
*,��$&(+�'����� 8

>-./
��A@BA�����0A8

5%�"��?8

[YZ]��_�����8

8

2!PTGSQ_1�68

8

8

8

8

8

[YZ^�\�Z\�W	X8

��)��#3FRUOI8

�47 =<:9:_=<:9;8

8

��)�LM_NCEHCDUI(+JUKV8



1

3573 :

- 0

 
   

l 2

l o S

l o S 2

  

l 	 o . -.

l 	  

       

l 	 yt S 2 o

l 	 2 2 S

 
   :

  



:

P1. DNAS  

       

P2. r DNA

 

     

P3. 5 S 2  

  

P4. S S  

  

P5. r  

    

P6. S 2 x  

    

P7. 4 Sp1 x r d

 

      

P8. SELEX Sp1 DNA  

  

P9. PARP-1 ADP 4 p-p 4

4 th  

 

 

P10. ZIF268 x x l

 

  

P11. Sp1 x 4 r

4 l t  

  

P12. lr Sortase A lr 4

 

  

 



P13. c t DNA

4  

    

P14. GAGA x l

4  

  

P15. GAGA x  

       

P16.  

  

P17. l lr/yt r  

       

P18. pH o  

  

P19. S  

  

P20. PYP s  

  

P21.  

  

P22.  

  

P23. e x  

  

P24. - - 

  

P25.  

  

P26.  

  

P27. - - 

  

 



P28. x  

  

P29. / /  

  

P30. l l DNA

 

  

 

  



o op x

Ye H

 

 
2 4  - -

x

E-mail address: yurano@mail.doshisha.ac.jp

s x 0 D CD5 7 A7 0 - c

u x YS n

o f U R

dY 0 - 5 7 A7 D CD 4 7

S R Li 0 - f

R

d c 0 03 3 aL 0 -

rx t 75 A : U

Rha 45D 5 7 A7 45D A 4 7 4 7 1

a ipx SY 0 - U SY c

r y a h aU S Y

d a SY a SY l a

0 - px S SY 1

Y l o

- a px SY 0 - px S

h aSY R Y 0 - U

SY h c P S 0 - px

U U h Y a a i

SY l 0 - c a

R 1 a i h R

SY x xa SY l 7

A7: 7 7 2 R Y dY 1 a

i 2 R Y h 0 - px a x

x T h Y h 1 a ipx

R Y 0 - S U

x x U O R h Y

 



 

 
 

E-mail address: dyamamot@mail.doshisha.ac.jp

1 2 1

1

7

1

1 2

7

7

7

7

1 7

 (Nanoscale, 7, 13186, 2015)  

1

1 7 2

1 0

7 7 Fig.1 7

2  

� 1� ������	�������������
����� 

 



(

 

 
 

E-mail:nhigashi@mail.doshisha.ac.jp

1 7

2 LCST UCST 
2

2 0 7 0 ATRP 
7 7

7 ABA
7

(TT = 18 °C) 
A
TT =77 °C) B

(1n,m) ATRP
7 (Fig. 1a)

Fig. 1c
(5°C) 1

18°C 1 7 LCST
7

LCST 7

LCST
1 1

LCST 7 7

0

7 1

AFM
TEM , (DLS) 
Fig. 1b

1

~5°C 0

30 ~ 60°C
1

7

A 1 7 7

7  

 
Fig. 1. (a) Molecular structure of triblock 
copolymer (1n,m). (b) Plausible model for 
the thermo-responsive transitions of 1. (c) 
Temperature dependence of the turbidity 
at 600 nm for 153,240 in water.  
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Figure 1. Chemical 
Structure of Hbcamide 

Figure 2.  Chemical 
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Figure 3.  Chemical 
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Figure 1. Plausible reaction of MnIII(dpaq) with H2O2 
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Figure 1.  Removal of CO in mitochondria using R8-hemoCD.
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Fig. 1 Conceptual scheme for the one-step synthesis of 
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Fig.1. Photocycle of PYP.  
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Figure 2 Chemical Structure of 2 

 
Figure 3 Confocal microscopic images of BODIPY-modified dicopper 

complex (5 µM). (A) Bright field transmission image of HeLa cells. 

(B) Fluorescence image of HeLa cells. (C) Merged image of A and B. 

Images were taken with a fluorescence microscope equipped with 

FITC filters. Scale bar are 20 µm. 

   
Figure 1 Structure of Hbdpamide 
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Figure 1. Construction of a reaction space surrounded by benzene rings. 
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Figure 1. (a) Chemical structure of a multiblock hybrid 
polymer composed of alternating aligned tetraleucine and 
thermo-responsive Gly-derived vinyl polymer. (b) Schematic 
illustration of the folding process to from single-chain 
nanoparticles via intramolecular cross-links among the 
peptide multiblocks. (c) Tapping-mode AFM image of the 
folded hybrid polymer on mica; scale bar = 200 nm.  
[Polymer] = 0.05 wt%. 
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Figure 1. Chemical Structure of four-armed 
thermo-responsive hybrid polymer (a) and its 
schematic model for fluorescence emission 
mechanism (b).  
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Fig.1 (a) Side view and (b) top view of the experimental 
setup. 

Fig.3 The relationship between the net electric field 
and the frequency of the oscillation motion with the 
coil particles carbonized at 300 °C. 

Fig.4 Flow induced by the differences of 
electrodes position. 

Fig.2 Oscillation motion of a carbonized coil: (a) 
Snap shots for one period, (b) time change of the 
distance between the coil and the cathode tip. 
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Fig. 2 Real-time monitoring of single T4 GT7 DNA molecules in bulk solution at 

various concentrations of SP : (a) 0 µM, (b) 35 µM. The time interval between 

successive images is 0.5 s. 

 

 

 

 

 

 

 
 

Fig.3 AFM images of T4 GT7 DNA (166 kbp) with polyamines: (a) SP 10 µM; (b) 

BSP 30 µM. The DNA concentration is 0.2 µM in nucleotide units. 
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Chemo-Enzymatic Catalysts made from surface 
functionalized laccases 

 
Thierry Tron� 

Aix Marseille University, Marseille, France 
E-mail: thierry.tron@univ-amu.fr 

 

 

Laccases are well known biocatalysts with great robustness, high oxidation power and 
substrate versatility.[1] Their unique set of copper centres - a near-surface located mononuclear 
type 1 and an embedded tri-nuclear cluster (TNC) made of a type 2 and a binuclear type 3 - 
couple the oxidation of substrates (organic or metal ions) to dioxygen reduction.[2] We shape 
new catalysts based on oriented functionalizations of a laccase surface with different “plug-
ins”.�From our initial demonstrations on bi-molecular systems - a sensitizer/laccase system 
coupling the light driven four-electron reduction of dioxygen to water[3] to the photo-oxidation 
of styrene[4] or a Pd(II)/ laccase system competent for the aerobic oxidation of alcohol in mild 
conditions[5] - we will present our latest architectures based on the oriented grafting of the 
enzyme surface.[6 ,7] Prospects on olefin oxidation catalysts and laccase functionalized 
electrode materials will be discussed. 
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1-aminocyclopromane-1-carboxylic acid Oxidase (ACC Oxidase or ACCO) is a non-heme iron(II) 
containing enzyme that catalyzes the last step of production of ethylene in plants, a 
phytohormone controlling many physiological and development processes.[1,2] The reaction 
catalyzed by ACCO is presented in Figure 1. In the crystallographic structure of ACCO from P. 
hybrida, the C-terminal part, that is essential to the activity, is found directed away from the 
active site.[3] This probably does not represent an active conformation of the enzyme and this 
raises questions on the active conformation and on a possible dynamics of the C-terminal part. 
 

 
Figure 1. Structure and reaction catalyzed by ACCO 

 
Thanks to an interdisciplinary approach we aim at getting more information on this enzymatic 
system via the preparation of model complexes, the understanding of the interactions 
between the active site and the different substrates and the conformation and dynamics of 
the C-terminal part.[4] 
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Biochem. Biophys., 623-624, 34 e) Fournier, E. et. al. submitted 
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The catalytic efficiency and high selectivities achieved by natural metalloenzymes are a 

source of inspiration for the design of novel bio inspired catalysts. A powerful approach for 

creating artificial metalloenzymes involves incorporating a synthetic transition metal catalysts 

into a protein. We have developed a new concept for the design of artificial metalloenzymes 

that involves creation of a novel active site at the dimer interface of the transcription factor 

LmrR (Lactococcal multidrug resistance Regulator).1 LmrR was selected as the protein 

scaffold because it contains an unusual large hydrophobic pocket  on the dimer interface.  

Here, two novel classes of LmrR-based artificial metalloenzymes will be presented, involving 

either supramolecular anchoring of the metal complex2,3 or biosynthetic incorporation of an 

unnatural metal binding amino acid using expanded genetic code methodology.4 These 

artificial metalloenzymes have been applied successfully in catalytic asymmetric C-C bond 

forming and hydration reactions. Here we will discuss our recent in the evolution and in vivo 

application of these artificial metalloenzymes. 

 
Figure Structure of an LmrR-based artificial metalloenzyme 
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Alonso-Cotchico, L.; Gutiérrez de Souza, C.; Lledós, A.; Maréchal, J.-D.; Thunnissen,  A. 

W.H.; Roelfes, G. Angew. Chem. Int. Ed., 2018, 57, 7785. (4) Drienovská, I.; Rioz-Martínez, 

A.; Draksharapu, A.; Roelfes, G. Chem. Sci., 2015, 6, 770. 
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NIR responsive Fluorescent paradigms for Specific Manipulation of Cellular Functions and 

Precise Profiling of Pathological Dynamics 

B. G Xing 
Division of Chemistry & Biological Chemistry, School of Physical & Mathematical Science, 
Nanyang Technological University, Singapore 637371 
E-mail: bengang@ntu.edu.sg 
 

In principle, optical imaging including fluorescent and bioluminescent imaging enables such rapid, 
direct and sensitive visualization, mainly due to their high sensitivity, relative safety, and easily handling, 
and therefore have become robust and reliable tools in monitoring of subcellular protein dynamics and 
analysis of tumors or pathogen–host interactions in vitro, in vivo and even in pre-clinical practice. The 
systematic imaging investigation of biomolecules activities including enzymes or proteins etc in a 
complicated environment may offer great possibility for the in-depth understanding of the biological 
basis conferring diseases status, and importantly, for the facilitating of new theranostics in vitro and in 

vivo. In our group, a series of simple and specific small molecules or nano-structure based optical 
imaging probes have been extensively established to real-time visualize cellular function and activities 
[1-2], importantly, the intrinsic mechanisms to involve in potent drug activities and relevant pathways 
to initiate physiological and pathological procession have also been well investigated [3-4]. 
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Proteins labeling in live cells can provide valuable tools for deciphering their structure 

and functions. In addition to genetically modified proteins, naturally occurring 

(endogenous) proteins should be targeted in chemical biology. Here I would like to 

briefly describe a chemical strategy for labeling and imaging of endogenous receptor 

proteins, termed ligand-directed chemistry (LD-chem). LD-chem is driven by proximity 

effect, which enables to chemically modify endogenous proteins such Carbonic 

anhydrase, FKBP12, Hsp90, 

folate receptor, and Glutamate 

receptors in live cells. This 

labeling method allows for 

live-cell imaging of these 

proteins, construction of 

biosensors, fucntional 

inhibitions under natural habitats.  
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Heme oxygenase enzymes, which exist in constitutive (HO-2) and stress-inducible (HO-1) 
isoforms, catalyze the degradation of heme to carbon monoxide (CO) and biliverdin [1]. CO 
serves as a ubiquitous signaling molecule that has also been shown to possess vasodilatory, 
anti-ischemic and anti-inflammatory properties [1]. From a mere biochemical view point, CO 
selectively binds with high affinity to transition metals in a specific redox state leading to the 
formation of stable metal carbonyl complexes. Based on this peculiar feature, we have 
designed and developed metal carbonyls that function as CO-releasing molecules (CO-RMs) 
and may have unique therapeutic potentials. Substantial data from our group revealed that 
CO-RMs mimic the action of endogenous CO by exerting a variety of protective and 
beneficial effects both in vitro and in animal models of disease [1,2,3]. In the last 5 years we 
have focussed our research on CORM-401, a water-soluble manganese-based carbonyl that 
has the ability to deliver CO efficiently to cells as well as to tissues when orally administered 
in vivo [4,5]. Our studies provide evidence for the anti-inflammatory effects of CORM-401 in 
mice challenged with lipopolysaccharide and highlight an important role of CO in 
counteracting insulin resistance in high fat diet-induced obesity through mechanisms 
involving the modulation of mitochondria bioenergetics [5,6,7]. More recently, we have 
successfully conjugated CORM-401 to fumaric ester derivatives known to activate Nrf2, the 
transcription factor that regulates the expression of HO-1. This resulted in the synthesis of a 
new class of pharmacologically active hybrid compounds, termed HYCOs, which are able to 
release CO and simultaneously induce HO-1 in tissues [5]. Thus, the promising data 
obtained so far with CORM-401 and HYCOs exemplify the feasibility of exploiting the HO-
1/CO pathway in the discovery of novel compounds for treatment of disorders as diverse as 
organ ischemia-reperfusion injury, inflammation and metabolic dysfunction. 

References 
[1] R. Motterlini, R. Foresti, Antioxidant & Redox Signaling, 20, 1810 (2014) 
[2] R. Motterlini, L.E. Otterbein, Nature Reviews Drug Discovery, 9, 728 (2010) 
[3] R. Motterlini, R. Foresti, American Journal of Physiology, 312, C302 (2017) 
[4] S. Crook et al., Dalton Transactions, 40, 4230 (2011) 
[5] R. Motterlini et al., Redox Biology, 20, 334 (2019) 
[6] L. Braud et al., JCI Insight, 3, e123485 (2018) 
[7] J.L. Wilson et al., Free Radical Biology & Medicine, 104, 311 (2017) 
  



 

1 
 

Bioinorganic Cu-complexes: redox activity, stability and metal 
transfer 
Peter Faller  

Institut de Chimie, UMR 7177, CNRS-Université de Strasbourg, 4 rue Blaise Pascal, 67000, 
Strasbourg, France  email: pfaller@unistra.fr 

 
ABSTRACT: Cu-metabolism is very well controlled in biological systems. Transporters and 
chaperons are responsible to bring the Cu to their target, mostly Cu-enzymes. However, Cu could 
bind to off-target molecules in case of failure of Cu-homeostasis, or upon Cu-overload.  Cu 
bound to off-target biomolecules could be toxic, often due to uncontrolled catalysis of reactive 
oxygen species (ROS) production. This has been proposed for the peptide amyloid-beta and 
alpha-synuclein, two proteins that play a key role in Alzheimer’s and Parkinson’s disease, 
respectively. 
Cu-complexes are also under investigation as potential drugs, like in cancer or as antimicrobials. 
We are interested in the question of the reactivity of Cu-protein/peptide and -drugs, in particular 
their redox activity and the production of reactive oxygen species. Moreover, we investigate which 
endogenous biomolecules could bind off-target Cu or interact with exogenous Cu-complexes, and 
if they are able to shuttle these Cu back into the normal Cu circuit. 
Glutathione (GSH) and metallothioneins (MT) are known reducing agents and metal chelators, 
both occurring at quite high concentration in the cytosol and nucleus. Mammalian MTs classically 
bind up to 7 Zn(II) in two clusters. MTs have also a strong affinity for Cu(I) and can bind up to 12 
Cu(I)-ions. Thus they are potentially very active disruptors of Cu(II)-complexes due to their strong 
reducing and Cu(I)-binding activity.  
We show that MTs together with GSH are very potent disruptors of Cu(II)-complexes (endo- or 
exogenous) and strong competitors for Cu(I)-compounds. Thus MT and GSH can inactivate 
rapidly inorganic Cu(II)-complexes (like investigated for cancer therapy) and Cu(II)-peptides (e.g. 
used for artificial nucleases or peptidases), mainly by reducing Cu(II) to Cu(I) and withdrawal of 
the Cu(I).  
 
KEY WORDS: Copper-transfer reactions, Copper-binding peptides, Cu-drugs, thiolates, 
metallothionein 
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Why is 2-propanol adapted for the isolation of DNA? 
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Nowadays, structural characterization of genomic DNA is one of the most important trends 
in medicine, biology and agricultural sciences. The indispensable procedure for the analysis of 
DNA in living cells is to isolate DNA molecules as precipitates from the crude mixture in rich 
variety of cellular components. According to the standard experimental protocol in molecular 
biology and medicinal chemistry, usage of 2-propanol is recommended, seemingly without any 
reasonable physic-chemical explanation why 2-propanol is desirable. In the present study, we 
have measured the change of the higher-order structure of genomic DNA molecules in the 
presence of alcohols by use of single DNA observation with fluorescence microscopy, by 
focusing our attention to unveil the different effect between 1-propanol and 2-propanol. 

We found that, with an increasing concentration of 1-propanol, DNA exhibits reentrant 
conformational transitions from an elongated coil to a folded globule, and then to an unfolded 
state. On the other hand, with 2-propanol, DNA exhibits monotonous shrinkage into a compact 
state. Thus, DNA molecules are more effectively condensed/precipitated with 2-propanol than 
with 1-propanol. These results indicate that DNA undergoes reentrant transition of 
coil-globule-coil with 1-propanol, whereas such reentrance phenomenon does not appear with 
2-propanol. As a related phenomenon, we have recently reported that ethanol causes reentrant 
transition on DNA accompanied by the increase of its concentration.1 The propanol isomers also 
had different effects on the changes in the secondary structure of DNA, as revealed by circular 
dichroism (CD) measurements. With 1-propanol, DNA maintains a B-form secondary structure. 
An A-like conformation appears with the addition of 2-propanol. 
 
[1] Y. Oda, et al., "Highly Concentrated Ethanol Solution Behaves as a Good Solvent for DNA as Revealed by 

Single-Molecule Observation", ChemPhysChem, 17, 471(2016). 

 



An aqueous biomimetic model of myoglobin with a distal polar functionality�
�

Qiyue Mao,
 1 Bernard Boitrel, 

2 Hiroaki Kitagish�1�
1
Department of Molecular Chemistry and Biochemistry, Faculty of Science and Engineering, 

Doshisha University, Kyotanabe, Kyoto 610-0321, Japan  
2
Institut des Sciences Chimiques de Rennes (UMR 6226 CNRS), Université de Rennes 1, France �
�
�Myoglobin (Mb) reversibly binds oxygen (O2) in aqueous solution. Modeling the function of 
myoglobin (Mb) has been actively carried out since the 1970s. Both proximal histidine residue 
(His F8) and distal histidine residue (His E7) assume a key role between the dioxygen (O2) and 
carbon monoxide (CO) selectivity at the active side of Myoglobin (Mb) and Hemoglobin (Hb). 
In our previous studies, the supramolecular iron porphyrin/cyclodextrin dimer complexes 
(hemoCDs) which were composed by 5,10,15,20-tetrakis(4-sulfonatophenyl)porphyrin iron(II) 

(FeIITPPS) and a per-O-methylated b-cyclodextrin dimer having a pyridine linker binds O2 and 
CO reversibly in aqueous solution have been reported. 1,2 In the proximal site, a pyridine ligand 
coordinates to the central iron atom. However, the hemoCDs don’t have a distal side like the 
native Mb. To improve the hemoCD more closely to the native system, we synthesized a new 
hemoCD (1) with a polar functional group: carboxylic acid hanging over the distal site. The 
properties of the O2 and CO complexes was examined by kinetic and spectroscopic (UV-vis, IR). 
It is shown that, the O2 complex of 1 was quite stable in aqueous solution. The CO affinity of 1 
is significantly lower than the hemoCDs that we have reported. Because of the low CO affinity, 
the complex 1 shows high O2 selectivity. Obviously, The CO/O2 selectivity (M value) of 1 is 
greatly improved. 

�
�
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Transition between cracking and peeling in drying aqueous 

layer of co-solutes with starch and glucose 
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Hikari Baba 
 

It is well known that drying liquid layer produces rich variety of patterns in a 
spontaneous manner; e.g., cracking on two dimensional layer, etc. Here, we will report 
our observation that the transition of the spatial pattern is generated between cracking 
on a drying layer and peeling accompanied with the formation of thin film. We have 
adapted the mixing aqueous solution between glucose and starch and have observed 
the drying process. Figure 1 exemplifies the transition of the drying pattern, where the 
relative ratio of glucose, α, between glucose and starch is adapted as the control 
parameter. We will interpret the mechanism of such transition in terms of the effect of 
negative diffusion through phase-transition, with the help of phenomenological nonlinear 
partial differential equation. 

 

 
Figure 1 Phase diagram when changing the mixing ratio of glucose and starch. α is 

the fraction of glucose with respect to the total amount of glucose and starch. 
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Development of Dicopper Complexes Accelerating Oxidative Cleavage of DNA with Hydrogen 

Peroxide and their Cytotoxicity 
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Yuki Kadoya, Machi Hata, Yoshiki Tanaka, Yutaka Hitomi, Masahito Kodera 

 

Cisplatin, oxaliplatin, and related platinum complexes are used as chemotherapeutic drugs 

against various types of cancers. These drugs, however, are accompanied with serious side-effects 

because they attack not only normal but also cancerous cells nonselectively. So, we aimed at 

developing anti-cancer drugs that cleave DNA under specific environments of cancer cells such as low 

pH, hypoxia, high H2O2 concentration, and low nutrition. Previously, we reported a dicopper(II) 

complex, [Cu2(µ-OH)(bcmp)](ClO4)2, that enhances hydrolytic DNA cleavage at relatively low pH 5–

6.1) This complex, however, did not show any ability to cleave DNA with H2O2. In this study, we newly 

synthesized dicopper(II) complexes that specifically enhances the oxidative DNA cleavage activity 

and show cytotoxicity. 

 We synthesized new p-cresol-derived amide-tether ligands, Hbcamide and Hbdpamide, 

where two units of cyclen (1,4,7,10-tetraazacyclododecane) or dpa (dipyridylmethylamine) are 

attached at 2,6-positions of p-cresol by amide-tethers, respectively. These ligands form dicopper(II) 

complexes [Cu2(µ-OH)(bcamide)](ClO4)2 (1) and [Cu2(µ-OAc)2(bdpamide)](OAc) (2). They showed 

high oxidative DNA cleavage activity and cytotoxicity against HeLa cells where 2 is more effective 

than 1. The relatively high ability of 2 may be due to the difference of the membrane permeability 

because 2 is much more hydrophobic than 1. Here, we report the oxidative DNA cleavage activity and 

cytotoxicity of 1 and 2. 
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Solvation dynamics in a heterogeneous environment of ionic liquids  
viewed from the photodissociation of aminodisulfide 
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Ionic liquids (ILs) have been attracted in a 

variety of fields because of their unique 
physicochemical properties. We have focused on 
the heterogeneous structure of ILs, which is one 
of the unique properties of ILs as a reaction 
media. There has been a lot of studies on the 
heterogeneous structure of ILs viewed from the 
dynamics of solute molecule measured by the 
NMR spectroscopy[1] and time-resolved laser 
spectroscopy. Here we focused on the solvation 
dynamics of ILs related to the structural 
dynamics triggered by the change of local 
polarity or charge distribution. As a solute 
molecule, we used bis(p-aminophenyl) disulfide 
(BPADS) which undergoes photolysis by 
radiating UV pulse and generate radical species[2] (see 
Fig. 1). Since it shows a dramatical change in the dipole 
moment by the photolysis, the surrounding solvent 
should reorient to stabilize the radical species. To 
capture how cation and anion in ILs respond to the large 
polarity change in the solution, we monitored the time-
resolved absorption and emission spectrum after the 
photodissociation. We used several phosphonium ILs as 
a solvent that have various alkyl chain length. All ILs 
were dried in a vacuum at 65 ℃ overnight before use.  

 Fig. 2 is the evolution of absorption spectrum after 
the photolysis of BPADS in P2225

+NTf2
- (structure is 

shown in Fig. 3). The band around 17000 cm-1 is due to 
the radical absorption, and it shifts to the low energy 
(red-shift) with time. Given that the photodissociation 
is accompanied by a large increase in the dipole 
moment, the red-shift could be due to the solvent 
reorganization of ILs. To extract the time profiles of 
ΔOD in ILs, the spectrum at each delay times was fit to 
a log-normal function. Fig. 3 represents the time profile 
of peak intensity of the absorption spectrum after the 
photodissociation in P2225

+NTf2
-. For comparison, time 

profile in THF is also shown in Fig. 3. Concentration of 
ATP radical in ILs shows a decay with three different time constants, while the concentration in 
THF does not show a decay. This is because the solvent cage effect2) in ILs caused by the viscous 
environment around the pair of radicals. Interestingly, comparing the results in ILs with different 
cation species, the yield of the cage escape is independent of the alkyl chains, which means the 
solvent cage effect in ILs have no relation with the viscosity. We currently work on the theoretical 
background supporting these results, and it will be presented at the conference.  
[1] J. Phys. Chem. B, 119, 15493−15501 (2015) [2) J. Phys. Chem., 100, 19417-19424, (1996) 

�
Fig. 2 Transient absorption spectrum of 

ATP radical in P2225+NTf2- 

 
Fig. 3 Time profile of the peak intensity 

in P2225+NTf2- ,P8881+NTf2- and THF.�

�
Fig. 1 Spectral shift in the absorption spectrum with 

the photodissosiaion of aminophenyldisulfide 



Effect of a hydrated ionic liquid on the photo-cycle and dynamics of 
photoactive yellow protein 
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Many recent works show that ionic liquids (ILs) can be 
biocompatible solvents. For instance, hydrate choline 
diphosphate (Hy[ch][dhp]) dissolves proteins well and also 
maintains their activities for a long period[1]. To elucidate the 
effect of Hy[ch][dhp] towards protein conformation, we have 
investigated the difference in photocycle reaction of 
Photoactive Yellow Protein (PYP) between under buffer 
solution and 30wt% Hy[ch][dhp]. PYP is known as a blue light 
photosensor protein. When PYP is irradiated by the blue light, photocycle reaction is triggered as 
shown in Fig. 1. As is indicated by a previous paper, the α-helix in N-Terminal region changes its 
conformation during the photocyclic reaction from pR to pB[2].  

We have investigated the secondary structure change of PYP by addition of [ch][dhp] to buffer 
solution by circular dichroism spectra. We found that the 
structure of pG (ground state of PYP) changed depending on 
the concentration of Hy[ch][dhp]. By adding to [dh][dhp] to 
buffer solution, at first the intensity of CD spectrum at the a-
helix wavelength decreases, suggesting the denaturation of the 
structure. Interestingly, in 30 wt% Hy[ch][dhp] however, CD 
intensity recovered to the original intensity, suggesting that 
pG has the same amount of secondary structure that in buffer 
solution. Therefore, in this presentation, we focused on the 
dynamics of PYP in 30 wt% Hy[ch][dhp]. To monitor the 
conformational change of PYP, we used transient grating 
spectroscopy (TG). By using TG method, a diffusion 
coefficient (D) of reactive intermediate with short lifetime can 
be measured. A typical TG signal of PYP in buffer solution is 
shown in Fig. 2 (a). It has three growth-decay curves. The first 
one represents a thermal grating, second one represents the 
absorption spectrum change between pR2 to pB, and last one 
represents the diffusion of pG and pB. The last curve arises due to the difference of the diffusion 
coefficients between pB and pG derives from the conformation change of α-helix as mentioned 
above. In comparison with this, the TG signal in 30 wt% Hy[ch][dhp] have only two growth-
decay curves (Fig. 2 (b)). At the lecture, the difference of D-values in 30 wt% Hy[ch][dhp] are 
mainly discussed and the effect of Hy[ch][dhp] on the conformation of PYP is presented. 
[1] K. Fujita, D. R. MacFarlane, M. Forsyth, Chem. Commun. 4804 (2005).  
[2] Y. Hoshihara, Y. Imamoto, M.Kataoka, F. Tokunaga, M. Terazima, Biophys. J. 94(6), 2187 (2008). 
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Under usual condition, burning candle shows stationary combustion. Interestingly, 

Kitahata discovered that multiple candles exhibit regular rhythmic burning when they are 

combined in a parallel arrangement. We will report the occurrence of rhythmic combustion 

with a single candle, when it is situated in a cup as in Fig.1. Fig. 2 shows the spatio-temporal 

diagram on the combustion of a single candle in a cup, as in the system of Fig. 1. The results 

on fast Fourier transform have indicated that the fundamental frequency of the combustion 

was around 10 Hz in Fig. 3. 

We will report the cascade of bifurcation “Stationary – Rhythmic – Multi-rhythm - 

Chaos” by taking the position of the candle in a cup as the control parameter. 

 

Fig. 2 Time-Space plot of Oscillation state 

 
Fig. 1 Candle in cup 

(Experimental Setup) Fig. 3 Power spectrum on the data of Fig.2. 

Fig. 4 Cascade of bifurcation of the burning frame caused by the change of the 

height of the head of candle. 


