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“Linear response theory of structural changes upon ligand binding”
10:35 - 11:35 S6 Alexander S. Mikhailov Fritz-Harber-Institut, Germany
“Relaxation Phenomena in Complex Elastic Networks and Design Principles of
Molecular Machines”
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12:50 - 13:40 S7 “ A novel experimental approach for elucidating morphological change of
proteins in solution by NMR spectroscopy”
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Hirata ( ): Structure and characterization of enone reductases from Nicotiana tabacum
( ): Large scale dynamics of elastic systems with atomistic

resolution

H. Mizuno?, S. Izumit, T. Yamazaki?, S. Kominami?, T. Hirata! (1 2

): A mass spectrometry study on the topology of cytochrome P450 17a and P450-redox
partners complex by using cross-linker
A. Nakagawa, A. Sakamoto, M. Takahashi and H. Morikawa ( ): Characterization
of transgenic Arabidopsis plants with suppressed expression of xanthine dehydrogenase by RNAI.
S. E. H. Adam, M. Takahashi, A. Sakamoto, H. Morikawa ( ): Atmospheric

nitrogen dioxide (NO,) modulates the growth of vegetables.
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( ): DNA
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( ): Study on molecular mechanisms of germ cell development in sea urchin
T. Miyaji, A. Tero, I. Ohnishi ( ): Applied analysis to adaptive transport network of

Plasmodium slime mold
K. Ebisu and I. Ohnishi ( ): Mathematical analysis of a simple model of circadian

rhythm of Arabidopsis thaliana
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( ): Functionality of hard machines and (biological) soft
machines:Energy transductions by coupled deformable gears
( ): Hydrogen / Deuterium Exchange Studies of Deletion Mutants at a
Flexible Loop of Dihydrofolate Reductase by ESI-MS Spectrometry
( ): Structure and function of dihydrofolate reductase from deep-sea

bacteria
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Linear response theory of structural changes upon ligand binding
Akinori Kidera
Yokohama City University, Yokohama 230-0045, JAPAN

In principle, protein function can be described as,
“A series of structure changes and accompanying chemical reactions initiated as a
response to the external perturbation such as ligand binding”

Based on this definition of protein function, we present two topics on protein dynamics.

(1) Linear Response Theory

For the description of the response of a protein molecule, the linear response theory is the
most fundamental and useful scheme. By regarding ligand binding as an external perturbation,
the structural change as a response can be described by the atomic fluctuations in the ligand-free
form as well as the protein-ligand interactions, with the following formula of the linear response

theory,
(Ar), = Y (ArAr)) 1,
J

where <Ar> is the expectation of the coordinate shift of atom 7, <Ar; Ar> is the variance-
covariance matrix of the atomic fluctuations in the ligand-free state, and f; is the external force
acting on atom j. The predictions for several protein systems of various sizes are consistent with
the observations in the crystal structures, confirming the validity of the linear relationship

between the equilibrium fluctuations and the structural change upon ligand binding.

(2) Database of Structural Changes
Plenty of experimental observations of the structural changes occurring as the response to

perturbation have been accumulated in Protein Data Bank (PDB). To look up the structural
changes exhaustively in PDB, we constructed a database of the structural changes by compiling
pairs of PDB entries having different structures. As the results, it contains more than 15,000
pairs of structures after eliminating sequence redundancy. We have obtained some preliminary
statistics from the analyses of the database;

(a) Change in the oligomerization state (monomer < oligomer) tends to causes larger

structural changes than that within the same oligomerization state
(b) Large structural changes occur mostly as the rigid body motions of structural domains
(¢) The range of structural changes appears to have some correlation with their molecular

functions classified by the EC number
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Relaxation Phenomena in Complex Elastic Networks

and Design Principles of Molecular Machines

Yuichi Togashi and Alexander S. Mikhailov
Department of Physical Chemistry,
Fritz Haber Institute of the Max Planck Society,
Faradayweg 4-6, 14195 Berlin, Germany
Email: togashi@fhi-berlin.mpg.de, mikhailov@fhi-berlin.mpg.de

Molecular machines play a fundamental role in biology and construction of similar
artificial nanodevices is a major challenge. Slow conformational motions in
proteins, essential for their functions, can be described by models of elastic
networks. We show that random elastic networks lack properties needed for
machine operation. However, special complex elastic networks with soft modes
can be constructed by evolutionary optimization. In contrast to random networks,
relaxation proceeds there along a unique attractive path in the conformational
space approached from various initial conditions. Such networks may undergo
large-scale motions without strong internal strains and behave as consisting of
rigid blocks connected by flexible joints. They respond by well-defined internal
motions to energetic perturbations and can be viewed as prototypes of molecular
machines. An example of a constructed elastic network, operating as a
stochastic cyclic machine with robust hinge motions powered by binding a ligand,
is given. Preliminary results for elastic network modeling of real proteins,

including molecular motors, shall be presented.
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A novel experimental approach for elucidating mor phological change of proteins

in solution by NM R spectr oscopy

Shin-ichi Tate*

“Department of Mathematical and Life Sciences
Graduate School of Science
Hiroshima University
" PRESTO/ JST

Protein shows large-amplitude structural change in exerting its biological function;
which includes domain re-arrangement and subunit re-organization. X-ray
crystallography has been the central tool to obtain high resolution protein structures.
In spite of the extreme high resolution of the protein crystal structures, the unwanted
structural deformation posed by crystal packing is not always negligible, particularly
in cases of the proteins comprising of multiple domains and subunits; because of the
flexible structural units linking domains and subunits, their arrangements tend to be
changed from those in solution. The structural details in domain- and/or subunit
re-arrangement are essential in exploring protein functions, but there have not been
appropriate experimental approaches for elucidating the large amplitude protein
motions, or the “morphological change” of protein structures, in atomic resolution.

To tackle with the “morphological change” of protein in solution, | have
devised a new NMR approach. This approach used anisotropic nuclear spin
interactions that become apparent when proteins are aligned to the magnetic field.
This method enables us to determine the relative orientation of domains and subunits
through determining the alignment tensor of each structural unit in solution without
practical limitation to the molecular weight. The conventional NMR structure
determination is limited to the protein whose molecular weight is less than 30kDa, but
my approach can be applied to the proteins over 900kDa.

In the presentation, | will introduce the theoretical back ground of this novel
NMR technique and the examples of its application with my research motivation to
elucidate the protein “morphologica change”.
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Length of Food Chain: Analysis of a Mathematical Model

gbooooood
gboooobooobooboobooogon

Tsutomu MATSUOKA and Hiromi SENO
Department of Mathematical and Life Sciences, Graduate School of Science
Hiroshima University, Kagamiyama 1-3-1, Higashi-hiroshima 739-8526 JAPAN

t-matsuoka@hiroshima-u.ac.jp, seno@math.sci.hiroshima-u.ac.jp

oboboobooooooooooooooooooooooooOoooobOobobOobobOobOono
gobo1i1gbooooboooooooooooobobobobooo 2b0b0b0oboobooOo 3poboboOoo
goboooobooboboooobooboboooboooobooOooboobbooobooOoooboooobooon
ooooooobooooooon:

sz m + ‘
dt’ aiNi—l,mNi,m - (51'Ni,m — Q4 1Ni,mNi+1,m (2 sism 1)
dN m
d;’ = ¢— 51N1,m a2 N1, ;mNom
dN — (i
mm — mNmf mNm m mNm m
7 = 1, , ’

Nim =N,n()0O0mO00000000000D00+000000+4+0000000¢0000000
ooo0o0000000O000¢—100000+000000000C0DODODODOOOS000¢000
gboobooooooobooooooooooooooobooobooboobobobOobOoboboboobooo
oo0ooo0o100000000obOo000bOb000b0bO goO0O0O0DO0OOO0O0OO0ODOOODOOOODODOOO
o0000000DODOOOOOODOOOOOODOOOODODOOOODOOUODDOODOOODOOODO
gooboooooooboooboooobooooboooooobooooooobooboooooDoobooooDo
goboooboooobooboooooobooboooboooboooboooooooboooboooaon
oboboooboooooooooooooobooooobOobobOOobOobOoboobobooobooooobooon
gooooooooo0oOooooooo0oooooooO0dw,, ;000000000000 DODOOd
gboooooocooooooooooooooboooooooobobobOobooboboobobooooon
gbooooOoboooooboobooooobooooooo

In ecosystem, plants produce energy by photosynthesis. Energy transfers from plants to herbivores,
and then, to carnivores through the food chain composed with trophic levels. The first and the
second trophic levels consist of plants and herbivores respectively, and the uppers do of carnivores.
We consider the possible number of trophic levels in the food chain by analyzing the above system
to govern the temporal variation of energy reserves in the food chain with m energy trophic levels.
Ni,m = Nim(t) is the energy reserve of the ¢ th trophic level. «; is the energy transfer rate from the i—
1 th trophic level to the ¢ th, §; the energy dissipation rate at the i th trophic level, and ¢ the primary
energy production rate. We assume the stationary environment such that the primary production
rate is constant and independent of variations in the energy reserve of plants and herbivores. We
show that the possible number of established trophic levels is essentially determined by ¢. We
can mathematically investigate the condition that the length of possibly established food chain is
unbounded. In a specific case when a; =~ « and §; =~ § for every ¢, the food chain always has a
finite upper bound for its length. In this case, we find that, for the possibly longest chain, the lower
trophic level has greater energy reserve than the higher has, so that the energy reserve distribution
can be regarded as a pyramid shape. For any shorter food chain, the energy reserve distribution
cannot have a pyramid shape although the even (resp. odd) levels keep such a monotonicity in terms
of the energy reserve distribution. In another specific case when «; = ozgﬁif2 and §; = 51§i71, there
exists the condition that the length of possibly established chain is unbounded. However, under the
condition, any finite chain cannot have a pyramid shape of the energy reserve distribution.
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Theoretical consideration on the existence of keystone species in a competition system:

Analysis of a mathematical model

ooooooooo
goooooooobobooooobouoooo
Satoshi KUBOTA and Hiromi SENO
Department of Mathematical and Life sciences, Graduate of Science,
Hiroshima University, Kagamiyama 1-3-1, Higashi-hiroshima 739-8526 JAPAN

obOooboobooboboboobo1l10o0ob0booobooobooboobooboooooboon
oboooooooooooo,bob0obobobobobobOobDobooooboobDooboooooon
(secondary extinction) 00000000, 0000000000000 0O0O0OODO, 00000000
OO0000000D00O0000O000D00000DDO, Lotka-Volterra NOOOOOOODOOOOOD
O000000000O00000000, ShigesadaO (1984) 0000000 0OO0OOUOOO,00000O
gboooooboob1oooobobooooobobooooobooboboboboboobOoboooon
o,0oooobooobooboooobbooboooooooboooD,bobobo0obooboooOobo
bobooooooboooooooo,bo0cl100o000oooo0oooooooooooooboooon
oboooboo,0ocobooooboooobooboooooboobobooboobooobooooobooon
obOo,b0b0boboboboboboboboobooooboooooooooooDoooobooobooon
obooobooobooobooboooooobooobooobooooboobooboooboobooooaoon
gboboobOoboooboobooboooobooboooooobobooooOoobobooooobooooon
obooobooooboboboooobooooboobooooboooboono

In this work, we consider the Lotka-Volterra multi-species competition system, focusing on
the state transition after deleting a species in it. Shigesada et al. (1984) studied the existence
and the stability of its equilibrium state. After a species deletion in the system, the secondary
extinction of another species could occur due to the collapse of the balance among competing
species. Occurrence of the secondary extinction depends on which species is deleted. We
may call the species which deletion causes the secondary extinction the “keystone species”.
In this work, we focus the condition that the secondary extinction occurs after the deletion of a
species in the system at the coexistent equilibrium state. If the intraspecific competition effect
is stronger than the interspecific one for every competing species, the deletion of any species
does not cause the secondary extinction. Only if a certain one species has the interspecific
competition effect stronger than the intraspecific one, the secondary extinction could occur.
We find that the deletion of a species with the intraspecific competition effect compatible to
the interspecific one or a species affected less by the competition effect is more likely to cause
the secondary extinction. The number of species which go extinct by a species deletion is
uniquely determined. The occurrence of secondary extinction after the deletion of a species
is determined by the composition of competing species, so that its change could affect the
possibility of the occurrence of the secondary extinction if a species is deleted or introduced.

Consequently, there exists the keystone species in a competition system.
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Structure and characterization of three enone
reductases from Nicotiana tabacum
Toshihiko Iwasaki,® Mohamed-Elamir F. Hegazy,® Yuya Sato,® Miki Otsuka,?
Chika Kuwata,® Akihito Matsushima,?) Shunsuke Izumi®, Toshifumi Hirata?
aDepartment of Mathematical and Life Science, Graduate School of Science,
Hiroshima University, 1-3-1 Kagamiyama, Higashi-Hiroshima 739-8526,Japan;
b)Natural Science Center for Basic Research and Development, Radioisotope Center,
Hiroshima University, 1-4-2 Higashi-Hiroshima 739-8526, Japan
e-mail:thirata@sci.hiroshima-u.ac.jp

Although formation of optically active molecules by use of biocatalysts, such as
microorganisms and enzymes, has been widely developed, there is continuing interest in the
development of efficient procedures to prepare them in optically pure form. We previously
found that cultured plant cells of Nicotiana tabacum have the potentiality of stereoselective
transformation of monoterpenoid ketones, such as carvone, verbenone, pulegone (1-3). Recently,
we have isolated three enone reductases, p44, p74 and p90, which catalyze asymmetric
hydrogenation of the C-C double bond of carvone, verbenone, and pulegone, respectively, from
cultured plant cells of N.tabacum (4).

In this study, we clarified the structure and characterization of these enone reductases. P44 was

found to be catalyzing the hydrogenation of the C-C double bond of 2-alkyl-2-cyclohexen-1-one
to give highly optically active (R)-2-alkylcyclohexanone.
The partial amino acid sequences indicated that p44 is a homolog of 12-oxophytodienoate
reductase (5). P74 was a homodimmer of 37 kDa protein (p37) to give highly optically active
(S)-2-alkylcyclohexanones. The partial amino acid sepuences showed high homology to the
protein reported as allyl alcohol dehydrogenase from N.tabacum (6) and pulegone reductase
from Mentha piperita (7). cDNA cloning of p37 was carried out by RT-PCR method using
primers designed from the partial amino acid sequence ,and then the recombinant protein was
expressed in Escherichia coli. The recombinant protein showed an activity for the
hydrogenation of the C-C double bond of pulegone, but could not catalyze the reduction of allyl
alcohols. Stereospecificity in the reduction of pulegone by the recombinant p37 was decreased
in comparison to that by native enzyme.

P90 (homodimer of p45) catalyzed the hydrogenation of the C-C double bond of
2-alkyl-2-cyclohexen-1-one to give highly optically active (S)-2-alkylcyclohexanone.
The partial amino acid sequences of p90 were showed high homology to progesterone
5B-reductase from Digitalis subalpina.

(1) T. Hirata, H. Hamada, T. Aoki, and T. Suga, Phytochemistry, 21, 2209 (1982).

(2) T. Suga, T. Hirata, H. Hamada, and S. Murakami, Phytochemistry, 27, 1041 (1988).

(3) T. Hirata, S. Izumi, K. Shimoda, and M. Hayashi, J. Chem. Commun., 1426 (1993).

(4) T. Hirata, K. Shimoda, and T. Gondai, Chem. Lett., 850 (2000).

(5) J. Strabner, A. Furholz, P. Macheroux, N. Amrhein, and A. Schaller, J. Biol. Chem., 274,35047 (1999).

(6) T. Hirata, Y. Tamura, N. Yokobatake, K. Shimoda, and Y. Ashida, Phytochemistry, 55, 297 (2000).

(7) K. L. Ringer, M. E. McConkey, E. M. Davis, G. W. Rushing, and R. Croteau, Arch. Biochem. Biophys.,
418, 80 (2003).
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Large scale dynamics of elastic systems
with atomistic resolution

M. Nonomura!, S. Majaniemi?, M. Grant?
11-3-1, Kagamiyama, Higashi-Hiroshima 739-8526, Japan

2Department of Physics, McGill University, 3600
University Street, Montréal, QC, Canada H3A 2T8

Crystal lattice dynamics and the dynamics of diffusing impurities and vacancies
continue to be subjects of great interest due to their obvious engineering applications.
Our main motivation of this work is to provide a framework for the description of
crystalline materials, which has the atomistic resolution, yet contains the physics of
large scale elasticity.

For this purpose, we utilize the generalized free energy functional F which can
be derived using the density functional theory. The macroscopic Poisson bracket
formalism gives us the equations of motion in terms of the density p(r,t), momentum
g(r,t), and the displacement field u(r,t)[1]. By introducing a new field e(r,t) =
poV - u(r,t), one obtains the following evolution equations:

dp = 0Oe

il I 2 2

2 + 5 =c1Vie+ Vi (1)
0? P 20p 0F 9

2 nV 9 =V [pv 5p} c3V-<e (2)

where 7 describes the energy dissipation of the momentum current in the solid. The
parameters c1, co and c3 have definite expressions in terms of the elastic constants
Aijkl, the average density pp, and the dissipation kernel a of the acoustic phonons.

From the numerical simulation of Eq. (1) and Eq. (2) we have obtained the
diffusion coefficient, sound attenuation and the sound velocity. These quantities
are compared with analytical predictions from the linearized hydrodynamics. In
addition, we have linked our new model to two existing ones [2, 3|, which have
demonstrated considerable potential in materials science modelling. The new model
contains those of Refs. [2, 3] as special limits when the length and time scales are
restricted to a specific window.

References
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[2] K. R. Elder and M. Grant, Phys. Rev. E 70 (2004) 051605.

[3] P. Stefanovic, M. Haataja and N. Provatas, Phase-field Crystals with Elastic
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A mass spectrometry study on the topology of cytochrome P450 17a. and
P450-redox partners complex by using cross-linker
Hajime Mizuno®, Shunsuke Izumi*, Takeshi Yamazaki?, Shiro Kominami?, Toshifumi Hirata®
1. Graduate School of Science, Hiroshima Univ.

2. Faculty of Integrated Arts and Sciences, Hiroshima Univ.

BUE X X0 G O @ UAEIEIRAT, FEIC X 237 B OBSRER BUCEAE T 2 BiOREE, B2 135 v
NRIBOEREE ETO MR e O— T SER ST\, Fxid, MEBEsisl & MEEor
Bl B GDEL Z8IC kY, o E—HEEREROMEER O F R v O — 217> T
%o RFEFRTIX, (LHEMAIE UCHEEET I 7 EMIc7 a2 ) v oG T57u0x) v h—%
v, A7 aA RRBVE L DOEGKROHERESE T 5 Cytochrome P450 1700 (LLF CYP17) @
BN b AR r U—, BIOCYP1T ~DEREICE T %% /37 E Th 5 Cytochrome bs (L4
T Cytbs) @ CYP17 & D% X7 ERMMAERICEREZHTTHRET 5,

9 CYP17 DREFE AT DI 24T 5 728, RAT 7 F N a ) o LT I ) e fo
WATZ 7 FUNEY b U ARY —LAOHIZ CYPLT Z#70A R, &bt G IEREDOF 2 o
A v H1—"T¥ 5 BS? (Di-sulfosuccinimidyl adipate) % T CYP17 DRSS EALATTD U
VUKL ARAT s FONRY COMTIa R VI G E T 0T, 7 rAY 7 LT HCE
I%, MALDI-TOF MS £ X O MALDI-QIT-TOF MS/MS € Z1TW\RiE LTz, T OfSE, &
ATy FONEI L ETORY A OBEREML TWA Y —7 2]~/ 25, CYP17
7 58, 59, 88, 245, 248, 253, 490, 492 HEH DV VU EL LKA T s F VLY v LD T/ 1
AY 7 LTWDZERHALNIRSTZ, ZRHD Y PUEREIEH X 5 CEM EITFELTHD
S, 2OV PURREAMEN CYP1T OSSN THD L EZ BND,

RIZ CYP17 & Cyt bs MDD ETED K 5 22 TH 7 ERFEEAEMN LT D MIzo0n

TH~RD72, CYP17, Cytbs Za— BEHiEIC LV KRR T 7 FoLal) v OBhNbR
HYURY —LERICHAAAR, B2 L0 LA HEBEORE W 2 x ) v 5 —BSt

(Di-sulfosccinimidyl sebacate) % fV T CYP17-Cyt b5 MO AAEREALAED Y »
I LTIy m R Y I IS EAT> T, OGS D SDS-PAGE #17->72& Z 4, 70kDa
iz 7 v A Y v 7 fEA L CYP17-Cyt
b5 EEKRD N KRBT, Z DN R
ZEIDHLTRY F iz KB 7V NTE
{b %47y, MALDI-TOF MS #IE %17~
oo TORER, K 1i12RT & 5 7% CYP17
D 248, 251, 88, 58 FD Y L FRIELAS
ITTT Cyt b5 U U 5kkE (18, 23, 32
Z) LRV UIFEE LTS Z EMR
Dot

<Cyths> 4

M1 CP17-Cyt b5 SADEANROD—AEFTHER
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Characterization of transgenic Arabidopsis plants with suppressed expression of
xanthine dehydrogenase by RNAI.

Ayami NAKAGAWA', Atsushi SAKAMOTO"?, Misa TAKAHASHI"?, Hiromichi MORIKAWA'?
'Department of Mathematical and Life Sciences, Graduate School of Science,
Hiroshima University, 2°CREST, JST

Xanthine dehydrogenase (XDH) is a ubiquitous molybdoenzyme that catalyzes the oxidation
of hypoxanthine to xanthine and further to uric acid. Thus, this enzyme has long been considered
to play a central role in purine catabolism. On the other hand, XDH is known to produce
superoxide and nitric oxide, the two physiologically important cellular signaling molecules,
suggesting a possible new role for this classic enzyme. Although plant XDH has been studied for
decades, its physiological role has still remained unclear. In this study, we employed
reverse-genetic approach to elucidate the function of plant XDH and generated transgenic plants of
Arabidopsis in which XDH was knocked out by RNA interference.

Five independent transgenic lines (designated ko-xdhl to ko-xdh5), that had been generated
by transformation with a hairpin RNA-expression vector, were selected, self-fertilized and used for
the experiments. Expression analysis by reverse transcription-PCR, western blotting and in-gel
activity staining, revealed that three lines (ko-xdh2, ko-xdh4 and ko-xdh5) efficiently suppressed
XDH expression, demonstrating that RNA interference was successfully induced.

A notable phenotype of XDH-suppressed plants is that these lines exhibited retard growth at
the vegetative phase (Fig. 1). In support of this observation,
treatment with allopurinol, an XDH inhibitor, resulted in a similar
growth defect in wild-type plants. Another phenotype caused by
XDH-suppression is that ko-xdh lines accelerate senescence as
shown by enhanced decay of leaf chlorophyll. This physiological
alteration was confirmed at molecular level by examining the

expression of senescence marker genes and protein. Currently, we

are investigating the molecular mechanism responsible for the two

Fig.1 Growth of 5-week-old seedlings
phenotypes observed with ko-xdh transgenic plants in relation t0  of wild-type and ko-xdhines.
R Seedlings were grown in growth
XDH function. chambers under long-day conditions
(16 h light/8-h dark).
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Nitrogen dioxide (NO,) modulates vegetables growth

Suaad E. H. Adam, Misa Takahashi, Jun Shigeto, Atsushi Sakamoto, Hiromichi Morikawa
Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima
University, 739-8526 Higashi-Hiroshima, Japan

Abstract

The role of NO; and its presumable involvement on various plants growth and development
was investigated. Vegetable crops namely sunflower (Helinthus annuus L.), cucumber
(Cucumis sativus), pumpkin and (Cucurbita moschata) were fumigated with 100 or 200 +
50 ppb ®NO, and irrigated with 1 or 10 mM KNO; for 5-6 weeks. Various growth
parameters include shoot biomass, root biomass, total leaf area, number of leaves, number
of internodes, stem length, and root length have been studied. Most of these values were
significantly increased in fumigated plants compared to the control. NO, significantly
increased plant shoot contents of nitrogen (N) (1.8 to 2.3 fold) and carbon (C) (1.7 to 2.1
fold), while calcium (Ca) content was not affected. Potassium (K), phosphorus (P),
magnesium (Mg) and iron (Fe) contents varies among the three plants. The ratios of *°N
(NO2—-N) to N (nitrate—N) taken by plants were determined using a mass spectrometer,
and were found to be 13.5 + 0.36% for sunflower, 15.7 + 0.79% for cucumber, and 2.3 +
0.13% for pumpkin. Radish (Raphanus sativus) responded negatively to fumigation with
200 + 50 ppb NO; reflecting less plant biomass compared to the control. All together, our
work supports the biological action of NO, on modulation of plant growth. The response of
plants to NO, fumigation seems to be depending on the plant species and NO;
concentrations. Relative interconnections between NO, fumigation, unidentified
nitrogenous compounds (UN) formation, and the vitalization effect on plant have been
addressed.
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KEAFIZEEND NOX HADNASA Z Y ¥— g« 7 FAAEHD RPCR fi#HT
WG, mfEEM2, Suaad E.-H. Adam ', FHHET!
BAm— SAREE, FR)IBLED?,

(CIRERBE - B, Lg% - CREST. *HUKPE - #1)

KEBIE TH HEHZRIY ( NOx=NO+NO2) #Mi—DERRE L TRET DM
M HOWTOMFEDF T, Fex ZMERICH KKHFNOx (100~200 ppb) ME¥ % “tix—>
57 L EBRLEY, bbb, NOxDOERFA(EME F T, 2.5 HEHY (Nicotiana
plumbaginifolia) % AN T THIEET D &, v a— A A~ A 2EEEHE, Mlaks (C,
N, S, P, K, Ca, Mg, W7 3 /W8, HZ L \V'E) G872 1%, NOxIEFEIES: (NOx
<5ppb) THEE LTI TR 2 @m0 oo, TORT REHFLREERIT, KR53

MEBARSCEZRRIEM E AWM EOREERAO “MESOBROBEE” 2R LTS, NI
wka@%%mk%%ﬁ% NOxHRDOZERNEERTITHD L2HIEIE 3-5%TH Y,
NOxHIRDEFDERF L L TCOFHIBHE TEIRETHLZ LR bhoTe, Lo T,
KEHENOXIIHEM BN T 7B E LTERL WD EfEimang, ZOER%Z “fl
MNA B Y E—Tar - TP AERT Lk Lz,

vaA XFAFERANT, @R I 20V 8—v a9 UER) PSR sn, —xicEE
DY A XL, NOx FAER B IAFAER DK 2 (5 Th o 70, BEOHWTIE & R IOV T O8]
Lo, fJx OfMaOY A XX NOx HFIEX EIEGIEX TIRIEEN -T2, #iZ, NOx
IFZEOME ~« OO R E SO GifafR) Tide <, Miao®Em iiasgsm) 2108
HETLHHO LRI, £ CARMFZETIX, U T AZ A L PCRIEEFHWT, Hifdy 2
HERTF3B L OE OEEE S+ ORBUTKTT 2 NOx DR Z & LT,

BT v o N—NTruA XAl %E NOx i7/E F (20050 ppb) F721F NOx JE
FET (<5ppb) THEHEFL-, #EME, I0 HHDOY B A XF XF D2 a— N5y & T I
iz,

MRS RIZBE 532 L s d A 7 U oot A 7 U AR FEF F—1E8 (CDK) 72 & D 49
BRTICOWTU TV A A PCRENTZLTIZEZA, YA 27V B A 27U D AEH
DI NOx BREEIC & 0 BELEOHINT 2B 725 14 A DO0 o7z, ZORENS, BIET
Lo T M EMEE S TV D Z & RbiroTz,

F7-, MR EICREET 5 & Svd Expansin B&i{n 1 27 AT L7- & 2 A, NOx IR
0’ Lo TRBEEOINT 58 s 128 10 FEAO) - 72, Expansin s 134 E€ 0 O —f#r

Lo THRESNTZBIB T BENTEOBEBR Do TV RNEDONREL, "M X E—v
g s VTFTMAERIZED LD IZEHE L TV ONIAHTH %,

1) M.Takahashi et al (2005) Atmospheric nitrogen dioxide gas is a plant vitalization signal
to increase plant size and the contents of cell constituents. New Phytol 168:149-154.
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1,2 1 1 3

Part 1

1,2,3thiadiazole 1,2,3thiadiazoline 2)

benzo(1,2,3)thiadiazole-7-carbothioic acid
3’-cholo-4,4-dimethyl-1,2,3-thiadiazole-5-carboxanilide ;

systemic acquired resistance SAR

Nicotiana tabacum

Pathogenesis-related PR

PR-1 PR-2
SAR
Part 2 UN
UN
Arabidopsis thaliana NOX
NOX 5ppb
UN 1/2 NS
1/2 NS 2 4

UN

UN

1) H.Morikawa et al., Planta 219:14-22(2004).

2) K.Miyawaki et al., Org. Biomol. Chem.,2:2870-2873(2004).

PR-5

NOX
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TRAMEERBERIC L VIEHET= b En b # T E OISR
EEE M, mERE Bk &b RIsLE
(RER - BEBE, * BHEBEHE - CREST)

[BW] W DENICE Y IAALTE ZFBLER (NOy) OHFEDZEFRZ DK 3 E | M
PEREZEHR T 72 < Kjeldahl EFE TH RWAKRMEIZEZE  (Unidentified nitrogen : UN)
IR END Y, UNBAMO 1 S& LT= kAR Eibns, FE NO;
XA E T IRBHBRAEAETIE, O TRISMEICE A, BE, HERKRFE
Mz=bufbd o2 LPMONTND, £ T, AETHEII=hrFr T 4
K% OV TNOMRE LIEET O % L R ED = b e fLIZ W CHEZIT- 7=,

[#E& - #5F] # N2 (Nicotiana tabacum cv. Xanthi) B X O v A X XF

(Arabidopsis thaliana ecotype C24) % 22°C, R 70%, 70 pmol m™s™ &ft: T T,
4 ppm NO, T 8 [ EE 1%, AL, MK A% L7z, SDS-PAGE & 5%
U ME 2-D PAGE 73#fi#%, Sypro-Ruby el L OWi= b T o v o fifkz iz
T AR Ty MENTEITo72, SDS-PAGE %D U =A% 7y MEHTIZLD
fl=boFu PR L OST 2BAD N RRF =, vaf X T AT
OHAMHIRIZ SV T BE SN, Z N2 EOMHHEIZ ST 2-D PAGE %, ¥
T AT ay MEFTLIzE Z A, pl 47 OFHPHIZH= hrFr v U HuR & Kk
TOBEDZ R EARy bR ST, ZhoDF NI EARy N&eT
JVINTHIET:, MALDI-TOF MS IZX W oHrL, #8537 2/ BREdYI %15, FASTA
—F L7z & Z A, pathogenesis-related (PR) % > /N7 'EH D7 I/ BERESY & —FK LT-,
fth )5, v mA XF XFTlX, MALDI-TOF MS (2L Y 73487 L, peptide mass finger
printing (PMF) f#fT 21T >7c& 2 A= hufbZ X7 EO TR OIX, KA kR
RIS EPEIR AT 2 % /N7 B OEC23 & OEC33 Th o7z, LLEDOFERIZHOW
THET D,
1. Morikawa, H.etal.,, 2004.Planta, 219: 14-22.
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BHELEE 5-FIL I L7 53 )L DNA 7' a3 5 —X¥ D falE & BEEEMRNT

R
By A iy B

‘lﬂﬂk

NEES

EARFALATE =

BEWEHZH ) DNA 121, WIERPHANERIC LD 2 THREECTw 3
LU BEEIMEEI NV E, DNA ERIAEFECHEB L 7 —23% 2 0 ERZ ROt
DFEFHEIND, FRERLERIIEPENMNGZEDOFERE D KRS, Lo, EHENICIZ
DNA B ZEBE T HESHL->TE D, s DfEZRRICH VTV 2, HFRH
REOREY & L TEL 2 iEMERERIZRLE DNA #5240 228, 0 x o
R DY A 7OHREGIRT /7 AATROEHZICRO N 2HETH 2 2 L35
PIZINTVS, FELMBLIAE L LTI, 8-oxoguanine % thymine glycol 7 & D3[FE
INTEY, I5I2INS ORBIBIFEE L S NITBERFESH S IS, —fRIC,
&1L DNA 1845 IIIEILR L EE SR (DNA glycosylase)iZ & ) DNA 226 REIN 5,
8-oxoguanine ¥ X % thymine glycol % i¥ikd 2 KW EEREBERE L L T, Zn
Z3 Fpg B X Endo Il BFEEINT W, WEINSDE b KET Z(MOGG,
hNTH1, hNEILI, hNEIL2)%3%E i & (BRI D gt osiEA T 5 (R 1),

5-formyluracil (fU,IX 1) (%, JHEBECHBHRIC LD thymine 2> 6E U % FEL W
{LHEETHH, DNA HEl L 7 —2FEHT 5O RREREOEVEETH 5, KIBH
Tl%, 3-methyladenide-DNA glycosylase II (AlkA)2Y fU EIREESE & L CTHIE S L7225,
Z DI&fE R €1 7 TdH % methylpurine-DNA glycosylase (hMPG) 13 fU % 585k L 72\,

AWFETIE, WFABHICK T 2 U BEEEOBIZHINE LT, U BERERORKH
j@;(ﬁ@%i’%ﬁ‘l&@ﬁﬂﬁ%ﬁo 2o HASKEBTH OBERRHE DT 5. 7 7 ¥ V(U
AR TH S SMUGI » fU EREEETHL I L z223 Lk, I T, b
SMUG1(hWSMUG)DEEREREZ W S 221§ 2 HIWT, ARz 7 u—=v 7 - FBiL,
EGR HE2 TR G L 72,

(o] (o]
CHj CHO
HN |
p —>
1 B AR R O)\T )\ |
R = 3% thymine 5-formyluracil
EndoIII  NTHI Tg
Fpg 0GG1 8-0x0G o U XeH
ATkA ? U H/E\ | hoU =OH
0” N fu =CHO
| hmU =CH,OH

X1 SMUGL SRRk % s


片柳 克夫
P13


P14

t | Endo III } T8 Endo VIII 7= E v 7 DG K Bk

F T
By Rl BR TR gE=

R BROTE MR FRIZ LV . DNA (ISR BLERBE N E L 5, BbEEE
X DNA 7' ) 2> 7 —ERBaT S AR EEERE CEE I, ZoBBII s T
U7mbe PETREFEINTWD, RIBE T, BBbv ) IV U BIEITEE LB ES
iM% "9 Endo I X TF Endo VIILIZ KV fRESND, MBS O KB Z AT 7>
5h, MENTOZNSEDERENEBREL TVDH I EIRENTWS, Endo Il D E Ik
F 1 7 hNTHI, } OV Endo VIII @t k75 1 7 hNEIL1, hNEIL2 & Fg{bt AR5 & R 2=
T L0 MIENTO Z i OFFEE OERENIH 2 TidZe W, A Tid, hNTHI, hNEILIL,
hNEIL2 OEE{b i BAR G 6 2 Fe Jtk & L st L7z,

hNTH1 A OY hNEIL1 (& thymine glycol D AR FEIR(SR-Tg & OY 58-Tg, Fig. DIZHF LT
H7e DIEMEZ R L7z, hNTH1 OIEMEDIE 5R-Tg:58-Tg = 13:1 THo7=DITxt L,
hNEIL1 O X 1.5:1 Th o7, F 72, HeLa AT H 41X hNTHL & FIERIC SR-Tg % (&
BT BRZE L= (SR-Tg:58-Tg = 13:1, Fig. 2), Z D Z &b, AP TIX hNTHI 23/ Tg
BMERREOFEREETH L B2 BN D, £72. hNTHI L OVhNEILL (3382 Tg LA
HOBLE Y I VBB ERET DIEEE R LD, &2 ORGSR 2 Fe i i3 i
STz, hNEIL2 X AP A Mt L TREWEEE R L2y, B ARG 32
TR D TEI DN - 7o, ABFZEORE S, hNTHI K OV hNEILL (3 2 OB &I 5 iE M
WZEIZHD OO, BEELIEFREZFRFSZENRHALNE R STz, > T, hNTHI K&
OYhNEILL ZKGHE AT a7 & ARSI W TER L A&E 2> TN &5 2
bivd,

HelLa E. coli
- __100
X 2
< 40 5R bt 58
0 CHs 0 CHs o CH, o cH: S S
5 k-] ° 1
HN™ “OH HN” “YOH HN” “y-=OH HNT OH o O 50 5R
)\ ----- OH )\ ~~wOH J\ ~wOH J\ ~OH a 20 a E
o T o T B o lil B [ rI« B ° K
H H H H ] _
2 5s s ]
5R,65-Tg 5R,6R-Tg 55,6R-Tg 5565T9 2 o plad—t— N I
- - 0 2 4 (] 2 4
5A-Tg 55-Tg Cell extract (ug) Cell extract (ug)

Fig. 1 Tg SLARFMEAR DR Fig. 2 HeLa ¢ CNK MG Al MLl 4 D Tg e Bk
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A
pum m DNA
DNA
50 nm nm 10 um
DNA
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DNA DNA
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S
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um
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25 (
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[1]F. Luckel et al., FEBS Letters, 579 (2005), 5119.
[2]V. Bloomfield et al., J. Chem. Phys., 44 (1966), 315.
[3]S. Araki et al., Chem. Phys. Lett., 418 (2006), 251.
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DNA

Global Genetic Switching
Depending on the Higher Order Structure of Genomic DNA

Dept. of Phys. Kyoto Univ.  Yoshiko Takenaka, Hiroki Nagahara
on/off DNA
on/off
on/off
on/off
DNA
DNA Coil/Globule
naked DNA on/off
2
DNA DNA
1N, MRNA ri, Pi k
(Fig. 1)
dn dF 1 dR
— ———=—kmr-Dn-2)+k,({ =) , ——=kA-n)-K,R+ki{
dt dn 2 dt
dP g .
E:k5R—k6P+kP§, é’szril’i+kaipiER+P,
I |
DNA
DNA Folding Transition Genetic Metwork
(9] DNA
&
on/off

M. Radonjic et al., Molecular Cell,

171 (2005).

223901 (2005).

18, -
@ : 3
Environmental Factor

Fig.1 Schematic system dynamicsS.
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FHERICETAIHEETIV . EEFREOIVILENRNEI—Y
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Mathematical Models around the Process of Somitogenesis:
Rhythm and Pattern of Gene Expression
Dept. Phys., Kyoto Univ. Hiroki Nagahara, Yoshiko Takenaka

BAR. HICEVICBE TRV XLONRI—VE RO, FERIC K > TERE
L&SETHREAE. B - BRAEmI L. BAICITTHOATWS, BFE. HHEY
DEEFHEEIZ, RSMEPEEPSM)O &G TEGEFNEHO LS ICAHMICHE
L. TORBEOBALGBUNROLSICHREEZEGEL. RENICASNLGEES:
BRI B LBENBEEIh TSI

BRIZ. ABREIVANILATHRAAMOEZILUMRZ L HRHAR EZITU. KETRARIC
Ron2BKREVEGEFREOER (VXL, A, HOGELELE) CET IHE
ETILOBEZRATLS,

PZIE, BOEBEHAITIRFEHEETILELT., EHEF - FEFZERT
2FH(u, VEETRDOD&SHHMERELBABKXZAVTHERRZ1To 1=,

%:%[f(u,v)—auHDquu, %:le[g(u,v)—ev]+0vvzv
flu,v)=H(u—x)—v, glu,v)=(u=b)+yv.

B1ERERROBRO—HIZTRT. COFELGETILZANVT., K4XHAaME
BEERAOEDNLGHEEGCEDENGABEICODOVWVTRBELSICENTES,

ShIC, SEDERTIX, CD @ space 300 (b)
ROEBEGCFREORSFH. #HE
MOEEERICE > TR - 1k
EhdEVNS. RmEDEERHE L
TOHBETILRIIZOVTHA
NITEFETHD,
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Dynamics of surface tension under nonequilibrium conditions
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Study on molecular mechanisms of germ cell development in sea urchin
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P20 Applied analysis to the adaptive transport network of Plasmodium slime
mold

g obogooobobbdu obobbuogoobobb ooobood

1 Introduction

0000 Physarum polycephalum(00:00000)000000000O0OCO0OOOOODOO
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2 Mathematical model
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Qij = I (pi — pj) (1)
Dij = f(1Qi]) — Dj; (2)
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path finding by true slime mold, J. Theor.Biol, in press.

[2] Nakagaki,T., Yamada,H. and Téth,A. Maze-solving by an amoeboid organism. Nature 407(2000),
470.


片柳 克夫
P20


P21

Analysis to a simple model of
circadian rhythm of Arabidopsis Thaliana

Kazumi Isamu Ohnishi

July 31, 2006

Abstract

We are interested in circadian rhythm of Arabidopsis Thaliana. We
would like to elucidate basic structure in which circadian rhythm oc-
curs in Arabidopsis thaliana type negative feedback system consisted of
transcription-translation roop of genetic network in a cell, as following [1]
where they investigated the similar object in Drosophila in details. We
try to study some types of system to get suggestions to the objective and
conjectures.

Key words : Simple mathematical model, circadian rhythm, Arabidopsis
thaliana,
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Functionality of hard machines and (biological) soft machines:
Energy transduction by coupled deformable gears

Akinori Awazu*
Department of Physics, University of Tokyo,
Hongou 7-3-1, Bunkyou-ku, Tokyo 113-0033, Japan.

Recently, the practical applications of micro- or nano-scale machines are important issues
for several area of sciences in particular the biology and medical science. Usually, our regular
(macro) machines are constructed with tough components such as hard gears, shafts, bearings,
etc.. In such machines, these components need to be coupled tightly to realize their functions.
Then, they seem to be weak against some fluctuations. On the other hand in biological systems,
several functions are realized by proteins or cells which are generally soft and easy to deform. It
is remarkable that they can work efficiently under the large influences of thermal fluctuations.

In this study, we perform simulations of toy mechanical systems consisting of hard gears or
soft gears in order to directly compare the differences of the mechanical properties between our
regular hard machines and soft machines in biological systems. We focus on the characteristic
motions of ideal models of the coupled hard gears and the coupled soft gears in the following
two situations: P) the system contains a pair of gears, and T) the system contains three gears
where their rotational axes form a triangle.

First, we study the transduction properties of rotational motions of such coupled gears under
the temporally constant torque applied to one of the gears. If the system involves only hard
gears, we obtained the trivial results that the transmission of the rotational motions to other
gears occurs only in the situation P). On the other hand, if the gears in the system are soft, the
transmission of the rotational motions to other gears occurs only in the situation T). Second,
we focus on the motions of soft gears in the situation T) under which one of gears are attached
to a hot heat bath and other two gears are attached to the cold heat baths. We found that, in
such situations, two gears attached to the cold heat baths realize the directional rotations due
to the random motion of the gear attached to the hot heat bath.

*E-mail:awa@daisy.phys.s.u-tokyo.ac.jp
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Hydrogen / Deuterium Exchange Studies of Deletion Mutants at a Flexible

Loop of Dihydrofolate Reductase by ESI-MS Spectrometry

Yuiji Horiuchi, Eiji Ohmae, Tatsuya Yamamoto, Shunsuke Izumi, Shinichi Tate, and Kunihiko
Gekko (Department of Mathematical and Life Sciences, Graduate School of Science,

Hiroshima Univ.)

Dihydrofolate Reductase (DHFR; 5,6,7,8-tetrahydrofolate:NADP* oxidoreductase, EC
1.5.1.3) is an important enzyme found in all organisms. To elucidate the role of flexible loop
region in the structural stability and function of DHFR from Escherichia coli, we constructed
the deletion mutants which are lacking in each amino acid residue at sites 64 — 71 in the
BC-BD loop, and analyzed their structure, stability, and function by spectroscopic methods.
These deletion mutants clearly reduced the values of the free energy of denaturation (AG°,)
and the enzyme activity (keat/Km) compared with the wild-type, indicating that the deletion of
only a single amino acid residue on the loop region affected the structural stability and
function of DHFR.

Further to clarify the effects of structural flexibility on the structure-function relationship of
these mutants, we measured the H/D exchange of these deletion mutants by an ESI-MS
spectrometry. Amide protons (-CONH-) participating in inter-peptide hydrogen bonds much
slowly exchange to deuterium atoms than those without hydrogen bonds in a D,O solution,
so we can evaluate the structural fluctuation of proteins from the H/D exchange kinetic
parameters. Although the deletion sites exist in the same loop, each deletion mutant had
characteristic H/D exchange parameters. The exchange rates of A67 and A68 mutants
were almost same as that of the wild-type, but those of A64, A65, and A66 mutants
increased. This result indicates that the deletion at sites 64, 65, and 66 increases the
flexibility of DHFR. On the other hand, the number of amide protons of site 65 protected
from deuterium exchange at an infinite exchange time was smaller than those of the
wild-type and other deletion mutants, indicating that the deletion at site 65 obviously
affected the dynamic structure of DHFR.

In the poster, we will also present the results of correlation analyses of these H/D

exchange parameters with the stability and function of these mutants.
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Structure and Function of Dihydrofolate Reductases from Deep-sea Bacteria
Chiho Murakami', Eiji Ohmae', Kunihiko Gekko', Shin-ichi Tate',
Kaoru Nakasone®, Fumiyoshi Abe’, and Chiaki Kato’
' Graduate School of Science, Hiroshima University > Faculty of Engineering, Kinki University
3 Japan Agency for Marine-Earth Science and Technology

Since the deep-sea is an extreme environment characterized by high hydrostatic pressure and low
temperature, enzymes from organisms living there are thought to have some kind of systems to tolerate
hydrostatic pressure. Dihydrofolate reductase (DHFR) catalyzes the NADPH dependent reduction of
7,8-dihydrofolate to 5,6,7,8-tetrahydrofolate (THF). The product, THF, is a cofactor for purine nucleoside
synthesis which is essential in living cells. Therefore, DHFR is an excellent model enzyme to investigate the
pressure-adaptation mechanism of proteins.

This study aimed cloning and characterization of four new DHFRs from deep-sea bacteria, Moritella
Jjaponica strain DSK1 (mjDHFR), Shewanella violacea strain DSS12 (svDHFR), Moritella yayanosii strain
DB21MT-5 (myDHFR), and Photobacterium profundum strain SS9 (ppDHFR). We have cloned their genes and
constructed over-expression and purification systems using E. coli cells, in order to compare their structures
and functions with those of a DHFR from E. coli (eccDHFR). Primary structures of DHFRs from deep-sea
bacteria had 33-56% homology to that of ecDHFR. Far-ultraviolet circular dichroism and fluorescence spectra
were also similar to those of ecDHFR, suggesting that the three-dimensional structures are not largely different
from that of ecDHFR.

Enzyme function of these DHFRs was also compared under atmospheric and high-pressure. Although
optimal pHs of the DHFRs from deep-sea bacteria were around neutral pH, optimal temperatures widely
distributed between 25 and 55 °C under atmospheric pressure. Enzyme activities of ecDHFR and mjDHFR,
which was cloned from a piezotolerant bacterium, decreased as pressure increased as shown in the figure. On
the other hand, enzyme activities of three DHFRs from piezophiles, svDHFR, myDHFR, and ppDHFR, had a
little pressure tolerance : enzyme activity of myDHFR was almost constant under pressures up to 100 MPa,
whereas there were the optimal pressures at 100 and 75 MPa for svDHFR and ppDHFR, respectively. These
results indicate that DHFRs from deep-sea

bacteria are different from ecDHFR in

. . ——— . .
enzyme kinetics and structural dynamics to 120+ A i
adapt themselves to high pressure. More OQ: Y Ll \9\’ﬂ .

detailed analysis of pressure effects on ; 1001 “~ — .\ \ |
enzyme function suggested that DHFRs E 80+ h ‘\ o\ ’\0 .
from deep-sea bacteria could interact with :E 6 0'_ A\A °\\ |
substrate and cofactor under high pressure as é’ | —@— E. coli AA “ ® o
strongly as under atmospheric pressure to ;ﬁ 40 '+ g/[ 1{1 i’;g:;;aDI)szlle '
maintain enzyme activity under =2 20L& p profundum SS9 A
high-pressure environments. M. yayanosii DB21MT-5 ]
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