The functionalized bipyridyl ligand was reacted with [Ir(ppy)2-µ-Cl]2 to give the 
Ir complexes 1 as yellow solids. Oxygen-responsiveness was measured by fluorescent spectra. 
The intensity of fluorescence under the oxygen-saturated condition decreased in comparison 
with that of under the nitrogen condition. This result indicates that reactive oxygen species 
were generated by energy transfer from photosensitizer to molecular oxygen. 

On the other hand, porphyrin complexes were also known to causes the conversion from 
molecular oxygen to reactive oxygen species. Thus, we also synthesized AM-porphyrin, 
which have acetoxymethyl group to improve the permeability of the cell membrane.  

 
1) M. Tanaka, H. Kataoka, S. Yano, H. Ohi, K. Moriwaki, H. Akashi, T. Taguchi, N. 

Hayashi, S. Hamano, Y. Mori, E. Kubota, S. Tanida, T. Joh, Mol. Cancer. Ther. 2014, 13, 
767-775. 

Fig. 1 Ir complex (1) 

Scheme 1. Synthesis of porphyrin bearing acetoxymethyl groups 
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Cisplatin (cis-[PtCl2(NH3)2]) has been one of the leading anticancer drug for near 30 
years. However, cisplatin has several drawbacks such as toxicity and drug resistance. 
Therefore, many studies have focused in finding alternative compounds with improved 
clinical profiles. Iron is innocuous metal for biological essential element, and can catalyze the 
Fenton reaction. In this study, nitrilotriacetic acid (nta), 1,10-phenantroline (phen), and 
dipyrido[3,2-a:2',3'-c]phenazine (dppz) were adopted as ligands, and we compared with 
iron(III) complexes [Fe(nta)(phen)] (1) and [Fe(nta)(dppz)] (2) (Fig. 1). Complexes 1 and 2 
were characterized by UV-vis spectroscopy, cyclic voltammetry, and X-ray crystallography. 
The anticancer activity of 1 and 2 was evaluated by circular dichroism spectra, agarose gel 
electrophoresis technique (Fig. 2), competitive 
ethidium bromide (EtBr) studies, and 
cytotoxicity test (Table 1). As shown in Figure 
2, the DNA cleavage ability was 2 > 1, 
resulting that the intercalation ability of 2 is 
higher than 1. Circular dichroism spectra 
showed that 2 transforms DNA structure. HeLa 
(cancer cells) was employed for the 
cytotoxicity test. The IC50 values of 2 was 
lower than 1 and cisplatin. As a consequence, 2 
may be a candidate of new anticancer agents. 

 
 
 
 
 
 

Fig. 2. Agarose gel electrophoresis of 
plasmid pBR 322 DNA by the reaction 
of 0.5 mM H2O2 with 20 µM 1 and 2 at 
37 ˚C for 3 h. 

[Fe(nta)(phen)]     [Fe(nta)(dppz)] 
(1)               (2) 

Fig. 1. Structures of iron(III) complexes 
used in this study. 

Table 1. Apparent DNA binding constants 
(Kapp) and cytotoxicity (IC50) for 1 and 2 
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Ruthenium complexes as antitumor agents are very promising in the field of 
non-platinum complexes showing activity in tumors which developed resistance to cisplatin 
(cis-[PtCl2(NH3)2]). Previous studies have reported that the dinuclear ruthenium(II) 
complexes bridged flexible ligands [{RuCl(bpy)2}2(µ-BL)]2+ (bpy = 2,2'-bipyridine, BL = 
bridged ligand) exhibited covalently interaction with DNA1,2). In this study, with the aim of 
improving the sequence binding selectivity to DNA, we have synthesized dinuclear 
ruthenium(II) complexes, [{RuCl(bpy)2}2(µ-4,4'-bpy)]2+ (1) , [{RuCl(bpy)2}2(µ-pzn)]2+ (2), 
and [{RuCl(bpy)2}2(µ-hx)]2+ (3) (Fig. 1), and 
evaluated DNA-binding properties using CD 
spectroscopy and agarose gel electrophoretic 
technique. All the complexes exhibited 
covalently DNA-binding ability, and its 
ability of 3 was the highest. In addition, these 
complexes showed oxidative DNA cleavage 
ability (3 >> 1 > 2). Moreover, we 
investigated the sequence binding using 
restriction enzyme of Alw44 I (Fig. 2). In the 
presence of 1, the selective DNA cleavage 
was not inhibited. On the other hand, in the 
presence of 2 or 3 its cleavage was inhibited, 
relating to the length of bridged ligand. It is 
suggested that the size of pzn is too short to 
inhibit the recognition site of Alw44 I. It may 
be suspected that 2 binds to adjacent guanine 
bases of DNA duplex and 1 binds to more 
remote guanine bases. In summary, 
complexes 1 and 2 exhibited covalently 
binding to DNA and oxidative cleavage of 
DNA. In addition, 1 and 2 bind to the 
guanine bases corresponding to the length of 
bridged ligands. Therefore, 1 and 2 may be 
expected to improve the sequence binding 
selectivity to DNA. 
 
 
References 
1) Y. Nakabayashi, et al., Inorg. Chim. Acta 2009, 362, 869-877. 
2) M. J. Pisani, et al., ChemMedChem 2011, 848-858. 

Fig. 1. Structures of dinuclear Ru(II) 
complexes used in this study. 

Fig. 2. Agarose gel electrophoresis of 
pBR322 DNA showing the effect of the 
restriction enzyme Alw44 I on the addition 
of Ru(II) complexes. 
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   The sideroblastic anemia is a heterogeneous group of congenital and acquired 
hematological disorder whose morphological feature is the presence of ringed 
sideroblasts-bone marrow erythroid precursors containing pathologic iron deposits within 
mitochondria. Recently a mutation of zinc transporter Zrt, Irt-related protein 8 (ZIP8) has 
been reported in patients with hereditary sideroblastic anemia. ZIP8 have been shown to have 
affinities for Fe2+, Cd2+, and Mn2+ as well as Zn2+, but the influence of this mutation in the 
metal transport by ZIP8 remain unclear. As possible roles of mutated ZIP8, we assumed that 
1) the mutation altered cellular localization of ZIP8, 2) the mutation influenced iron transport, 
and 3) other unknown functions of the mutated ZIP8 are involved. To investigate metal 
transport ability and cellular localization of wild-type (WT) and mutant ZIP8, we established 
a system to stably express human ZIP8 in DT40 cells and transiently express ZIP8 in 
HEK293 cells.  

To obtain a cell line in which hZIP8 with or without mutation is stably expressed, we 
utilized DT40 cells. DT40 is an avian leucosis induced B-lymphocyte cell line which is a 
convenient model system for making gene-targeted mutant. We used three DT40 cell lines; 
wild type (WT), ZIP8-knockout cells (ΔZIP8), and ZIP8-knockout cells re-expressed with 
human ZIP8 (ΔZIP8-hZIP8). First, we confirmed the protein expression of ZIP8 in these cells. 
The protein levels of ZIP8 were assessed by western blot analysis, and the localization of 
ZIP8 at the plasma membrane was examined by flow cytometry by using HA-tag and 
immunofluorescence staining. High level of hZIP8 protein was detected in ΔZIP8-hZIP8 cells. 
Also, the hZIP8 protein expressed in ΔZIP8-hZIP8 cells was detected on the plasma 
membrane by immunofluorescence staining and flow cytometry. Next we examined the 
uptake rates of metals for which ZIP8 has affinities. The uptake rates of Cd, Mn, and Zn were 
markedly higher in ΔZIP8-hZIP8 cells than in WT or ΔZIP8 cells. The results of competition 
experiment showed mutual inhibition on their cellular incorporation of Cd, Mn, Zn and Fe, 
suggesting that hZIP8 expressed in DT40 cells have affinities for Fe as well as Cd, Zn and Mn. 
We are currently establishing a DT40 cell line stably expressing mutant hZIP8 in ΔZIP8 cells, 
and will examine whether the mutation alters metal transport and cellular localization of ZIP8. 

Since the cell size of DT40 is too small to investigate cellular localization of ZIP8, we 
established HEK293 cells transiently expressing HA-tagged WT and mutant hZIP8. High 
levels of WT hZIP8 and mutant ZIP8 proteins were similarly detected in these cells. Also, 
flow cytometry analysis of HA-tagged ZIP8 revealed that both WT and mutant hZIP8 were 
detected on the plasma membrane. These data suggest that the mutation in ZIP8 may not 
influence the plasma membrane localization of ZIP8.  
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   The target organ of cadmium (Cd) toxicity is the kidney. Although many studies have 
focused on the role of Cd-metallothionein (Cd-MT) in renal Cd accumulation, it remains 
unclear whether and where Cd2+ is transported in proximal tubules. In previous studies, we 
have reported that zinc transporters such as Zrt, Irt-related protein 8 (ZIP8) and ZIP14 have an 
ability for transporting of Cd2+and manganese (Mn)2+. However, it remains unclear whether 
ZIP8 and ZIP14 play roles in the transport of Cd in epithelial cells of proximal tubule. Earlier 
studies have suggested that S1 segment of kidney proximal tubule is the primary target of Cd 
because Cd-MT is mainly incorporated into S1 and S2 segment of proximal tubule cells via 
endocytosis. However, little is known about the effect of Cd2+ in each of S1, S2, and S3 
segments of proximal tubule cells.  

By using immortalized mouse kidney proximal tubule (PT) cells cultured in a trans-well 
system, we have developed a system to determine apical and basolateral influx and efflux of 
Cd2+ separately. This system enabled us to detect the efflux of Cd2+ into apical side of 
proximal tubule cells and raised a possibility that a part of Cd2+ excreted into the lumen is 
incorporated into epithelial cell in S3 segment of proximal tubule via metal transporters such 
as ZIP8 and ZIP14. 

In this study, to elucidate the modes of transport and toxicity of Cd2+ in each segment of 
proximal tubule, we utilized immortalized cell lines derived from S1, S2, and S3 segments of 
mouse kidney proximal tubule (S1, S2, and S3 cells). We also compared the transport and 
toxicity of Mn2+ in these cells. 

S1, S2, and S3 cells were cultured in a trans-well system to determine apical and 
basolateral influx and efflux of Cd2+ and Mn2+ separately. The uptake rates Cd2+ and Mn2+ 
determined 1 h after the addition of the metals in the medium of apical side were higher in S3 
cells than in S1 and S2 cells. 24-h accumulation of Cd2+ and Mn2+ was also highest in S3 cells. 
Cd2+ and Mn2+uptake was competitively inhibited by simultaneous addition of Mn2+, Cd2+, 
and Zn2+, which have affinities for ZIP8 and ZIP14. The efflux rates of Cd2+ and Mn2+ were 
similar among S1, S2, and S3 cells. These data suggest that the sensitivity of S3 cells to Cd2+ 
and Mn2+ might be the highest.     

Therefore, we compared sensitivity of S1, S2, and S3 cells to cytotoxicity of Cd2+ and 
Mn2+. The results of cell survival assay showed that these cells did not show significant 
differences in LC50 values of Cd2+, while S3 cells showed the highest sensitivity to Mn2+ 
cytotoxicity. Thus, S3 cells showed the highest accumulation and the highest toxicity of Mn2+. 
The reason for the discrepancy between accumulation and toxicity of Cd2+ in S3 cells remains 
to be elucidated. These results indicated that S1, S2, and S3 cells are useful in the examination 
of segment-specific transport and toxicity of metals in kidney proximal tubule. 
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  Development of sensitive, specific, and reliable biomarkers for detecting kidney injury at 
early step will greatly facilitate elucidation of the mechanism of renal damage induced by 
metals. In the studies of cadmium (Cd) nephrotoxicity, urinary β2 microglobulin and 
creatinine clearance have been used to evaluate the severity of renal injury. Recently, several 
sensitive and early urinary biomarkers of renal injury have been developed. Urinary excretion 
of Kim-1, clusterin and L-FABP (Fabp1) have been well characterized as sensitive biomarkers 
of renal damage in both experimental animals and humans.  

To explore molecular mechanisms of toxicity of Cd in renal proximal tubule cells, we are 
currently utilizing immortalized cell lines derived from S1, S2, and S3 segments of mouse 
kidney proximal tubule. Although in vivo studies suggested that Kim-1 is specifically 
expressed in S3 segment of proximal tubule of kidney, little information is available on the 
expression of these new biomarkers in each segment of proximal tubule.   

In present study, we focused on the novel biomarkers of renal toxicity, and examined 
whether the up-regulation of these biomarkers could be used as sensitive indicators for 
injuries in cultured proximal tubule cells. We also examined whether the up-regulation of 
these biomarkers is different among S1, S2, and S3 cells. As a positive control, we used 
cisplatin because the majority of the effects of cisplatin was observed in S3 segment of the 
proximal tubule. 

First, we compared the sensitivity of S1, S2, and S3 cells to cytotoxicity of Cd, but these 
cells did not show significant differences in LC50 values of Cd when examined by a usual cell 
survival assay. On the other hand, S3 cells showed the highest sensitivity to cisplatin 
cytotoxicity compared with S1 and S2 cells, as is in accordance with in vivo studies.  

Next, we compared the mRNA levels of these biomarkers in S1, S2, and S3 cells by using 
real-time RT-PCR after exposure to cisplatin and Cd. The induction of Kim-1, clusterin, and 
Fabp1 was detected at lower concentrations of cisplatin and Cd than their minimal lethal 
doses. In S3 cells, Kim-1 expression was concentration dependently up-regulated 3 days after 
exposure to cisplatin (0.5, 1 µM).  

The responses of these biomarkers to Cd were different among S1, S2, and S3 cells. Kim-1 
expression was up-regulated 3 days after exposure to Cd (0.5, 1 µM) in all of S1, S2, S3 cells. 
Clusterin was up-regulated only in S1 cells. Fabp1 was markedly up-regulated in S3 cells, but 
with large variations. These findings suggest that the induction of Kim-1 gene is the most 
sensitive biomarker for the toxicity of cisplatin and Cd in cultured proximal tubule cells. This 
study demonstrated that the new biomarkers of nephrotoxicity responded to cisplatin and Cd 
treatment sensitively and distinctively among the segment of proximal tubule. Further studies 
are required to elucidate the mechanism of segment-specific induction of these biomarkers. 

 
 

 

P-32* 



Syntheses of the several metal complexes with 2-APTC and 
evaluation of their anti-diabetic effects  

 
Chihiro TANAKA1, Yutaka YOSHIKAWA1,2, Naemi KAJIWARA2 and 
Hiroyuki YASUI1 

 
1Department of Analytical and Bioinorganic Chemistry, Kyoto 
Pharmaceutical University, Kyoto, 607-8414. 2Department of Health, 
Sports, and Nutrition, Kobe Women’s University, Kobe, 650-0046. 

 
In recent years, the patients suffering from diabetes mellitus (DM) increase throughout the 

world. To treat DM, several types of medicines are clinically used, but some problems such as 
physical and mental pains of insulin injections and several side effects exist in the patients. 
Zinc is an essential trace element existing in the human body and it plays many important 
roles. It has been reported that zinc has insulin-like activity1). On the basis of this evidence, 
we have synthesized various metal complexes. In this study, we have focused on metal 
complexes with thiosemicarbazone. We synthesized metal complexes with 2-acetylpyrazine 
N(4)-phenylthiosemicarbazone (2-APTC) and to evaluate their anti-diabetic effects. 

The 2-APTC of ligand and its complexes were originally synthesized as follows: 
N(4)-phenylthiosemicarbazone was refluxed with 2-acetylpyrazine for 4 hours, and the 
product was 2-APTC. 2-APTC, sodium acetate, and various perchloric metal ions were mixed 
for 1 hour and the precipitate was isolated as metal complexes. We evaluated the insulin-like 
activities of these complexes by an index as inhibition on free fatty acid release from isolated 
rat epididymal adipocytes treated with adrenaline2). Moreover, we studied the anti-diabetic 
effects of the zinc complex [Zn(2-APTC)2] on type 2 diabetic KK-Ay mice. [Zn(2-APTC)2] 
was daily given to the KK-Ay mice by oral administrations for 28 days. We observed the 
changes of blood glucose level, HbA1c, and serum parameters. 

From the in vitro results, we found the [Zn(2-APTC)2] and [Cu(2-APTC)2] had higher 
insulin-like activity. In general, zinc is more safety compared to copper. Therefore, we gave 
the [Zn(2-APTC)2] (15 mg Zn/kg BW) to the KK-Ay mice for 28 days and evaluated its 
anti-diabetic effects. After 28 days, the blood glucose and HbA1c levels and glucose tolerance 
of KK-Ay mice treated with [Zn(2-APTC)2] were significantly improved, compared to control 
KK-Ay mice. From these results, it is suggested that [Zn(2-APTC)2] has potent anti-diabetic 
effect in KK-Ay mice and we proposed it as the new anti-diabetic candidate.  
 
1) Y. Yoshikawa et al. Metallomics, 2011, 3, 686 
2) M. Nakai et al. Biol Pharm Bull 1995, 18, 719 
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Calcium (Ca) intake of Japanese is relatively less compared to Westerners, which is one of 

the risk factors for osteoporosis. Osteoporosis is a disease characterized by low bone mass 
and deterioration of bone tissue. And it is said that bone density and bone quality are related 
to bone strength with the relationship of 7:3 ratio. It is known that calcium is an important 
component in bone and it is absorbed from the intestine in cooperation with vitamin D3. In 
other words, low calcium situation may cause the bone loss and bone softening effect. Zinc 
(Zn) is one of the most abundant essential trace elements in the human body and about 30% 
of zinc in the body is contained in the bone. Zinc has been known to increase bone mass by 
both the inhibition of osteoclast formation and the promotion of osteoblast formation 1). 

In this study, we divided female ddy mice into the normal feed and low calcium feed 
groups. The mice had drunk the water which contained the zinc-vitamin C complex (Zn(Vc)2), 
zinc sulfate, or calcium-vitaminC complex (Ca(Vc)2). After these medication, we measured 
the following contents; 1) bone strength as the marker of bone mass, 2) plasma alkaline 
phosphatase (ALP) as the bone formation marker, and 3) collagen crosslinked N-telopeptide 
(NTx) in the urine as the bone resorption marker. We measured four kinds of bone elements 
(Zn, Ca, Mg, P) to investigate the effect of the zinc intake under the calcium deficiency or 
normal situations. 

Bone strength and various parameters were not significantly changed by zinc intake in 
normal feed group. However, bone strength was slightly decreased and alkaline phosphatase 
activity was significantly increased by zinc intake compared to non-treated mice in low 
calcium group. Bone zinc contents in low calcium group extremely increased by zinc intake. 
These results indicated that zinc is more stored instead of calcium in the calcium deficiency 
situation, and it is suggested that there is hardly relation between the increase of zinc in the 
bone and bone strength. Therefore, we propose and flag up that excess supplemental zinc 
intake in the low calcium situation may lead to decrease bone strength and enhance risk of 
fracture. 
 
1) Yamaguchi M., Mol Cell Biochem., 2010, 338, 241-54. 
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   Arsenic poisoning of ground water is prevalent in Asian countries including Cambodia. 
The chemical forms of arsenic contained in ground water are inorganic arsenate (As(V)) and 
arsenite (As(III)). In addition to tube-well water, the sources of arsenic exposure include rice 
and fish. It is generally considered that the major form of arsenic contained in fish is 
arsenobetaine (AsBe), which is almost non-toxic. In Cambodia, about 80% of the protein 
source for people is fish, mainly freshwater fish caught in the Mekong River and the lakes and 
ponds around the river. Although AsBe is known to be the major arsenic form in marine fish, 
little information is available on the chemical forms of arsenicals in freshwater fish. To 
properly evaluate arsenic exposure levels among Cambodian people, it is necessary to clarify 
the concentrations and chemical forms of arsenicals in freshwater fish.  

We therefore collected 40 species of freshwater fish and 20 species of marine fish and 
other aquatic animals in Cambodia. In addition, we obtained the data of consumption amount 
of each fish by a questionnaire survey in four villages located along with the Mekong River. 
Total arsenic concentrations in fish samples were determined by ICP-MS after nitric acid 
digestion in a microwave. The chemical forms of arsenicals were analyzed by HPLC-ICP-MS 
after freeze-drying and methanol/water extraction of the samples. With an ODS column 
(CAPCELL PAKC18, Shiseido) we were able to separate and quantify As(V), As(III), AsBe, 
monomethylarsnonic acid (MMA), dimethylarsinic acid (DMA), arsenocholine, 
trimethylarsine oxide (TMAO), and tetramethylarsonium in a single assay. 
   The average arsenic concentration in freshwater fish was 0.087 ± 0.084 (0.006 to 0.32) 
mg/kg, while that in marine fish was 4.24 ± 7.44 (0.367 to 34.5) mg/kg. On the other hand, 
the fish consumption survey revealed that the total amount of the consumption of all 
freshwater fish was as high as 3.87 kg/week/person, while that of marine fish was 0.25 
kg/week/person. Therefore, we estimated fish-based intake of arsenic (µg/week/person) by 
multiplying arsenic concentration (µg/kg) in each fish by its average consumption 
(kg/week/person). When these values in all fish species were summed up, the total amount of 
arsenic intake from freshwater fish (381 µg/week/person) was higher than that from marine 
fish (243 µg/week/person), suggesting that arsenic intake from freshwater fish should not be 
underestimated even though their concentrations are low. We next carried out speciation 
analysis of arsenic in fish samples. 
   Speciation analyses by HPLC-ICP-MS detected DMA, TMAO, and As(V) in addition to 
AsBe in freshwater fish. A variety of unknown forms of arsenicals were also detected. As 
expected, the major component of arsenic in marine fish was AsBe. When the total intake of 
each arsenic form was calculated, the intake of AsBe from all freshwater fish was about 80 
µg/week/person while that from all marine fish was about 200 µg/week/person. Some types of 
freshwater fish contributed to the intakes of DMA, TMAO, and As(V). Further studies are 
required to precisely estimate the exposure levels of non-toxic and toxic forms of arsenicals 
among Cambodian people who are deeply dependent on freshwater fish consumption. 
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   The transcription factor Evi-1 (ecotropic viral integration site-1) at human 
chromosome 3q26 is rearranged, resulting in increased expression of Evi-1. Inappropriate 
expression of Evi-1 has been implicated in the development and progression of 
myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML). The AML patients 
with 3q26 abnormalities show distinctly worse survival rate. Thus, Evi-1 is the most 
considered therapeutic target of MDS and AML. On the other hand, arsenic trioxide was 
adopted for the treatment of relapsed or intractable acute promyelocytic leukemia. We 
previously demonstrated that treatment of human leukemia K562 cells with arsenite inhibits 
the DNA binding activity of Evi-1, suggesting that arsenite may be beneficial in the therapy of 
MDS and AML. In this study, we prepared recombinant Evi-1 protein and analyzed the 
inhibitory mechanism of DNA binding activity of Evi-1 by arsenite. 

We first performed electrophoresis mobility shift assay (EMSA) to examine whether 
arsenite inhibits the DNA binding activity of recombinant Evi-1 protein. The results indicated 
that the DNA binding activity of Evi-1 was inhibited by arsenite in a concentration dependent 
manner. However, no inhibition of DNA binding activity of Evi-1 by arsenate was observed. 
These results suggest that the inhibition of DNA binding activity of Evi-1 was due to the 
modification of cysteine thiol. To prove this, we incubated the recombinant Evi-1 protein with 
arsenite and ditiothreitol (DTT). The results showed that DTT repressed the inhibition of 
DNA binding activity of Evi-1 by arsenite 
(See Fig. A). Evi-1 protein contains seven and 
three Zn finger domains (ZFDs) at the 
N-terminal and C-terminal portion, 
respectively. The four (ZFD 4 to 7) of seven 
ZFDs at the N-terminus are required for DNA 
binding. Thus, we synthesized ZFD7 peptide, 
and examined whether arsenite binds to ZFD7. 
MALDI-TOF-MS results revealed mass 
increases 73-74 Da upon incubation of ZFD7 
peptides with arsenite (See Fig. B). The +73 or 
+74 Da mass shift reflects the binding of 
arsenite to the ZFD7 peptide with the release 
of two or one protons, suggesting that the coordination of arsenite with two or one cysteine 
residue.  

These results indicated that arsenite binds to cysteine residue in Evi-1, resulting in an 
inhibition of the DNA binding activity of Evi-1. We are currently studying which cysteine 
residue in ZFD7 is vulnerable to arsenite with LC-ESI-MS/MS.  

Our goal is to accumulate basic knowledge on inhibitory function of arsenite toward 
Evi-1 and to explore the possibility of therapeutic application of arsenicals to cure MDS and 
AML. 
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 Tellurium (Te) is a very useful metalloid for many industries. However, Te is not 
recognized as an essential metal for any organisms, and is considered for the risk of 
environmental pollutant. Although Te has actually harmful effects to animals, the 
environmental toxicity of Te is not obvious. Te is the same group element as selenium (Se), 
and these elements show similar physico-chemical properties. We have already shown that 
Te shares a part of the metabolic pathway of Se in the typical Se accumulator plant, garlic 
[1]. However, the Te metabolism in Se non-accumulator plants has been still unclear. In 
this study, we evaluated the concentration and chemical species of Te in Se accumulator 
and non-accumulator plants other than garlic. 
 Broccoli, Indian mustard, Nozawana, rucola, radish sprouts, china aster, chili pepper 
and red vine spinach were hydroponically cultivated with a photoperiod of 12 h light/12 h 
dark at 22˚C. One month after seeding, the plants were exposed with sodium tellurate 
(Na2TeO4) and sodium selenate (Na2SeO4) for one week. After harvesting, the 
concentrations of Te and Se were determined by an ICP-MS. The water extracts of plant 
were also prepared and applied to an HPLC coupled with the ICP-MS. 
 As expected, Se was accumulated in the leaves of Se accumulator but not in those of 
non-accumulator. Whereas, the Te concentrations were equivalent among all plants we 
tested. In the speciation study, two major peaks were observed in all plants. The former 
peak was the unknown Te compound that was also detected in our previous study using 
garlic. This Te metabolite seemed to be unique for Te since no Se analogue was detected. 
The later one was tellurate. These results suggest that either Se accumulator or 
non-accumulator can distinguish Te and Se, and have specific metabolic pathway for Te. 
 
[1] Y. Anan, M. Yoshida, S. Hasegawa, R. Katai, M. Tokumoto, L. Ouerdane, R. Łobiński and Y. Ogra: 
Speciation and identification of tellurium-containing metabolites in garlic, Allium sativum. Metallomics 
(2013) 5, 1215-1224, 10.1039/C3MT00108C 
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   Selenium is an essential micronutrient in animals, and presents as various chemical forms. 
Nutritionally available selenium selenocompounds are once converted into the common 
metabolic intermediate, selenide. Selenide is utilized to synthesize selenoenzymes, and 
transformed to urinary selenometabilites, selenosugar and trimethylselenonium (TMSe). 
Recently, we found selenocyanate, a selenium-analogue of thiocyanate, in cultured cells as a 
new selenometabolite. In this study, we conducted in vitro and in vivo experiments to clarify 
the metabolism of selenocyanate. 
   The effect of rhodanase which produced thiocyanate on the formation of selenocyanate 
was evaluated by in vitro assay. The reaction mixture consisting of sodium selenite, GSH, 
potassium cyanide, and rhodanase was applied to LC-inductively coupled plasma-mass 
spectrometry (ICP-MS) equipped with the multi-mode gel filtration column. The reaction 
mixture containing thiosulfate instead of selenite and GSH served as the positive control. 
Although rhodanase was required to convert thiosulfate into thiocyanate, it had no effects on 
the formation of selenocyanate from GSSeH and cyanide. In addition, selenosulfate was 
synthesized and subjected to the reaction by rhodanase as another substrate for the formation 
of selenocyanate. Selenosulfate is an analog of thiosulfate wherein one of the sulfur atoms is 
replaced with selenium, thus, selenosulfate seems to be more preferable to evaluate the 
involvement of rhodanase than GSSeH. The selenosulfate was entirely converted to 
selenocyanate by addition of cyanide in absence of rhodanase. These suggested that rhodanase 
is not required to form selenocyanate, and selenide may be easily conversed to selenocyanate 
in the present of cyanide. 

To evaluate the bioavailability and metabolism of selenocyanate in vivo, we administered 
[82Se]-labeled selenite or [82Se]-labeled selenocyanate to male Wistar rats to distinguish these 
exogenous (labeled) selenium from endogenous one in rats. Selenium originating from either 
selenite or selenocyanate was equally incorporated into serum selenoproteins. It suggested 
that the nutritional availability of selenocyanate was almost equivalent to that of selenite in 
the rats. Selenocyanate was also transformed into the selenosugar and TMSe as efficiently as 
selenite in rats. These results indicate that selenocyanate should be decomposed to selenide, 
and then, utilized to synthesize selenoproteins and urinary selenium metabolites in whole 
animals.  

In conclusion, selenocyanate was metabolized and assimilated into selenoproteins as 
efficiently as selenite in the rats. Taken together, selenite is metabolized to selenocyanate to 
temporarily ameliorate its toxicity, and selenocyanate acts as an intrinsic selenium pool.  
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   Selenium (Se) is an essential micronutrient because it forms the active center of 
selenoenzymes such as glutathione peroxidases and thioredoxin reductase. Another biological 
significance of Se is that it is able to detoxify inorganic mercury by directly interacting with it. 
Recently, we found selenocyanate (SeCN-) as a new selenometabolite in cultured cells 
exposed with sodium selenite (SeO3

2-). Furthermore, animal experiments revealed that 
selenocyanate was metabolized and utilized for biosynthesis of selenoproteins as well as 
selenite. In this study, we administrated SeCN- or SeO3

2- in combination with inorganic 
mercury to rat, and evaluated the interactions with mercury and the ability of mercury 
detoxification.  
   Male Wistar rats were divided into 6 groups: control, SeCN-, SeO3

2-, Hg2+, SeCN- + Hg2+ 
and SeO3

2- + Hg2+. Rats were subcutaneously administered with mercury chloride (Hg2+) or 
saline. After one hour of that, they were intravenously administered with SeCN-, SeO3

2-, or 
saline. All the rats in the 6 groups were euthanized 24 h after the administration of selenium 
compound. Non-heparinized blood was collected to obtain serum, and then the tissues were 
excised. The tissue samples were wet-ashed with nitric acid and H2O2. The concentration of 
selenium and mercury were determined by inductively coupled plasma-mass spectrometry 
(ICP-MS) and cold vapor-atomic absorption spectrophotometry (CV-AAS), respectively. 
Serum samples were subjected to LC-ICP-MS analyses to determine the distribution of Se 
and Hg, and analyses of toxicological indices (ALT, AST and BUN).  
   The concentrations of Se and Hg in the liver of the rats administrated with mercury plus 
selenocompounds were significantly higher than those of the rats administered with 
selenocompunds or mercury alone. The concentrations of Se and Hg in urine were decreased 
by the combined administration of selenocompounds and mercury. LC-ICP-MS analyses 
showed that Se and Hg in the serum of Se + Hg groups were co-eluted at a protein fraction. 
This suggests that selenocyanate is metabolized and the metabolite is interacted with mercury 
as well as selenite. The levels of ALT, AST and BUN were significantly increased by the solo 
administration of mercury. However, the combined administration of selenocompounds with 
mercury completely abrogated the hepato- and nephrotoxicities. These results suggest that 
selenocyanate has a comparable effect to selenite on the detoxification of mercury.  
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   Selenium is an essential trace element with fundamental importance to human health, such 
as redox and immune regulations.  This mineral nutrient required for maintaining normal 
human health comes from daily meals; i.e., cereal, meat, eggs and fish are known to be higher 
in selenium content than other foodstuffs.  Especially seafood materials are reported major 
dietary sources of selenium for Japanese population.  We already reported that Niboshi (a 
processed Japanese anchovy) and its extract contain selenium species with high 
bioavailability.  In this study, we addressed Asari (Ruditapes philippinarum) and Shijimi 
(Corbiculidae). 
   Edible portions of Asari and Shijimi were lyophilized and finely ground down in a motor.  
The ground samples were placed in a non-woven fabric bag and boiled in Milli-Q water.  
After the extracts were filtered through a cellulose acetate membrane (pore size 0.45 µm), 
their volumes were made up to 20 mL with Milli-Q water.  Selenium was fluorometrically 
determined using 2,3-diaminonaphthalene subsequent to acid digestion with a mixture of 
HNO3 and HClO4.  Protein concentrations were measured by the Lowry method.   
   Selenium contents in the Asari and Shijimi in the dry state were 5.40 ± 1.97 and 3.33 ± 0.73 
µg/g, respectively.  Extraction rates of selenium into water were 23.3 and 30.3%, 
respectively.  A large fraction of selenium (95.7 ± 17.6%) in the Asari extract was passed 
through a molecule mass cutoff (MMCO) 5 kDa membrane.  A small fraction of the 
proteinous species (20.4 ± 4.3%) in the Asari extract was filtered through the membrane.  
While 82.9 ± 2.6% of selenium and 48.3 ± 2.6% of protein in the Shijimi extract were filtered 
through the MMCO 5 kDa membrane.  The Asari and Shijimi extracts were separated on Q 
Sepharose in the OH form [P−N+(CH3)3⋅OH－] and SP Sepharose in the H form [P−SO3

－⋅H+] 
columns.  When the Asari extract applied to the Q Sepharose column, 94.7% of selenium in 
the extract was retained on the column.  Subsequent flushing with 0.1 M HCl resulted in the 
elution of 60.4% of selenium in the Asari extract that was initially applied to the column.  A 
similar chromatographic trend was observed for the Shijimi extract.  On the other hand, 
85.8% of selenium in the Asari extract was retained on the SP Sepharose column.  
Subsequent flushing with 0.1 M NaOH resulted in the elution of 73.1% of selenium in the 
Asari extract that was initially applied to the column.  A similar chromatographic trend was 
also observed in the separation of the Shijimi extract on the SP Sepharose column.  Overall, 
selenium species both in Asari and in Shijimi were mostly amphoteric and possess a low 
molecular mass less than 5 kDa, as was observed for Niboshi.  Such ionic selenium species 
in the Asari and Shijimi extracts were separated by an ion-pair extraction method using 
hexadecyltrimethylammonium chloride and subjected to mass spectrometry.  Selenium 
isotopic pattern containing one selenium atom in a molecule was detected from the ion-pair 
extract sample of Shijimi and the molecular ion peak of 80Se was at m/z 534.  Furthermore, 
imaging mass-spectrometry of frozen section of Shijimi revealed that the selenium species at 
m/z 534 in Shijimi was present in the midgut gland.  
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