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Study of functional structure of protein and biomembrane by the developement of
resonant X-ray solution scattering in wide-energy range
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The use of anomalous dispersion of X-ray (resonant X-ray scattering) is expected
to serve us a new insight on functional structures of proteins and membrane in solutions, especially of
metalloproteins proteins containing metal atoms or clusters that are involved in a wide range of
important biological processes. On the other hand, the recent development of the wide-angle X-ray
scattering technique of proteins and membrane using third-generation synchrotron sources shows us that
the X-ray solution scattering enables to observe a whole hierarchical structure ranging from ~0.2 nm to
~250 nm, namely, from the secondary structure to the quaternary one of proteins or from the alkylchain
packing to the whole structure of lipid aggregate.

The aim of this study was the development of the new method for studying the internal structure of
biological material in-situ by the combination of resonant and wide-angle scattering of X-ray.



0.2 nm

Hg

X
250nm

Fe

Fe P K Hg L

(Jpn. J. Appl.
Physics,53, 2014)

J. Phys.
Chem. B,119, 2015

Hg

1% w/v

Fe

X
DPPC(a) PC b .X-rayenergy=12.4 keV
(Jpn. J. Appl. Physics,53, 2014)



Hg

—]—12.3985 keV (1.0000A)
T

Experiment

—|—12.2844 keV (1.0093A): Hg L3 edge

Al(g) (arb. units)
P

08 | St
0.0 I J
.:g 15 _Model I /\I/\ I—s-sbomli replaced blyHg
g 1ol
A
T 0.5 "j\/\/
S
0.0 1 1 1 1
X (PC) 0 0.5 1 1.5 2 25
X q (A
.X-ray energy=2.145 keV
(Jpn. J. Appl. Physics,53, 2014) X
J. Phys. Chem. B,119, 2015 X
outer inner
leaflet leaflet
~2 - O protein
1.0 0 1.0 3 RA-
qy! nm? £ 1 _8%)035&’
£ o=
X o o
o0 [ I |
native Hg = |40 -20 0 RO 40 60
°© : distance (A)
10° .
[ native lysozyme X
= 102 4
é
é 10" - g
107 e " . — 12.2984keV
Hg Iysozyme 12.2844keV
% 102 12.2604keV
5! 10' \\
10°

s
0.1

-

q (1/A) X




1) M. Hirai, S. Sato, R. Kimura, Y. Hagiwara,
R. Kawai-Hirai, N. Ohta, N. Igarashi, and N.
Shimizu

Effect of Protein-Encapsulation on Thermal
Structural Stability of Liposome Composed of
Glycosphingolipid/ Cholesterol/Phospholipid

J. Phys. Chem. B,119, 3398 3406 (2015).

2) H. Okuda, T. Yamamoto, K. Takeshita, M.
Hirai, K. Senoo, H. Ogawa, and Y. Kitgjima.
Normalization of grazing-incidence small angle
scattering of phospholipid alloy systemsat the K
absorption edge of phosphorous: A standard
sample approach.

Jpn. J. Appl. Phys., 53, 05FH02-1-05FH02-5,
DOI 10.7567/JJAP.53.05FH02 (2014).

3) M. Sugiyama, H. Yagi, T. Yamaguchi, K.
Kumoi, M. Hirai, Y. Oba, N. Sato, L. Porcar, A.

Martele and K. Kato

Conformational characterization of a protein
complex involving intrinsically disordered
protein by small-angle neutron scattering using
the inverse contrast matching method: a case
study of interaction between asynuclein and
PbaB tetramer as amodel chaperone.

J. Appl. Cryst., 47, 430-435, DOI
10.1107/S1600576713033475 (2014).

4) M. Hirai, R. Kimura, K. Takeuchi, Y.

Hagiwara, R. Kawai-Hirai, N. Ohta, N. Igarashi

and N. Shimuzu

Structure of liposome encapsulating proteins
characterized by
shell-modeling.

J. Synchrotron Rad. 20, 869-874 (2013).
5)_M. Hirai, R. Kimura, K. Takeuchi, K.

X-ray  scattering  and

Kasahara, N. Ohta, B. Farago, A. Stadler, G.
Zaccai.

Change of Dynamics of Raft-Model Membrane
Induced by Amyloid-b Protein Binding

Eur. Phys. J. E. 36, 74 DOI 10.1140/epje/
i2013-13074-3 (2013).

n_
PF
,2016.03.30.- 2016.03.31.
2)
Crowding
2015
,2016.03.15. -
2016.03.16.
3)
DDS
2015
,2016.03.15. -
2016.03.16.
4
15
, ,2015.12.10.
- 2015.12.12.



5

,2015.11.21. - 2015.11.22.

6) M. Hirai, S. Sato, M. Sugiyama, N. Ohta,
N. Shimizu, N. lgarashi, A. Martel, and
L. Porcar

Crowding effect on protein structure

stability clarified by X-ray and neutron

scattering.
16TH  INTERNATIONAL  CONFERENCE  ON
SMALLANGLE SCATTERING, Berlin,

2015.09.13 - 2015.09.18.

7) S. Sato, M. Hirai, N. Ohta, N. Shimizu,
and N. lgarashi

Interaction of amyloid beta protein with
raft-model liposome

16TH  INTERNATIONAL  CONFERENCE  ON
SMALLANGLE SCATTERING,
2015.09.13 - 2015.09.18.

Berlin,

8
beta

2015 3 17
11)
Crowding
Neutrons in Biology

2015 3 30 31

10)

crowding

2014/12/26-217,

11) M. Hirai, S. Sato, M. Sugiyama, N.

Ohota, L. Porcar, A. Martel, G. Zaccai

Crowding

2014/9/25-27

12) S. Sato, M. Hirai, N. Ohta
X

2014/9/25-27

13) K. Takeuchi, M. Hirai

crowding
51
2013/10/28-30

14) Y. Kimura, M. Hirai

51
2013/10/28-30

15) M. Hirai, R. Kimura, K. Takeuchi, M. Ohta,
B. Farago, S. Stadler, G. Zaccai

p

51
2013/10/28-30



€Y

Hirai Mitsuhiro

00189820

@

®



