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Research Base Initiative of Space Science of High Quality Protein Crystallization
Technology Project

Yoshihiro URADE

Abstract

This project aims to create a research initiative of high quality protein crystallization technology under a microgravity
condition of the international space station (ISS). This technology has been developed in Japan through almost 20 years of
effort and obtained many outstanding results, including development of orphan drug for patients with Duchenne muscular
dystrophy, which is highly reputed from NASA and Boeing. The enzyme-utilizing and/or drug-developing companies in Japan
strongly wish to use this technology, waiting for its maturation for applying to their product development. Although both the
technology and the demand exist in this field, we have problem in a talent raising system. The technology was developed by
individual labs and maintained within each lab, yet not shared with other labs. Therefore, a high barrier exists for young
researchers to use, develop and diffuse the technology further. To solve these problems, we focused on three tasks in this
program: (1) formulation of the technology platform, (2) technology transfer from senior to young researchers, and (3) building
up the international and industrial network. In 2015 and 2016, we created a homepage of this research initiative
(http://www.spaceprotein.com) and organized workshops for young researchers 7 times and international symposia and
workshops twice. Through those activities, we have educated almost 150 young researchers for these 2 years and expanded

the size of research initiative from the charter members of 6 to 30 and more at the end of 2016.
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Fig. 1 Members of Research Base Initiative of Space Science of High Quality Protein Crystallization Technology
Project When we started this project in 2015, we have only six organizations. Now, many universities,
public institutes and companies joined to this program. Many foreign organization also joined us,
expanding the community to the international base.
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2"d Space Experiment Workshop
MARUWA Foods & Biosciences Inc.

Fig. 2 The 2 Workshop of Space Protein Crystallization Technology. In Sept. 24t -25th 2015, we organized a
2-day workshop for space protein crystallization technology. In this workshop, the young researchers sent
their samples of crystallization to Dr. K. Inaka, MARUWA Foods & Biosciences Inc. (the left end of the
lower left photo), and Mr. H. Tanaka, Confocal Science Inc. These senior industrial researchers repeated
the same procedure as that used by each junior researcher to crystallize protein and suggested
modification of the protein purification or the crystallization condition to improve the success rate of space
experiments.

EU Lab Course of Protein Crystallization
By Terese M. Bergfors, Senior Scientist, Uppsala Univ., Sweden

Fig. 3 EU Lab Course of Protein Crystallization. In Oct. 27t -28th 2015, Ms T. M. Bergfors, Senior Scientist,
Uppsala Univ., gave a two-day lecture and workshop, which she often deliver in EU, to introduce protein
crystallization technology for beginners.
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From Kanto Region to Kansai Region

Kanto Region
Young Scientist Workshop
27" Aug. 2016
in KAST

Fig. 4 The 5t (right) and 6t (left) Workshop of Space Protein Crystallization Technology. In 2016, to expand the
effect of raising talents, we organized the workshop not only in Eastern (Kanto) area but also in Western
(Kansai) area. Particularly, the workshop in Kansai area was jointly held with the JST project to teach
many young researchers the benefits of space protein crystallization technology to humanity.
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The 1%t International Symposium and
Workshop for Space Protein Crystallization

1. Valeriya Samygina
Institute of Crystallography

RAS, Russia i

2. Joseph David Ng
University of Alabama,
US.A

3. Terese Maureen Bergfors

Uppsala University,
Sweden = as]
I

4. Hideaki Ogata
Max Planck Institute

Germany -

S. Katsuo Tsukamoto
Osaka University
Tohoku University

6. Satoshi Furukawa
JAXA

Fig. 5. The 15t International Symposium and Workshop of Space Protein Crystallization Technology. Every year

Japanese researchers conduct space experiments in Russia and the United States. It means that we
obtain many international support. Therefore, we have to give young Japanese researcher a chance to
connect with the international network and become involved in an international environment.
In Oct 26th and 27 th, 2015, we invited Mr. S. Furukawa, Japanese Astronaut, and 5 scientists from Russia,
United States, Germany, Sweden and Japan to organize our first international symposium and workshop.
This symposium was a historical event in Japan to discuss how the space experiments benefit the
humanity, together with foreign protein researchers involved in space experiments.

The 2" International Symposium and
Workshop for Space Protein Crystallization

Naoko Yamazaki

Former JAXA Astronaut Univ. of Housten

Member of Committee on
National Space Policy

Edward Snell Katsuo Tsukamoto
President and CEO Osaka Uniwv.
Hauptman-Woodward Tohoku Univ.
Med. Res. Inst.

Fig. 6 The 2n International Symposium and Workshop of Space Protein Crystallization Technology. In Oct 20th
and 21th, 2016, we invited Ms. N. Yamazaki, former Japanese Astronaut, and 3 scientists from Japan and
United States to organize the 2" international symposium and workshop. Through these events, we
expanded the international and industrial network for young researchers.

340102-6



T R

DFHERESOIKRICET 2w E T2, 717 —0
LOERBEZIHEIN, HRAFEZ +—7 L0 EEHHRF
NoHa YT EOFHERBBOKBIZONTORMN BIT
bk, Bo® v v T, BARE CaTERKS),
R (REARS), HHERE (FIIRY) Hl#E (K
MRT), IHESRT (FENBEEA T 77 I —F9ER),
A GRRRT: - FHEBE) D 6 4 OB FIFEE 1T
W EER A O FER R 2 53R LTe. RrICHE BT 03 1
SROEE & EHEENT 5 2 S kY, FHELERRE
FROMFEERED DI ABICEIBRL TV D2 REES
LI ENTE, MMEOERITHT 2T E - 72,
kB L7zt 0B ERREEMAR L ORREED D
720, H1EEES VRS ADBREFE 2E VRO Y
LORIBICEHEY —7 v a vy 72 L. EEC R Y
U LTSN & ENEREEEE 2 P D & T DK T
W L2y, U—27 v a v P TIIARFEDORR A R —D
FREPLE LT, WAOHEMFIZ AAROHFIRNG % BRfiF
SHAN AR A GRS D 72 O IEAB TIT e Wl oD CTIEF 72
ERNTE-.

EES ROy A EEBEY —27 v a v T EBE LR
BELT, UFTo4EBZHITFONS.

1) A7a 77 A [ESEE B R OFEHR I
WA OEBREENTEZ. BAOTHBIEE
RO L~V O & & EBEIICS S5 2 L3 TE L

2) EAN LW OFEME O AR, HFRFZEORmIZ
SR ONSIAY

3) V=T MRENE WA T TE T TE I EBER v
NU— 7 R E GRS D D LR TE .

4) N OHEMAFORKIZL Y, FHEEERDONICA
HICHER L CXTZONEETHRENFEFL, oI

THERICHTAEEAE L-EDZ ENTE. s,

FHAFEEBROMERZWIITRT 57, FEIh
ToREBR L L, R EIRA D Z LR TEI

4. BHYIZ

I BOIEENAZE U T, 4] 6 HEBI B I IR ITEN
sh 30 BHEBNCHER LIz, LT, MxRIFESHESD
BMEIZ LD, EREETAOETMIELE CHI LN TE
7. 5%, FHERO ) oD BEH LR OT — 4 ~—
Az XD FEESEDZ LT, 2024 4FE TOEREY I IE S
NEEEFHEAT—va Y OFAMEE S, L& ok
B EOF A ITEILEND Z L2 HFFT 5.

B, BUEOFIEMEE L LT, BIRKE & o, [EES
U— g v TRERES IR A & EE, T
BLORME & BIE, B L= VOMEOEEE BV LIZE
BHUEEH L ET. X, Fv o747 - RV TL, $HllEE
%2 [DEES VAR T T MW, FIlHkx 2T DB
IR SCERYE - AFZEBRR )R - FEEEBRTSEE - e sivins
FOWAFIRGREARE, AR OEE I T2, [F=
OERAREE, BRGERE, WRERE, KO, Mk v s—odk
A5 LRFFRED S 2 B L E T

HEE
AT, SCERHEE ORFLHERE TR EE B ER A
B OFHB A FIATERL) (XD FohboTT.

SE Xk

1) A. Nakamura, T. Ishida, K. Kusaka, T. Yamada,
S. Fushinobu, I. Tanaka, S. Kaneko, K. Ohta, H. Tanaka,
K. Inaka, Y. Higuchi, N. Niimura, M. Samejima and
K. Igarashi: “Newton’s Cradle” Proton Relay with Amide—
imidic Acid Tautomerization in Inverting Cellulase
Visualized by Neutron Crystallography, Science Advances,
1(7) (2015) 1500263

340102-7



