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Transition metals have long been used and studied in medical applications, which includes 
Barium for X-ray CT and Gadolinium complexes as contrast agents in magnetic resonance 
imaging (MRI). The use of radioactive metal-complexes are also now a mainstay in nuclear 
medicine imaging for diagnosis of various diseases and functional imaging of physiological 
processes with the short-lived metal radioisotopes; Technetium (99mTc), Indium and Gallium 
being the most prevalent radio-metals being used for this purpose. 

The design of target-specific small-molecule metal complexes for molecular imaging 
presents its own particular challenges because of the relatively large contribution that the 
chelated-metal moiety imparts to the overall structure of the molecule. Despite this, several 
receptor-targeted complexes have been reported to show some degree of clinical success. In 
this context using a systematic medicinal-chemistry and a 3D structural approach, our studies 
indicate that in small-molecule metal complexes the metal lies deep within the complex and it 
is the exposed structural elements of the chelate and functionalities of the chelate that impact 
the physiochemical properties of these small complexes and thereby its in-vivo behavior. 

Applying this understanding to design and study of structural and physiochemical 
properties of targeted small-molecule metal complexes has led us to the identification of a 
new class of N2S2 chelates, termed isoAADT, which displays favorable properties that are 
useful in the design of neutral small-molecule TcvO and RevO radiopharmaceuticals. These 
[MvO(isoAADT)] complexes form stable complexes in >90% radiochemical yields and 
display similar pKa’s but with reduced lipophilicity compared to other TcVO-N2S2 complexes 
and TcI and ReI complexes of the [MI(CO)3L] core with tridentate chelates (L). Applying 
these focused strategies to metal-complexes that target melanoma, we evaluated a series of 
[99mTcvO(isoAADT)]-(CH2)n-NR2 tertiary amine derivatives in in-vivo subcutaneous and 
metastatic-melanoma lung tumor models, where they displayed enhanced and specific in vivo 
tumor uptake.  

Similarly, a study of the 3D structural properties of the chelated metal-complex when 
applied to other receptor targets such as the 5HT1A and sigma receptor also shows that the 
structure of the particular chelate can have specific interaction with the receptor and affect the 
binding-affinity of the metal complex. 

These results illustrate the importance of the 3D structure of the chelate in optimizing 
physiochemical properties of small metal-complexes for improved biological behavior. 
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Zinc is an essential trace element required for a variety of cellular functions. Zinc homeostasis 
is tightly controlled by zinc transporters, and their impaired functions cause various types of 
health problems. Recent advances of experimental approaches have revealed that zinc 
mediated by transporters acts as a signaling factor recognized as zinc signal, which regulates 
numbers of cellular and molecular events, thereby in health and disease aspects.  
 

In this session, I would like to share the updated information about the significant roles of 
zinc signaling in cellular functions and diseases. In particular, I will address that zinc 
transporter-mediated zinc signaling is essential for systemic growth, bone homeostasis, 
connective tissue development, and immune responses. In addition, I will discuss that zinc 
signal selectively controls signal transduction pathways, named “zinc signal axis”, that may 
help understanding the role of zinc signaling in physiology and pathogenesis.  
 

Also, I will introduce the International Society for Zinc Biology (ISZB), which was 
founded in 2007 as a nonprofit organization, bringing together scientists from a diversity of 
fields with a common interest in the structural, biochemical, genetic and physiological aspects 
of zinc biology, and holding biannual international conferences (Fig.1, http://iszb.org/). 
 
 
Reference 

Proc Natl Acad Sci USA 2014; 111:11780-11785  
Zinc transporter SLC39A10/ZIP10 facilitates 
antiapoptotic signaling during early B-cell 
development. 

Proc Natl Acad Sci USA 2014; 111:11786-11791  
Zinc transporter SLC39A10/ZIP10 controls humoral 
immunity by modulating B-cell receptor signal 
strength.  

EMBO Mol Med. 6: 1028-1042, 2014 
Molecular pathogenesis of Spondylocheirodysplastic 
Ehlers-Danlos syndrome caused by mutant ZIP13 
proteins.  

 
Zinc Signals in Cellular Functions and Disorders 

Fukada and Kambe: Springer, 2014 (Book) 
 
 

 
Fig.1 ISZB-2014 at Asilomar CA, UAS 

PL-02 



Development of Hydrogen Production by Ni(II) Complexes 
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   Hydrogenase acts as an effective catalyst for reversible two-electron redox of hydrogen at 
ambient temperature and pressure. [FeFe]hydrogenase produces molecular hydrogen with the 
turnover frequency of 6000 ~ 9000 s-1 [1]. Through many structural and functional studies of 
the hydrogenase active sites, it has been understood that the high efficiency is attained by the 
presence of proton trapping and providing sites near the active center and an interaction site 
as a hydride at the iron center. So the information will be useful to construct an active catalyst 
under ambient conditions. 

In this study, in order to develop a metal complex catalyst for hydrogen production from 
proton, a phosphine-pyridine type ligand, 6-((diphenylphosphino)methyl)pyridin-2-amine (L), 
was designed and synthesized. Introduction of phosphine group is to force a low oxidation 
state of Ni that can transfer two electrons to proton. An amine group was also introduced into 
the ligand as a proton accepter near the Ni center as well as the active site of 
[FeFe]hydrogenase. Two Ni(II) complexes, [Ni(L)2Cl]Cl and [Ni(L)2](BF4)2, were prepared 
and their structures were clarified by X-ray structural analysis (Figure 1). The complex, 
[Ni(L)2Cl]Cl, showed a distorted square pyramidal structure with two ligands and a chloride 
anion. A hydrogen bond (NH…Cl-) was found between the amide group of ligand and the 
coordination of chloride anion. On the other hand, [Ni(L)2](BF4)2 had a little distorted square 
planar geometry with two BF4

- as counter anions. Electrochemical analysis for the Ni(II) 
complexes was also performed in order to evaluate the catalytic ability for electrochemical 
hydrogen production. 
The catalytic current 
increased by a stepwise 
addition of proton. The 
turnover frequency could 
be estimated as ~8000 s-1 
using acetic acid as 
proton source in 
acetonitrile solution.  
The overpotential for 
hydrogen production       
became smaller by ca. 
400 mV as compared to 
the control in the 
absence of the 
complexes. 
 
[1] F. A. Armstrong, et al., Chem. Rev., 2007, 107, 4366-4413 

Figure 1. X-ray crystal structures of [Ni(L)2Cl]Cl･2MeOH (left) and 

[Ni(L)2](BF4)2 (right) 
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   Nitric oxide (NO) is a mono-radical molecule and generally known as a highly toxic 
molecule. However, recently it has been recognized as one of the most important small 
molecules in biological systems. For example, it is reported to be closely related to 
physiological functions such as arteriosclerosis, immune reaction, and neurotransmission. The 
NO molecule is produced in vivo from members of the nitric oxide synthase (NOS) family of 
enzymes. It is very important to obtain the concentration information of NO molecule in 
biological system. So we tried to develop the device showing 
a selective sensing of NO molecule. We have previously 
reported that a four-coordinate square planar Co(III) and 
Fe(III) complexes, which are coordinated with stronger 
electron donating ligands, show the selective reaction against 
NO molecule.1  In this study, we designed and prepared 
new Co(III) complex with N, 
N'-(1,2-phenylene)bis(1H-pyrrole-2- carboxamide) (H4L1) as 
a strong donating N4-type ligand, PPh4[CoIII(L1)] (1, Figure 
1.), which was characterized structurally, spectroscopically 
and electrochemically. UV-vis spectrum of 1 gave an 
intense band at 540 nm in MeCN, which was changed as 
shown in Figure 2 by stepwise addition of NO. 
Cyclic voltammogram of 1 showed a 
reversible wave at E1/2 = -0.87 V vs. Ag/Ag+. 
Interestingly, when we added NO gas to 
complex 1 under Ar atmosphere, the redox 
wave of 1 disappeared and gave a new 
reversible wave at −0.45. These findings 
suggest that complex 1 forms a nitrosyl 
complex. Furthermore interestingly, the 
resultant nitrosyl complex released NO under 
the sunlight to return to complex 1. The 
binding and photoreleasing of NO were 
reversible, which may have been achieved by 
extension of π-conjugation in the ligand frame. 
Furthermore interestingly, complex 1 did not 
show any reactivity against other small 
molecules such as O2, H2O, NO2

− and CO. 
1) Z. Zhang, T. Suwabe, M. Ishikawa, Y. Funahashi, T. Inomata, T. Ozawa and H. Masuda, 
Dalton Trans., 42(13), 4470-4478 (2013). 

 

 

Figure 1. Crystal structure of 1 

Figure 2. UV-vis spectral changes of 1 in 
stepwise addition of NO in MeCN 
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Numerous progresses have 
been made in the development of 
artificial metalloenzymes, which 
are highly regio- and/or enantio- 
selective catalysts consisted with 
a protein matrix and a synthetic 
metal complex. By using a 
Rh-loaded carbonic anhydrase, 
that is a Zn-containing hydrolase, 
Kazlauskas group has recently 
achieved the regioselective 
alkene hydrogenation1 and 
hydroformylation.2 Ward group has succeeded in the mutational optimization of 
enatio-selective alkene dihydroxylation reaction with the Os-loaded streptavidin3 that is 
known as biotin-binding protein. However, these systems still have room to be improved in 
that selectivity and robustness of the catalyst.  

On the other hand, a model complex of non-heme iron metalloenzymes, 
tris(2-pyridylmethyl)amine (TPA)-ruthenium and osmium complexes have been developed 
and their catalytic activity has been examined in various reactions in order to elucidate the 
enzymatic functions and apply them to organic synthesis. To construct a similar complex in a 
protein, we have employed a cupin-type protein (TM1459) obtained from Thermotoga 
maritima, where well-defined amino acid residues are disposed in the protein matrix. This 
metal binding site consists of 4-histidine residues in a similar geometry to that of the TPA 
ligand system. Herein, we have synthesized mononuclear ruthenium and osmium complexes 
by using this hyperthermostable protein as ligand in order to see whether this robust protein 
scaffold is suitable to the homogeneous catalyst for organic synthesis. After metallation of 
apo-form (depleted metal form) with Ruthenium and Osmium ion, we have explored the 
structure of metal binding site by the X-ray crystallography to find that each ion is supported 
by 4 histidine residues and has two oxygen atoms in a cis position (Figure). Furthermore, we 
found that Os-TM1459 is able to catalyze the alkene dihydroxylation reaction with H2O2. To 
improve the catalytic activity, several mutants have been developed and their spectroscopic 
characteristics as well as reactivity have been examined in detail. 

 
1 K. Okrasa, and K. R. J. Kazlauskas, Chem. Eur. J. 2006, 12, 1587. 
2 Q. Jing and R. J. Kazlauskas, ChemCatChem 2010, 2, 953. 
3 V. Köhler, J. Mao, T. Heinisch, A. Pordea, A. Sardo, Y. M. Wilson, L. Knörr, M. Creus, J. 
Prost, T. Schirmer, and T. R. Ward, Angew. Chemie Int. Ed. 2011, 50, 10863. 
 
 

 
Fig. Active centers of Ru- (A) and Os-TM1459 (B) 
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Yttriumu-90-labeled anti-CD20 antibodies have demonstrated high efficacy in the 
treatment of relapsed non-Hodgkin lymphoma. This encourages the treatment of solid tumor 
with radiolabeled antibody fragments and peptides (abbreviated as polypeptides). However, 
high and persistent localization of radioactivity in the kidney after injection of radiolabeled 
polypeptides impairs target visualization around kidneys and compromises therapeutic 
efficacy.  

To circumvent the problem associated with radiolabeled polypeptides, we developed a 
radioiodination reagent that liberates m-iodohippuric acid (IH) from covalently-conjugated 
parental polypeptides by the action of enzymes present on renal brush border membrane, 
3’-iodohippuryl Nε-maleoyl-L-lysine (HML). [131I]-HML-Fab significantly reduced renal 
radioactivity levels from early post-injection time without impairing the radioactivity levels in 
the tumor, due to rapid release of m-[131I]IH in murine kidney.  

To pursue the feasibility of the molecular design to metallic radionuclides, we designed 
[188Re]tricarbonyl(cyclopentadienylcarbonyl glycyl-Nε-maleoyl-L-lysine)-rhenium 
([188Re]CpTR-GKM), considering similar pharmacokinetics between [188Re]CpTR-glycine 
and m-IH. [188Re]CpTR-GKM-conjugated Fab were prepared by condensation of 
[188Re]CpTR-COOH to glycyl-Nε-maleoyl-L-lysine tert-butyl ester, subsequent deprotection, 
and final conjugation with thiolated Fab. [188Re]CpTR-GK-Fab exhibited pharmacokinetics 
similar to simultaneously injected [125I]HML-Fab in mice, due to preferential release of 
[188Re]CpTR-glycine by renal brush border enzymes. These results indicated that the 
molecular design of HML could be applied to metallic radionuclides. However, further 
application of CpTR-GKM was hampered by the time-consuming reaction using radiolabeled 
intermediates. 

To put the molecular design into practice, we selected 2-picolylamine-N-acetic acid (PG) 
as a chelating moiety for [M(CO)3(OH2)3]+ (M=Tc or Re). However, the glycyl-lysine linkage 
was not recognized as a substrate for renal brush border enzymes when 99mTc-PG was 
conjugated to the dipeptide. The release of 99mTc-PG-glycine was achieved by incorporating 
phenylalanine between glycine and lysine. The PG-GFK moiety was attached to Fab by 
converting the ε-amine of lysine in FGK to maleimide, followed by the conjugation to 
thiolated Fab. 99mTc-labeled Fab was obtained by reacting [99mTc(CO)3(OH2)3]+

 with 
PG-GFK-Fab. The 99mTc-labeled Fab exhibited low renal radioactivity levels from early 
post-injection interval due to release of 99mTc-PG-glycine from 99mTc-PG-GFK-Fab by the 
action of renal brush border enzymes.  

These findings indicate that meleoyl PG-GFK would constitute a useful trifunctional 
chelating agent to overcome the the problem associated with 99mTc/186/188Re-labeled 
polypeptides for diagnostic and therapeutic applications. 
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   The development of noninvasive methodology for detection of biorelevant metal ions is 
important for understanding their biological roles and relationship with diseases.1  In order to 
approach to this issue, we have been interested in the 11B NMR/MRI probes for the detection 
of d-block metal ions, because 11B is one of ultratrace elements in living systems. 

Previously, we reported on the phenylboronic acid-pendant cyclen for the detection of 
d-block metals (cyclen = 1,4,7,10-tetraazacyclododecane).2  As an extension of this work, 
we designed and synthesized o-carborane-pendant cyclens such as 1 on the assumption that 
their o-carborane units would be decomposed by complexation of d-block metal with cyclen 
in aqueous solution to release more than two molecules of B(OH)3.   

During the measurement of the deboronation reactions of 1 in the presence of various 
d-block metals such as Cu2+, Zn2+, Fe2+, Ni2+, Mn2+ and Co2+, we discovered that Cu2+ and 
Mn2+ considerably accelerate the decomposition of o-carborane unit, resulting in the release 
of 4-9 molecules of B(OH)3 per o-carborane, as confirmed by 11B NMR spectra and 
azomethine-H assay (Figure 1).3  Moreover, it was found that o-carborane derivatives that 
have hydroxyl groups instead of cyclen unit also undergo decomposition in the presence of 
Cu2+ and Cu2+ complexes such as Cu(2,2’-bpy) to afford 10 molecules of B(OH)3.  These 
findings are applied to 11B NMR (and MRI) probes for Cu2+ and Mn2+.  In this presentation, 
these results are described. 
 
Figure 1 
 
 
 
 
 
 
 
1) J.J.R. Frausto da Silva and R.J.P.Williams. The Biological Chemistry of the Elements The 

Inorganic Chemistry of Life; Oxford University Press: Oxford, 1991. 
2) M. Kitamura et al. Inorg. Chem. 2011, 50, 11568-11580.  
3) Nishiura, Y., Tanaka, T. et al. manuscript in preparation. 
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   Multicopper oxidase (MCO) is a class of enzymes containing four copper ions in the 
active site, a type I Cu (T1Cu), a type II Cu (T2Cu) and a pair of type III Cus (T3Cus). T1Cu 
is the center to oxidize substrate, and T2Cu and T3Cus to form a trinuclear copper center 
(TNC) is the center to reduce O2 to H2O.   
   CueO is located in the periplasmic space of E. coli, and concerns in the oxidations of 
cuprous ions and catecholic siderophores such as enterobactin for detoxification. We have 
studied structure function relationships of CueO and related MCOs such as bilirubin oxidase, 
laccase, ascorbate oxidase, ceruloplasmin. Further, we have prepared their derivatives with 
enhanced enzymatic activities at the aims of applying them to cathodic catalysts for biofuel 
cell and pigment formations. We trapped and characterized the reaction intermediates for O2 
reduction, the intermediate I (peroxide intermediate) and intermediate II (native intermediate) 
with an O-centered structure at TNC by performing reactions of the derivatives, in which 
T1Cu site was vacant and/or the network to transport protons was shut down etc. In spite of 
successful trapping of the reaction intermediates the mechanism of the four-electron reduction 
of O2 by MCOs has not been fully understood yet. In this study we performed mutations at the 
Tyr69, Cys138, Trp139, and Tyr496 residues located at the outer sphere of TNC in CueO in 
order to reveal the conversion step from the intermediate I to the intermediate II. This process 
does not seem as simple as a 2-electron step from T1Cu and T2Cu or from T3u and T3Cu to 
peroxide. Differing from CueO and many 
other MCOs comprised of 3-domains, it 
has been proposed that an uncoordinated 
Tyr residue is involved in the O2 reduction 
to H2O as electron donor; the Tyr residue 
covalently connected with a His ligand to 
CueB in cytochrome oxidase, a Tyr 
residue located near a His ligand to one of 
T3Cus in SLAC, a 2-domain laccase to 
form a hexagon structure to exert activity.   
    Single and multiple mutations have been performed for Cys500 as a ligand to T1Cu, 
Glu506 as a key amino acid to transport protons from bulk waters to TNC and the 
outer-sphere amino acids as above. Enzymatic activities did not change significantly by 
performing mutations at the outer-sphere amino acids. Therefore, all these amino acids 
located at the outer sphere of TNC do not seem to function as electron donors in the course of 
O2 reduction. Typical MCOs with three-domains may not utilize these amino acids as electron 
donor. Otherwise, the forth electron transfer step may not as rapid as to affect the overall 
reaction rate during catalytic cycle. Accordingly, we find that the unequivalences between 
T3Cus, e.g. unequal reductions during catalytic cycle, originate in the d-π interaction 
involving Trp139.    
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   Malaria is one of the most extensive infection diseases spread in most of tropical and 
subtropical areas. Malaria parasite has acquired way to escape from toxicity of free heme 
when it feeds blood erythrocytes that contain large amount of heme. In the parasites’ vacuoles, 
heme molecules are bound each other to form a polymerized heme named hemozoin (Hz) that 
is harmless to the parasite. This Hz formation in the vacuoles is considered via both heme 
dimerization process by some proteins such as heme detoxification protein (HDP) and 
self-assembly process. Chloroquine has been considered as a terminator of heme 

polymerization.1 We expected that 
compounds having high affinity to 
heme should interfere Hz formation 
and exhibit antimalarial activity. 
π-Electron-conjugated planar 
molecule interacts with heme by 
π-π stacking, therefore molecules 
with two planar moieties are 

expected to have more affinity to heme than single one. 
   We prepared various compounds having two condensed heteroaromatic rings conjugated 
with triaza-alkane linker. All the compounds having two π-conjugated planes were evaluated 
for their antimalarial activities against both the K1 strain (chloroquine-resistant) and FCR3 
strain (chloroquine-sensitive) of P. falciparum in vitro. A number of the compounds had high 

antimalarial activities.2 Especially, compound 1 
having 2-quinolyl moiety as a plane showed the 
highest activity (EC50 0.8 nM).2  
Next, we examined protective effect of the 
compounds on degradation of hemin with H2O2 as 
an indicator for affinity to heme. Chloroquine had 
slight activity on protection of hemin and quinine 
showed almost no effect. In contrast, compounds 

having two π-conjugated planar moieties had much higher activities than that of chloroquine. 
The heme-protective property of bis-plane-type molecules would indicate such molecules 
have high affinity toward hemin. Each protective activity was plotted with the anti-malarial 
activity. The plot indicates a certain correlation between the two activities. These results 
suggest that strategy of enhancing heme affinity would lead to potent antimalarial activity. 
 
References 
1. Weissbuch, I; Leiserowitz, L. Chem. Rev. 2008, 108, 4899-4914. 2. Higuchi, T; Umezawa, 
N; Kato, N.  Jpn. Kokai Tokkyo Koho (2013), JP 2013237614.  
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   We have reported that horse cytochrome (cyt) c forms oligomers by domain swapping its 
C-terminal helix,1 whereas Hydrogenobacter thermophilus (HT) cyt c552 forms oligomers by 
domain swapping the region containing the N-terminal α-helix and heme.2 We have also 
reported that myoglobin (Mb) forms a domain-swapped dimer with two extended α-helices.3 
   Domain-swapped oligomers of horse cyt c were produced by refolding from the acid 
molten globule state to neutral pH state at high protein and ion concentrations.4 Pseudomonas 
aeruginosa (PA) cyt c551 formed domain-swapped dimers by swapping the region containing 
the N-terminal α-helix and heme.5 The hinge loop of domain swapping for cyt c family 
proteins corresponded to the unstable region specified for the monomer, although the 
swapping region differed among proteins. These results indicated that the unstable loop region 
has a tendency to become a hinge loop in domain-swapped proteins. Hyperthermophilic 
bacterium Aquifex aeolicus (AA) cyt c555 possesses a unique long 310-α-310 helix containing 
the heme-ligating Met61. AA cyt c555 formed dimers by swapping the region containing the 
extra 310-α-310 and C-terminal helices.6 
   We found that the CO rebinding rate constant of the dimer of horse Mb is twice larger 
than that of the monomer, although the active site structure of monomeric and dimeric 
CO-bound Mb is very similar according to FT-IR and Raman measurements.7 We also 
developed a rational approach to design a heterodimeric protein using domain swapping for 
horse Mb.8 As confirmed by X-ray crystallographic analysis, a heterodimeric Mb with two 
different active sites was produced efficiently from two surface mutants of Mb, in which the 
charges of two amino acids involved in the dimer salt bridges were reversed in each mutant 
individually, with the active site of one mutant modified.  
 
References 
1. a) S. Hirota et al., Proc. Natl. Acad. Sci. U.S.A. 2010, 107, 12854; b) Z. Wang et al., Org. 
Biomol. Chem. 2011, 9, 4766; c) A. D. Nugraheni et al., J. Biol. Inorg. Chem. 2013, 18, 383; d) 
P. P. Parui et al., Biochemistry 2013, 52, 8732. 
2. Y. Hayashi et al., Biochemistry 2012, 51, 8608.  
3. S. Nagao et al., Dalton Trans. 2012, 41, 11378. 
4. M. S. Deshpande et al., Biochemistry 2014, 53, 4696. 
5. S. Nagao et al., PLoS One 2015, 10, e0123653. 
6. M. Yamanaka et al., Protein Sci. 2015, 24, 366. 
7. S. Nagao et al., J. Biol. Inorg. Chem. 2015, 20, 523. 
8. Y.-W. Lin et al., Angew. Chem. Int. Ed. 2015, 54, 511. 
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In the past decade, the use of biomaterials as plant catalytic systems incorporating redox 

cofactors for asymmetric oxidation reactions has been investigated. In particular, the redox 
protein eluted from pea protein (PP) encapsulated with calcium alginate gel (PP gel) is 
available for synthesis. Specifically, membrane-bound enzymes (ME) are activated by a 
buffered glycine reaction solution (pH 9.0–10.0). Eluted from encapsulated PP, under aeration, 
ME can be applied to turnover kinetic resolutions; e.g., ME may synthesize S-(+)-1 
(S-naproxen precursor) utilizing a glutaraldehyde (GA)/a PEG (4000)-coated ME. An iron 
electron-transfer system may be incorporated as an oxygen driven-catalytic system for 
asymmetric oxidation. The species’ exact nature engaged in the key reaction is demonstrated 
to be consistent with that of a heme-binding protein. An N-terminal sequence comparison also 
provides 93% similarity with a 20.853 kDa hemophore HasApf gene product [Pseudomonas 
fluorescens Pf-5]. Therefore, these features are regenerated by successive asymmetric 
catalytic events using an incorporated iron electron-transfer system in the presence of oxygen.  
However, a HasApf gene would be identified through the application of asymmetric oxidation, 
because no BLAST-hit exemplifying the gene was determined due to broad acquisition by PP.  

The scope of this study is to clarify 
all the species engaged in the HasA bio- 
catalytic oxidation sequence, eluted  
from encapsulated pea protein (PP)  
under aeration. The ESR spectrum  
appears at the g = 4.3 signals because  
of the intermediate spin (S = 5/2 and       
3/2) in oxoferryl-Fe(IV) = O and/or a  
redoxin. FTIR experiments provide  
values 950 to 1250 cm−1 for the metal- 
bound sulfinate S–O vibrations. This  
indicates that the PP-HasA may be coordinated to Cys,  
not His/Tyr, and suggests that it can perform successive asymmetric catalytic events via an 
incorporated iron electron-transfer system. The asymmetric oxidation activity is attributed to a 
HasA that is native to the PP due to the broad acquisition by PP from commensal bacteria-P. 
fluorescens PF-5. The use of a raw biomaterial as a HasA-catalytic system for asymmetric 
oxidation is an important novelty, despite the apparent difficulties in working with pure 
dehydrogenase enzymatic/redox-cofactor systems for biotransformation. The new catalysis 
(i.e., SanCat-R) has placed on the market- Wako code No. 351-34213 (5g). 
References:  

1) H. Nagaoka, K. Udagawa and K. Kirimura, Biotechnol. Prog. 2012, 28, 953.  
2) H. Nagaoka, ACS Catal. 2014, 4, 553.  
3) H. Nagaoka, RSC Adv. 2014, 4 (31), 16333. 

HasA- iron electron-transfer system from pea 
Fe (II) + O
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→ Fe (III) − O–O

−

 →Fe(IV) = O (oxidizing rac-1,2) → Fe (II) + H
2
O 

HasA-Fdx complex           Asymmetric Oxidation 
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(20.8kDa) 

Fdx(9kDa) 
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Synthesis and Application of Novel Aromatic Porphyrinoid 
with Oxidized and Reduced Pyridine Rings 
 
Saburo NEYA1, Masaaki SUZUKI2, and Tyuji HOSHINO1  
 
1Graduate School of Pharmaceutical Sciences, Chuoh-Inohana, Chiba 
University, Chiba 260-8675, Japan, and 2Department of Chemistry, Graduate 
School of Science and Engineering, Shimane University, Matsue, Shimane 
690-8504, Japan. 

 
In view of the prospective shortage of transfused blood in medical care, the development 

of artificial O2 carrier is the matter of urgent necessity. The ligand binding property of O2 
carrying hemoproteins depends on the molecular shape of tetrapyrroles on the heme. 
Replacement of the pyrrole unit with pyridine ring could influence the physicochemical 
properties of porphyrin.  None of aromatic porphyrinoids with two pyridine rings have been 
reported so far because the local aromaticity in pyridine is so strong that the electrons in 
pyridine rings do not form 18-π electron circuit. 

 
We devised a synthesis of novel porphyrinoid containing two pyridine rings by the 

coupling of 2,5-diformyl-3-hydroxypyridine with a tripyrrane-like compound bearing a 
central pyridine. Fig. 1 shows the structure and absorption spectrum of the product. The 
macrocycle exhibits a sharp Soret-like band at 421 nm and visible peaks in a 550-700 nm 
region to suggest the 18-π aromaticity. It is also notable that the local aromaticity within the 
two pyridine rings is lost. Our result unexpectedly provides the first demonstration that 
porphyrinoid aromaticity is achieved by the interaction between the oxidized and reduced 
pyridine rings. 

 
The X-ray structure analysis revealed the presence of both oxidized ketopyridine and 

reduced tetrahydropyridine subunits.  The N4 area (9.583 Ǻ2) formed by the four N atoms of 
the pyrroles and pyridines was much 
larger than that (8.503 Ǻ2) of regular 
porphyrin. The wide N4 core comes 
from the larger bond angle (117.5o) of 
pyridine nitrogen in comparison with 
that (110.8o) of pyrrole nitrogen. A close 
relationship between the porphyrin core 
size and the O2 affinity in hemoprotein 
has been reported. The expanded N4 
hole of the present macrocycle indicates 
that the iron complex will significantly 
reduce the O2 affinity of myoglobin.  
This suggests possible application of the 
dipyridinoid-embedded macrocycle to 
create myoglobin-based O2 carrier.   
 
 
Reference: S. Neya, M. Suzuki, T. Mochizuki, T. Hoshino, and A. T. Kawaguchi, Eur. J. Org. 
Chem. 2015, in press 
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Synthesis of Amino Acid Ester-Introduced Platinum and 
Palladium Complexes for Anti-tumor Reagents  
 
Akihiro NOMOTO1, Shigenobu YANO2, Miki HATANO1, Yuta SAKAI1, 
and Akiya OGAWA1 
 
1Department of Applied Chemistry, Graduate School of Engineering, 
Osaka Prefecture University.  2Graduate School of Materials Science, 
Nara Institute of Science and Technology. 
 

   Biomolecules, such as sugars or amino acids, play important roles in the organisms, and 
the incorporation of metal complexes into biomolecules is envisioned to provide novel 
biomaterials.  From recent pharmacological viewpoints, the development of biomolecular 
complexes or its related compounds have led to exploring synthetic methods to incorporate 
biomolecules into organic compounds.  It is well-known that cancer cells have a higher 
affinity for sugar, especially glucose, than regular healthy cells,1 thus incorporation of a sugar 
moiety to platinum complex may produce improved anti-tumor reagent.  Cisplatin is one of 
the most effective chemotherapeutic agents for cancers although it has several disadvantages.  
Recently, we synthesized metal complexes containing glucosamine and investigated their 
anti-tumor activities.2 
   Contrary to this, protein and amino acid metabolism in cancer also attracts much attention 
recently.3  In addition, the amino acid incorporated metal complexes showed characteristic 
structural properties based on hydrogen bondings.4  From these points of view, herein we 
report the synthesis of novel platinum and palladium complexes introduced amino acid ester 
moiety.  To synthesis the amino acid-incorporated ligand in organic phase, amino acids 
(glycine, alanine and phenylalanine) were converted to the corresponding esters in ordinary 
method.  The schematic representation of synthetic method was shown in Scheme 1.  The 
series of metal complexes synthesized successfully, and anti-tumor effects were also 
investigated.   
 
 
 
 
 
 
 
 
 

Scheme 1. Schematic representation of Pt and Pd complexes. 
 
[1] O. Warburg, Science 1956, 24, 309. 
[2] M. Tanaka, H. Kataoka, S. Yano, H. Ohi, K. Kawamoto, T. Shibahara, T. Mizoshita, Y. Mori, S. 

Tanida, T. Kamiya, T. Joh, BMC Cancer 2013, 13, 237. 
[3] E. Babu, Y. Kanai, A. Chairoungdua, D. K. Kim, Y. Iribe, S.Tangtrongsup, P. Jutabha, Y. Li, N. 

Ahmed, S. Sakamoto, N. Anzai, S. Nagamori, H. Endou, J. Biol. Chem. 2003, 278, 43838.  
[4] (a) Bioorganometallic Chemistry; Topics in Organometallic Chemistry; Shimonneaux, S. Ed.; 

Springer: Berlin, 2006. (b) T. Moriuchi, A. Nomoto, K. Yoshida, A. Ogawa, T. Hirao, J. Am. Chem. 
Soc. 2001, 123, 68. 
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Anticancer Pt(II) Drugs Containing Aromatic Stacking and 
Biogenic Polyamine 
  
Hiroaki WATANABE1, Yasuko YAMAGA1, Yuna KITAMURA1, Tatsuto 
KIWADA1, Kazuma OGAWA2, and Akira ODANI1  

  
1Division of Pharmaceutical Sciences, Graduate School of Medical 
Sciences, Kanazawa University, Kanazawa 920-1192 2Innovative 
Integrated Bio-Research Core, Institute for Frontier Science Initiative 
Kanazawa University, Kanazawa 920-1192 
 

      Active form of clinical anticancer Pt(II) drug Cisplatin (NH3)2PtCl2 is believed to be 
(NH3)2Pt(Guanine)2 where Pt(II) coordinated Guanine N7 in DNA, and furthermore HMG 
protein formed the adduct with Pt(II)-guanine moiety by face-to-face and face-to-edge 
stacking between phenylalanine in HMG and Pt(II)-coordinated guanine ring. Our model 
complexes such as Pt(MP)(AtC3) (MP:5-methyl-1,10-phenanthroline, At:anthracenyl, C3: 
propanediamine) showed excellent anticancer effect1, and this indicated the adduct as the 
bioactive form.  Here we added the polyamine moiety to Pt(MP)(AtC3) because the 
polyamine are essential for cancer grows and the resultant pharmacodynamics may be 
expected to play an important role of pronounced antitumor effect.  

The polyamine ligand At-PA as AtC3 moiety were AtN3, 
2At-N4, and 2At-Spm (N3: H2N-(CH2)3-NH-(CH2)3-NH2, N4: 
H2N-(CH2)3-NH-(CH2)2-NH-(CH2)3-NH2, Spm: H2N-(CH2)3-NH- 
(CH2)4-NH-(CH2)3-NH2). The synthesized Pt(II) complexes 
Pt(MP)(At-PA) were identified by elemental analysis and H1-NMR. 
The Pt coordination structure was 2N from MP and 2N from At-PA 
(terminal H2N-(CH2)3-NH in AtN3, 2At-Spm, central NH-(CH2)2-   Fig. 1 Pt(MP)(At-PA) 
NH in 2At-N4) (Fig. 1). The additional At ring also stacked MP.  
The introduction of extra NH and At moieties to Pt(MP)(AtC3) resulted the hydrophobicity 
(log Po/w(octanol/water = 0 - 0.5 in Pt(MP)(2At-N4 and 2At-Spm) vs. -0.5 in Pt(MP)(AtC3)). 
The bioactivities of Pt(MP)(At-PA) in human cancer cell line were lower than Pt(MP)(AtC3) 
(log IC50 average : AtC3(0.2 µM) < 2At-Spm < 2At-N4 < At-N3 < cisplatin (8 µM)). 
However, the low and high IC50 showed the cancer selectivity. Bio-distribution of 
Pt(MP)(2At-Spm) in normal mouse showed (1) high Pt concentrations in liver, kidney, and 
bone, (2) fast clearance. The BUN values in mouse showed no nephorotoxicity. In vivo assay 
of the kidney cancer in nude mouse showed excellent result. The body weight in the vivo 
assay indicated no side effect. Thus, the introduction of the polyamine moiety is very useful to 
change the drug distribution/kinetics and add the anticancer effectiveness.  
1) Y. Yamaga, Y. Matsuoka, T. Kiwada, K. Ogawa, A. Odani, 24th SRM Abstract, 2014, 49. 
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Tetrazolato-Bridged Dinuclear Platinum(II) Complexes 
with Various Substituents at Tetrazole C5 
 
Masako UEMURA1, Hiroki YONEYAMA2, Yuko YOSHIKAWA3, 
Takahiro TSUCHIYA1, Miyuu HOSHIYAMA1, Takaji SATO2, Kenichi 
YOSHIKAWA4, Shinya HARUSAWA2, and Seiji KOMEDA1 
 
1Faculty of Pharmaceutical Sciences, Suzuka University of Medical 
Science, Mie 513-8670. 2Faculty of Pharmaceutical Sciences, Osaka 
University of Pharmaceutical Sciences, Osaka 569-1094. 3Department of 
Biotechnology, College of Life Sciences, Ritsumeikan University, Shiga 
525-8577. 4Faculty of Bio and Medical Sciences, Doshisha University, 
Kyoto 610-0394 
 

The tetrazolato-bridged dinuclear platinum(II) complex, [{cis-Pt(NH3)2}2(µ-OH)(µ-tetrazo- 
lato-N2,N3)]2+ (5-H-Y) is currently a promising anticancer drug candidate and showed a 
markedly high in vivo antitumor efficacy against xenografted pancreatic cancer. As structural 
features, 5-H-Y is a dinuclear platinum(II) complex and charged in +2, whereas all the 
platinum-based drugs such as cisplatin are mononuclear and electrically neutral complex. 
Recently, with a variety of substituents (alkyl, aryl, carboxylate and hydroxyl group), 23 
derivatives of 5-H-Y, [{cis-Pt(NH3)2}2(µ-OH)(µ-5-R-tetrazolato-N2,N3)]n+ (n = 1 or 2), have 
been synthesized to construct a structure-activity relationship.  

First, the cytotoxicity study for these 23 derivatives against L1210 murine leukemia cell 
line sensitive or resistant to cisplatin (L1210W or L1210R) revealed that tetrazolato-bridged 
complexes with less bulky substituent and higher positive charge tend to show higher 
cytotoxicity, and that most complexes overcome cross-resistance to cisplatin. Interestingly, 
tetrazolato-bridged complexes charged in +1 showed markedly low cytotoxicity (IC50 > 160 
µM) to both L1210W and L1210R cells, compared with those charged in +2.  

Next, we performed the fluorescent microscopy observation of single molecule T4 phage 
DNA to monitor higher-order structural changes upon addition of various concentrations of 
tetrazolato-bridged complexes, 5-H-Y and 1–4 (R = CH3 (1), C6H5 (2), CH2COOC2H5 (3), 
CH2COO− (4), n = 2 (1–3) or 1 (4)). The observation revealed that 5-H-Y and 1–4 induced 
DNA compaction at 10–100 µM, while 100 µM cisplatin caused almost no change. This result 
suggested that 5-H-Y and 1–4 effectively interact with DNA, which is a target of platinum 
drugs. Unexpectedly, complex 4, charged in +1, changed the higher-order structure of T4 
DNA at the lowest concentration, which was nearly equal to that of 5-H-Y, meaning that the 
high ability of 4 to interact with DNA was contradictory to its own low cytotoxicity. For the 
better understanding of the cytotoxicity of tetrazolato-bridged complexes, the cellular uptake 
study of 5-H-Y and 1–4 on L1210W and L1210R was conducted. Each compound (1 µM) 
was added to both cell lines, and the cellular platinum complex (nmol/107 cells) was 
quantitated using ICP-MS. There was a certain correlation between the intracellular contents 
of platinum complex and the cytotoxicity, and complex 4 
with the least cytotoxicity was hardly taken into both cell 
lines. These results shown in this study suggested that the 
cellular uptake that is most likely to be controlled by the 
total charge of tetrazolato-bridged complexes is one of the 
decisive factors to determine their cytotoxicity.  
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Involvement of extracellular Zn2+ in β-amyloid mediated 
cognitive decline 
 
Haruna TAMANO, Masatoshi NAKAMURA, Hiroaki FUJII, Chihiro 
UEMATSU and Atsushi TAKEDA  
 
Graduate School of Pharmaceutical Sciences, University of Shizuoka, 
Shizuoka 422-8526  
 

   Memory function normally declines along with aging, and is believed to deteriorate 
initially because of changes in synaptic function rather than loss of neurons. The cognitive 
deficit and memory loss, which are observed in patients with mild cognitive impairment 
(MCI) or early-phase Alzheimer’s disease, may be associated with Aβ-induced synapse 
dysfunctions such as impairment of long-term potentiation (LTP). We examined an idea that 
short-term cognitions are transiently affected by a state of confusion in Zn2+ transport system 
due to a local increase in amyloid-β (Aβ) concentration in the normal brain. In the 
anesthetized rats, a single injection of Aβ (25 pmol) into the hippocampal dentate gyrus 
affected dentate gyrus LTP 1 h after the injection, but not 4 h after the injection. 
Simultaneously, 1 h-memory of object recognition of rats was affected when the training was 
performed 1 h after the injection, but not 4 h after the injection. Aβ-mediated impairments of 
LTP and memory were rescued in the presence of extracellular and intracellular zinc chelators. 
Aβ-mediated impairment of LTP was exacerbated by co-injection of Aβ with Zn2+ but not 
with Cu2+. These results suggest that extracellular Zn2+ is involved in Aβ action. When Aβ 
was injected into the dentate gyrus, intracellular Zn2+ levels were increased only in the 
injected area in the dentate gyrus, suggesting that Aβ induces the influx of Zn2+ into cells in 
the injected area. When Aβ was added to rat hippocampal slices, Aβ did not increase 
intracellular Zn2+ levels in the dentate granule cell layer in artificial cerebrospinal fluid 
(ACSF) without Zn2+, but in ACSF containing Zn2+. The increase in intracellular Zn2+ levels 
was inhibited in the presence of CaEDTA, an extracellular zinc chelator, but not in the 
presence of CNQX, an AMPA receptor antagonist. The present study indicates that 
Aβ-mediated Zn2+ influx into dentate granule cells, which may occur without AMPA receptor 
activation, transiently induces a short-term cognitive deficit. Extracellular Zn2+ may play a 
key role for transiently Aβ-induced cognition deficits [1]. 
 
1. A. Takeda, H. Tamano et al., PLoS One 2014, 9:e115923.   
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Regulation of synaptic Zn2+ signaling in the hippocampus 
is critical for cognitive function 
 
Atsushi TAKEDA, Haruna TAMONO, and Miki SUZUKI 
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University of Shizuoka, 52- 1 Yada, Suruga-ku, Shizuoka 422-8526 
 

   The hippocampus plays an important role in learning and memory, which are linked to 
strengthening of synaptic connections between neurons, i.e., synaptic plasticity, within the 
dentate gyrus–CA3–CA1 trisynaptic circuits of the hippocampus. The trisynaptic circuits are 
glutamatergic. A subclass of glutamatergic neurons is zincergic and releases Zn2+. The influx 
of extracellular Zn2+ into CA1 pyramidal cells, which is increased by Zn2+ release from the 
Schaffer collateral/commissural pathway, is required for in vitro CA1 LTP. Furthermore, the 
increase in extracellular Zn2+ (1-5 µM) potentiates in vitro CA1 LTP. The involvement of 
synaptic Zn2+ in LTP has been generally examined in hippocampal slices immersed with 
agents such as zinc chelators. In the present study, in vivo CA1 LTP was induced with a 
recording electrode attached to a microdialysis probe and the recording region was locally 
perfused with artificial cerebrospinal fluid (ACSF). In vivo CA1 LTP was inhibited under 
perfusion with CaEDTA and ZnAF-2DA, extracellular and intracellular Zn2+ chelators, 
respectively, suggesting that the influx of extracellular Zn2+ is required for in vivo CA1 LTP. 
When object recognition memory test was performed 1 h after local injection of ZnAF-2DA 
into the CA1, when intracellular Zn2+ increased during training seemed to be chelated with 
intracellular ZnAF-2 in the CA1, object recognition was affected. These data suggest that 
intracellular Zn2+ signaling in the CA1 is required for object recognition memory via CA1 
LTP. Surprisingly, in vivo CA1 LTP was inhibited under perfusion with 0.1-1 µM ZnCl2, 
unlike the case of in vitro CA1 LTP. The influx of extracellular Zn2+ into CA1 pyramidal cells 
has bidirectional action in the in vivo CA1 LTP. The extent of extracellular Zn2+ influx in the 
CA1 is critical for cognitive performance via CA1 LTP. On the other hand, we have reported 
that intracellular Zn2+ signaling in dentate granule cells is required for object recognition via 
dentate gyrus LTP and that extracellular Zn2+ signaling is nonessential for the LTP. However, 
it is possible that extracellular Zn2+ is involved in synaptic dysfunctions, because the influx of 
Zn2+ into postsynaptic neurons is likely to occur even during non-zincergic synapse excitation. 
We report that excess influx of Zn2+ into dentate granule cells via AMPA receptor activation 
affects object recognition via attenuated LTP. Even in the dentate gyrus where is scarcely 
innervated by zincergic neurons, extracellular Zn2+ homeostasis is critical for cognition. 
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Carnosine and Anserine  
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2Faculty of Pharmaceutical Sciences, Musashino University, Tokyo 
202-8585.  
 

   Carnosine (β-alanyl histidine) is an endogenous dipeptide abundantly present in the 
muscles and in the brain. It is suggested that carnosine in the muscle has the anti-fatigue 
activity by buffering pH balances. It is widely recognized that carnosine has various 
beneficial characteristics such as anti-oxidant activity, anti-crosslinking activity, 
anti-glycation activity etc. We have previously reported that carnosine protected cultured 
neuronal cells from Zn2+-induced neurotoxicity and from prion protein-induced neurotoxicity. 
Here, we investigated the molecular mechanism of neuroprotective activity by carnosine and 
its analogue, anserine (1-methyl carnosine). Both of carnosine and anserine attenuated 
Zn2+-induced neurotoxicity on GT1-7 cells (immortalized hypothalamic neurons) in a 
dose-dependent manner. Histidine also attenuated the neurotoxicity, but β-alanine did not. 
Carnosine and anserine have the ability to chelate Zn2+ and other metals, however, both did 
not influence the increase of intracellular Zn2+ levels after the exposure to Zn, which was 
measured using a Metallo Assay. We have already revealed that Zn caused expressions of 
various genes including metallothionein 1 (MT-1), zinc transporter 1 (ZnT-1), GADD 34, the 
endoplasmic reticulum (ER) stress-sensor protein, and Arc (the activity-regulated cytoskeletal 
protein). Our results using RT-PCR and immunoblotting revealed that carnosine did not 
inhibit Zn-induced expressions of MT-1 or ZnT-1, but significantly inhibited the expressions 
of GADD34 and Arc.  Accordingly, carnosine and anserine protected against neurotoxicity 
induced by two different inducers of the ER-stress (thapsigargin and tunicamycin). Other 
metals such as Cu2+, Mn2+, Cd2+ also cause death of GT1-7 cells. However, carnosine did not 
attenuate the neurotoxicity induced by these metals. Therefore, carnosine and anserine 
protected against Zn-induced neurotoxicity not by preventing the increase in intracellular Zn2+ 
but by participating in the regulation of the ER-stress pathway and Arc. We have developed a 
convenient system for the quantitative analysis of carnosine and its analogues using HPLC 
equipped with the carbon column. Al considerable amount of carnosine exists in the olfactory 
bulbs in the rat brain compared to other regions such as cerebral cortex or cerebellum. We 
could detect homocarnosine, but not anserine in the brain. The content of carnosine in the 
olfactory bulbs was increased during the development. Considering the possibilities of 
carnosine as neuroprotective agents, we analyzed the content of carnosine in various foods 
such as meats of pigs, chickens, horses. Our results may aid for the development of 
neurodegenerative diseases using carnosine. 
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