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New NMR methods developed for structure determination of large proteins

Kojima, Chojiro
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NMR structure can be determined for proteins with molecular weight less than 50 kD
a, however, no structure for beyond 100 kDa. In this research, we have developed a new NMR method to analy
ze very large proteins. This method consists of sensitivity enhancement of 13C direct detection, and 13C a
ssignment and analysis procedures employed for solid state NMR. These methods were applied to florigen rec
eptor with molecular mass beyond 50 kDa.

NMR



NMR H
10
H
H
13C
lSC
Bermel et al. Concepts in
Magnetic Resonance 2008 B¢
H 30
22
950 MHz NMR
l?»C
13- 13 5
13C
600 DNP
NMR
13C
NMR
lSC
NMR
NMR
NMR
NMR
10
10
NMR
13C
NMR
13C l3C
NMR
5
10
13C l3C
13C l3C
5
10

24 (1) 13C
(2)13C 13C

25 24

(1) 13C
13C

(3)

(AHMEITL 7 v ) A S SR AR O STAR

(2)13C

(1) 13C
NMR

Double-acquisition
Fukuchi et al. J Magn Reson 2008

NMR I E L2\ CTHE SRR & 2 ~ 4 151

130
~ 4 fEITHTRT D
13 CACO

Double-acquisition
13C

950 MHz NMR

Double-acquisition *C
CACO COCA CON “c-“C
TOCSY **C-'3C NOESY 3D CANCO 3D CBCACO

( 2) 130 13C

950 MHz NMR
(1)CBA%E L 7-45-7& Double-acquisition *C

13C
BC NMR
H
13C_13C

RDC PRE
13C
NMR

Ikeda et al. J Phys Chem 2011
NMR



(8)7 1 U 47 s AR DO REEARAT
(2)m 13

13C 1H

1H-15N TROSY
HSQC TROSY

AHHIEL 7 v U 7 2 RS IR O SLIRHE

10
NMR

1H-15\ HSQC
NMR

NMR

18

(1) Kyoko Furuita, Shunpei Murata, JunGoo Jee,
Satoshi Ichikawa, Akira Matsuda and * Chojiro
Kojima. Structural feature of bent DNA
recognized by HMGB1. J. Am. Chem. Soc., 133,
5788-5790 (2011).

(2) *Yuki Sudo, Rikou Tanaka, Toshitatsu
Kobayashi, Naoki Kamo, Toshiyuki Kohno and
*Chgjiro _Kojima. Functional expression of a
two-transmembrane Htrll protein using cell-free
synthesis. Biophysics, 7, 51-58 (2011).

(3) Ken-ichiro Taoka, Izuru Ohki, Hiroyuki Tsuji,
Kyoko Furuita, Kokoro Hayashi, Tomoko Yanase,
Midori Yamaguchi, Chika Nakashima, Yekti Asih
Purwestri, Shojiro Tamaki, Yuka Ogaki, Chihiro
Shimada, Atsushi Nakagawa, *Chojiro Kojima
and *Ko Shimamoto. 14-3-3 proteins act as
intracellular receptors for rice Hd3a florigen.

Nature, 476, 332-335 (2011).

(4) lkumi Kawahara, *Kaichiro Haruta, Yuta
Ashihara, Daichi Yamanaka, Mituhiro Kuriyama,
Naoko Toki, Yoshinori Kondo, Kenta Teruya,
Junya Ishikawa, Hiroyuki Furuta, Yoshiya lkawa,
Chojiro  Kojima and *Yoshiyuki Tanaka
Site-specific isotope labeling of long RNA for
structural and mechanistic studies.  Nucleic
Acids Res, 40, €7 (2012).

(5) Kumiko Kawasaki, Momoko Yoneyama,
Naoko Murata-Kamiya, Hideyoshi Harashima,
Chojiro Kojima, Yutaka Ito, Hiroyuki Kamiya
and *Masaki Mishima. 'H, °C and N NMR
assignments of the Escherichia coli Orf135
protein. Biomol NMR Assign, 6, 1-4 (2012).

(6) Kumiko Kawasaki, Teppei Kanaba, Momoko

Yoneyama, Naoko Murata-Kamiya, Chojiro
Kojima, Yutaka Ito, Hiroyuki Kamiya and

*Masaki Mishima. Insights into substrate
recognition by the Escherichia coli Orf135
protein through its solution structure. Biochem
Biophys Res Commun, 420, 263-268 (2012).

(7) Ken-ichiro Taoka, Izuru Ohki, Hiroyuki Tsuji,
Chojiro Kojima and Ko Shimamoto. Discovery
of Flowering Hormone (Florigen) Receptor and
Its Crystal Structure. Photon Factory Activity
Report, Part A "Highlights and Facility Report",
44-45 (2012). Review.

(8 lzuru Ohki, Ko Shimamoto and Chgjiro
Kojima. Structure of florigen activation complex.
SPring-8 Research Frontiers 2011, 30-31 (2012).
Review.

C) -
o SPring-8
17, 3-8 (2012).

(10)

50,
654-659 (2012).

(11) Yoshikazu Hattori, Kyoko Furuita, Izuru
Ohki*, Takahisa Ikegami, Harumi Fukada,
Masahiro Shirakawa, Toshimichi Fujiwara and
Chojiro  Kojima*. Utilization of lysine
PC-methylation NMR for protein-protein
interaction studies. J. Biomol. NMR, 55, 19-31
(2013).

(12) Rei Abe-Yoshizumi, Shiori Kobayashi,



Mizuki Gohara, Kokoro Hayashi, Chojiro
Kojima, Seiji Kojima, Yuki Sudo, Yasuo Asami
and Michio Homma*. Expression, purification
and biochemical characterization of the
cytoplasmic loop of PomA, a stator component of
the Na" driven flagellar motor. Biophysics, 9,
21-29 (2013).

(13) Jakub Sebera, Jaroslav Burda, Michal Straka,
Akira Ono, Chojiro Kojima, Yoshiyuki Tanaka,
and Vladimir Sychrovsky*. Formation of the
T-Hg"-T Metal-Mediated DNA Base Pair;
Proposal and Theoretical Calculation of the
Reaction Pathway. Chem.-Eur. J., 19,
9884-9894 (2013).

(14) Ken-ichiro Taoka, Izuru Ohki, Hiroyuki
Tsuji, Chojiro Kojima and Ko Shimamoto.
Structure and function of florigen and the
receptor complex. Trends Plant Sci., 18,
287-294 (2013). Review.

(15) NMR
NMR, 4,
93-98 (2013).

(16) Ken-ichi Kosami, Izuru Ohki*, Kokoro
Hayashi, Ryo Tabata, Sayaka Usugi, Tsutomu
Kawasaki, Toshimichi  Fujiwara,  Atsushi
Nakagawa, Ko Shimamoto, and Chojiro Kojima*.
Purification, crystallization and preliminary
X-ray crystallographic analysis of a rice Rac/Rop
GTPase, OsRacl. Acta Cryst. F70, 113-115
(2014).

(17) Hiroshi Yamaguchi, Jakub Sebera, Jiro
Kondo, Shuji Oda, Tomoyuki Komuro, Takuya
Kawamura, Takenori Dairaku, Yoshinori Kondo,
Itaru Okamoto, Akira Ono, Jaroslav V. Burda,
Chojiro Kojima, Vladimir Sychrovsky*, and
Yoshiyuki  Tanaka*. The structure of
metallo-DNA  with  consecutive ~ T-Hg"-T
base-pairs explains positive entropy for the
metallo-base-pair formation.  Nucleic Acids
Res., 42, 4094-4099 (2014).

(18) Saori Kataoka, Kyoko Furuita*, Yoshikazu
Hattori, Naohiro Kobayashi, Takahisa Ikegami,
Kazuhiro Shiozaki, Toshimichi Fujiwara and
Chojiro Kojima*. 'H, PN and "C resonance
assignments of the conserved region in the
middle domain of S. pombe Sinl protein.
Biomol NMR Assign, in press.

63

M -

NMR

2011 6 79
@ _
2011 6 79

3) NMR

NMR NMR

2011

6 2325
@ NMR

NMR

2011 7 28-29

(5)

Hd3a-14-3-3-OsFD1
Florigen Activation Complex
20
2011 9 23-24

(6) Kyoko Furuita, Yoshikazu Hattori, Takahisa
Ikegami, Toshimichi Fujiwara, Chojiro Kojima
"A novel sensitivity enhancement technique for
solution NMR utilizing long longitudinal
relaxation time", The 50" Memorial Annual
Meeting of the Nuclear Magnetic Resonance
Society of Japan, November 15-18, 2011,

Osanbashi Hall, Yokohama, Japan

(7) Yoshikazu Hattori, Izuru Ohki, Kyoko Furuita,
Takahisa Ikegami, Harumi Fukada, Masahiro
Shirakawa, Kei-ichi Yokoyama, Ei-ichiro Suzuki,
Toshimichi Fujiwara, Chojiro Kojima "Protein
Modification Method for Studying
Protein-Protein Interaction by NMR", The 50™
Memorial Annual Meeting of the Nuclear
Magnetic Resonance Society of Japan, November
15-18, 2011, Osanbashi Hall, Yokohama, Japan

(8) Naohiro Kobayashi, Takeshi Iwata, Yoko
Harano, Chojiro Kojima, Haruki Nakamura,
Toshimichi Fujiwara "New server systems based
on virtual computing for the database BMRB and
MagRO-Tools for NMR analysis", The 50"
Memorial Annual Meeting of the Nuclear
Magnetic Resonance Society of Japan, November
15-18, 2011, Osanbashi Hall, Yokohama, Japan

(9) Kyoko Furuita, Yoshikazu Hattori, Takahisa
Ikegami, Toshimichi Fujiwara, Chojiro Kojima
"A new NMR sensitivity enhancement technique
using long relaxation time", The Annual Meeting
of the Spectroscopical Society of Japan,




November 30-December 2, 2011, RIKEN
Yokohama Institute Main Office Building Hall,
Yokohama, Japan

1

2011 12 13-16

(11)

PF
2012 3 15-16

(12) Chojiro Kojima "Discovery of flowering
hormone receptor by NMR", 9™ Japan-Korea
Bilateral Symposium on Biological NMR, March
16, 2012, Hokkaido University Conference Hall,
Sapporo, Japan

(13) Chojiro Kojima "Structure-based discovery
of flowering hormone receptor", 10™ Discussions
in Structural Molecular Biology, March 22-24,
2012, Academic and University Center, Nové
Hrady, Czech

(14) -
Hd3a
21
2012 3 29-30
(15)
2012 6 89
(16)
NMR
2012 6
20-22

(17) Chojiro Kojima "Discovery of flowering
hormone receptor”, The 41st Annual Meeting,
International Symposium on the Celebration of
the 20th Anniversary of KMRS, June 28 - July 1,
2012, Jeju Poonglim Resort, Jeju, Korea

s NMR

2012 7 31 -8 1

(19) Kyoko Furuita, Yoshikazu Hattori, Takahisa
Ikegami, Toshimichi Fujiwara, Chojiro Kojima

"A novel sensitivity enhancement method for
molecules possessing long longitudinal relaxation
time", XXVth International Conference on
Magnetic Resonance in Biological Systems,
August 19-24, 2012, Lyon Convention Center,
Lyon, France

(20) JunGoo Jee, Yuki Nishigaya, Kyoko Furuita,
Rikou Tanaka, Toshiyuki Kohno, Chojiro Kojima
"Non-Uniform Sampling Applied to
Low-Concentration Protein Sample", XXVth
International Conference on Magnetic Resonance
in Biological Systems, August 19-24, 2012, Lyon
Convention Center, Lyon, France

1)

2012 9 2

(22) Chojiro Kojima "New  sensitivity-
enhancement methods for ultra-high field
solution NMR", The 3" International Symposium
on Drug Discovery and Design by NMR, October
11-12, 2012, RIKEN Yokohama Institute Main
Lecture Hall, Yokohama, Japan

(23)

NMR 2012
11 8-10

(24)
NMR e
NMR
2012 11 8-10

(25)

NMR NMR
2012 11

8-10

20)

NMR

2012 12 11-14

27)

2012 12 11-14



(28) -
2012 12 14-16
@
2012 12 14-16
(30) NMR
2013 1 9
3D Double- Acquisition Method

and Lysine *C- Methylation NMR

2013 3 19
(32)
TFL1
RCN
54
2013 3 21-23
(33)
2013 6
12-14
(34)
NMR NMR
2013
6 28-30

(35) Chojiro Kojima "Sensitivity-enhanced
protein NMR techniques developed for ultra-high
field NMR", The 4™ Symposium on Structure and
Folding of Disease Related Proteins, July 5, 2013,
Seoul National University, Seoul, Korea

(36) NMR
NMR
NMR
2013 8
5-6
(37)
NMR

2013 9 9

(38)

¢y

®

25

2013 9

KOJIMA,

50333563

FUJIWARA,

20242381

MATSUKI, Yoh

70551498

OHKI, lzuru

80418574

17

Chojiro

Toshimichi



