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Two-dimensional heavy fermion in a monoatomic-layer Kondo-lattice
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Figure 1 (a) Doniach phase diagram and (b) Schematic band structure of a heavy fermion system.
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Figure 2 (a) A surface atomic structure of YbCu,/Cu(111). (b) LEED pattern of Cu(111)-(1 1) substrate taken at the primary energy of 150 eV (c)
Same as (b) but for YbCu2/Cu(111)-(3x3)R30°. Both LEED patterns were taken at the temperature of 70 K.
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Figure 3 ARPES image near the I point taken with circularly polarized
35-eV photons at 15 K. ARPES intensities are divided by
the Fermi—Dirac distribution function convolved with the
instrumental resolution. The filled and break lines indicate the
simulated band dispersions E~ with ¥,=120meV and 0 meV
by the PAM. The open and filled circles indicate the peak
positions from energy distribution curves (EDCs) and MDCs,
respectively.
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Figure 5 Yb 3d core-level spectrum of YbCu,/Cu(111) taken with
1650-eV photons at the temperature of 15 K. Black circles and
red lines represent the raw data and fitted curve, respectively.
The dotted line indicates the Shirley-type background.
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Structural Analysis for Engineering Protein and Interpreting its Mechanism

Takahiro KOSUGI

Institute for Molecular Science, National Institutes of Natural Sciences

Abstract
L, FHERZ TR T — 7 AN BRYGEL T A ATy VN Z#E T S LT, ZDRILEE
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0, 2= Fexd AR AOMEERNLETH

Active Site B ATP
ATP Hydrolysis G

V,-ATPase

Pseudo-active Site
ADP

%o FEWICEH, MRS E—X— X287 E V,-ATPase
ool U7zBRICiE, 9 TITRIR V,-ATPase DS s HYHH
S5MCTE > Tz [4] (Fig. 2(a). & L, HhHE(EESODETE
L uE, 2—7 v bR EREZRS & TAh
SR ERDEI NG S EhoTzlz8, Kb —BRHET
HoTHAS (FE2H, WEERNMALEL A>T
Blicld, Th2zdEL LS EEERA LD D),
41X V,-ATPase D IEIC 50 T Pseudoenzyme (FE{LL
) ICEH Uiz, PR, EbomiE TREIGEIC
HELGY I/ MER->THED, BREEEZRTRVIEED
RERTTHS, TORMLBERICBLT, X\ HER
RICEENZBLUEEOZ D, HEKROKREZ 7 0 AT
Uy ZICHIEIL T2 T EMREEN TS, V,-ATPase
&, ZD0DX 87 E (A subunit, B subunit) 73 D9 D
RHEICWMATE 6 BIKDHTHI & 752 2 2787 H D EEd

Allosteric Site
ATP Binding

No ATP Blndlng

Rotation is accelerated

Figure 1 Allosteric sites in a rotary molecular motor, V,-ATPase, were created by restoring lost functions (ATP binding ability) of the pseudo-active

sites which are predicted to have been lost during the evolution.
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Crystal Structure of V,-ATPase (PDB ID: 3VR6)

Structures of P-loop containing proteins

Figure 2 (a) Three dimensional structure of our target protein is necessary for redesigning it. We designed allosteric sites based on the crystal structure
of Enterococcus hirae V,-ATPase. (b) To characterize the P-loop motif, many known P-loop containing structures were needed. We analyzed
P-loop containing protein structures which were collected from protein structure database. P-loop motifs are shown as red spheres.
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(b)

Catalytic Site :

Designed Site

Bind into Designed Site ‘

14

Figure 3 (a) Crystal structure of the designed V,-ATPase with ADP molecules was solved. This structure revealed that our designed site has nucleotide
binding ability. Green dot and red straight arrows indicate the catalytic and non-catalytic interfaces, respectively. ADP molecules are shown
as spheres (top) or stick (bottom). (b) Crystal structures of the designed V,-ATPase with 4 or 5 ADP molecules were solved. Comparing
these structure elucidated the allosteric mechanism: binding a nucleotide into the designed site induces the conformational change of the

neighboring catalytic site, facilitating the ADP-release there.
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TORC1

Tor1-TORC1 Tor2-TORC1
Different

Novel Insights to Molecular Evolution
Potential to Control Lifespan

Figure 4 We developed an advanced molecular cell biology approach by integrating computational redesigning of protein complexes based on the
predicted three-dimensional structure into yeast genetics. By the approach, it was revealed that two types of yeast TORC1 complexes, which
were thought to have the same function, play distinct roles in cellular environmental response and life span.
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BEAMERF  Xiaoni ZHANG

Although it has been almost 3 years after I participated
experiments in KEK, this is the first time I participated Quantum
Beam Science Festa. Besides, it is also the first time I participated
in the KEK activity as a graduate student having T-Proposal.

I was surprised at the wide range of topics covered. Our
laboratory are focusing on soft X-ray spectroscopies to unveil
the electronic states for various two-dimensional materials, I
myself also am currently conducting experiments at the Photon
Factory utilizing micro-focused photoelectron spectroscopy.
Before participating in the on-site Quantum Beam Science Festa,
I did not have such a direct impression that the synchrotron
facility has been utilized by a wide variety of fields, from
the understanding particle physics to exploring astrophysics.

I am already a D2 student and I have participated in many
conferences and workshops, but most time I have chosen
the sections related to my field. However, in Quantum
Beam Science Festa, the talks given in the morning sessions
on Day 2 were totally beyond my fields, and I was totally
attracted by the interesting topic and wise logic, even though
I am not a Japanese native. These speakers opened a new
view of wide ranges of researches. By participating in such
a festa, I gained not only the understanding for my own
research, but also received a wider range of new knowledge.

As a student with T-class proposal, I needed to make a poster
presentation based on my first year achievement utilizing the
synchrotron facility of the Photon Factory. As a foreigner, my
presentation is always in English which limits my opportunities
of communication in Japanese conferences. This time in the
Quantum Beam Science Festa, many people came to discuss with
me about my research and progress, which was very impressed.
People in synchrotron facility shows impressive enthusiasm
to new topics. All these professors and students I directly
talked to were so nice and provided me much encouragement.

By exchanging diverse opinions and perspectives, you can

expand the scope of your research. I hope that I will be able
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to continue to make new discoveries and interact with others

through participation in academic conferences.
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Diary of staying at Photon Factory

Thai Synchrotron  Phakkhananan Pakawanit

Hello everyone, my name is
Phakkhananan Pakawanit from Thai
Synchrotron. I had the opportunity to
join as a short-term invited fellow of
the High Energy Accelerator Research
Organization (KEK) in December 2023.
I had so much fun; every morning, I
would ride a bike to work, and at noon,
1 would go back to the apartment for lunch and then ride back to
work again. I didn’ t have to worry about my safety; I enjoyed
the view and fresh air. Besides the cold weather that we don't
have in Thailand, the sense of colored leaves on the way to the
photon factory is so beautiful.

I learned many things from Asist. Prof. Dr. Shohei
Yamashita, from the beginning to the advancement of the
scanning transmission X-ray microscopy (STXM) technique.
He worked hard, and at the same time, he told me to balance
life with sports. During my visit, I met the STXM users, for
example, Prof. Dr. Hikaru Yabuta from the Department of Earth
and Planetary System Science, Hiroshima University. Besides
working at STXM beamline about cosmochemistry, she could
speak Thai words and showed me the Indian food around KEK.
Asist. Prof. Dr. Yohei Nakanishi from the Institute for Chemical
Research Polymer Materials Science, Kyoto University, taught
me about his polymer. Sometimes, he came to STXM beamline
with the industrial users. Prof. Dr. Yoshio Takahashi is from
the Department of Earth and Environmental Science at the
University of Tokyo; he told me about a good place where I
could see Mount Fuji at KEK. I remember I asked him where
his hotel was, he pointed at the couch at beamline 19. Everyone
works hard but still has a big smile during the beamtime.

Asist. Prof. Dr. Shohei also told me to enjoy my weekend

Fig. 1 Beamline work at BL-19A/B.
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Fig. 2 I visited many places and enjoyed Japanese food.

in Japan. So why not? I will not inform you how many places I
went there, see all the pictures!

I would like to say thanks to everyone and to this program. I
appreciate everything and hope when we are planning to build

the STXM beamline I can go back and visit everyone again.

Fig. 3 During the KEK experience, I also met up with old and new Thai
friends who worked at Tsukuba University, National Institute for
Materials Science and National Institute of Advanced Industrial
Science and Technology.
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. Infection biology, cell biology, protein
structure analysis, cryo-EM single
particle analysis

5. To contribute to the scientific community in gaining a

deeper understanding of life through the integration of cell
biology and protein science.

6. Small steps lead to big journeys.
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