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High-Quality Protein Crystallization Project for Protein Structure
and Function Analyses in Support of Practical Applications

Protein Crystallization Experiments in Space
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To prepare for the full-scale use of Kibo, the Japanese
Experiment Module (JEM) that will be attached to the
International Space Station (ISS), the Japan Aerospace
Exploration Agency (JAXA) will perform a series of six
experiments in space from 2003 through 2005. These
experiments grow protein crystals aboard the Service
Module of the ISS.

JAXA is conducting this project in cooperation with
research organizations and universities that analyze the
structures and functions of proteins as part of a national
project. It is also working with private-sector companies that
seek to create genome-based pharmaceuticals. It is difficult
to grow good single crystals of proteins on the ground that
are suitable for more precise analyses. In such cases,
crystal growth experiments will be conducted in a space
environment. Afterward, the protein structures and functions
will be analyzed on the ground, and the results will be
utilized in practical applications.
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Relationship between space and the function and structure analyses of protein crystals
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Nuclear Magnetic
Resonance analysis
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Nuclear Magnetic Reso-
nance (NMR) is a method
of analyzing the structure
of proteins, utilizing reso-
nance with the magnetic
fields of atomic nuclei and
electromagnetic waves.
Magnetic Resonance Ima-
ging (MRI) is another exa-
mple utilizing the same
phenomena for medical
applications.
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Structural analysis is not possible
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Single crystals cannot be grown with satisfactory quality
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Structural analysis for proteins re-
quires an intense X-ray source to obtain
more precise structures. Cutting-edge
research is undertaken at Spring-8

where the X-ray source is one of the
most powerful in the world.

SPring-8

Significance of Protein Structure and
Function Analyses

In April 2003, it was announced that the human gen-
ome had been completely decoded. Research has
now moved to the next step, post-genome research,
which involves identifying the structures and functions
of proteins made based on genes. In order to learn
more about protein functions, it is extremely important
to clarify the three-dimensional protein structure at the
atomic level. In most cases, the structure of a protein
is closely related to its function, so in-depth analysis of
the three-dimensional protein structure is being linked
to the study of protein functions.

Human life is supported by nearly 100,000 different
kinds of proteins, most of whose structures are still
unknown. By analyzing the structures of many different
kinds of proteins and understanding how they interact
with one another, it may become possible to identify
various mechanisms involved in life phenomena. It
should also become possible to inhibit or activate func-
tions of certain pro-teins to develop new pharma-
ceuticals.

Pharmaceutical companies are becoming increas-
ingly interested in using the results from post-genome
research to develop new medicines using Structure-
Based Drug Design (SBDD).
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Through the first, second and third space experiments, JAXA launched
proteins of alpha-amylase and lysozyme to validate the developed
crystallization technique. As a result, high-quality protein crystals with the best
resolutions in the world were successfully obtained, and the structure was
analyzed closely and carefully.

In some of the proteins (e.g., sleeping and allergy material synthetase, and
proteins related to symptoms of parasite infection) provided by user
organizations, we also obtained the highest resolution data from the fine

protein crystal grown in space; this is expected to lead to pharmaceutical
development in the future.
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Crystals of alpha-amylase and electron density map(in process)
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ISS Enables Experiments in Space
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ISS is an "in-space laboratory” composed of many modules.A variety of
space experiments are currently performed in Russian Service Module and
US Experiment Module.
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The Russian Service Module “Zvezda” (meaning “star” in Russian) where GCF experiments
are conducted was launched in July 2000. Zvezda provides essential functions aboard the ISS,
such as life support, flight control, and communications with flight controllers on the ground. It also
enables automatic docking to Soyuz spaceships and Progress supply ships.
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International Space Station (ISS)
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The Service Module
is being used as
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Interior of the
Service Module
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The Progress supply ship (an improved Soyuz spaceship) is
an automated, unmanned transport ship. It transports GCF as
well as fuel, oxygen, water, food, clothing, spare units, and mail.
Progress functions as a propulsion system for the ISS by
boosting its orbit, after docking to the ISS.
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The Soyuz spaceship

Soyuz is a manned Russian spacecraft carrying crew
members and cargo from/to the ISS. One Soyuz is docked to the
ISS at all times to serve as an emergency escape vehicle. A new
Soyuz is launched every six months and replaces the old Soyuz.
Once the on-orbit experiment is completed, a Soyuz returns the
GCF to the ground.
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Protein Crystallization in a Space Environment
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X-ray crystallographic analysis, in which X-rays are reflected and scattered
from a protein crystal, is commonly used to examine the three-dimensional (3-D)
structure of large-molecule proteins. X-ray diffraction patterns obtained from the
reflection and scattering are protein-unique, so the 3-D structure of the protein
crystal can be estimated by analyzing such patterns. More accurate estimation
requires that crystals have molecules arrayed in good order. The better the
molecules are arrayed, the clearer X-ray diffraction patterns become, and
therefore, the more precisely the three-dimensional structure can be estimated.

It is difficult to produce high-quality protein crystals on the ground due to
convection and sedimentation caused by gravity, which disturb the molecule
array by causing crystals to stick to each other. In the space environment,
however, high-quality crystals with molecules arrayed in good order can be
grown in the near-zero gravity environment that eliminates convection and
sedimentation. JAXA has succeeded in growing high-quality crystals, throughout
the on-orbit protein crystallization experiments of past missions.
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Crystals grown on the ground and crystals grown in space
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No high-quality alpha-amylase crystals have
been obtained on the ground.
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Effectiveness of growing protein crystals
in the micro-gravity environment of space
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Crystals can grow undisturbed because
there is no convection current in space.
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It took only one experiment in space to obtain
alpha-amylase crystals.
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Experimental Facility for Growing
High-Quality Protein Crystals

The High-Quality Protein Crystallization Project
utilizes the Granada Crystallization Facility (GCF)
developed jointly by the European Space Agency
(ESA) and Granada University in Spain, and the
JAXA Crystallization Facility (JCF) developed by
JAXA. GCF and JCF contain 23 Granada Crysta-
lization Boxes (GCBs) at maximum and a tempe-
rature data logger.

Proteins are crystallized in space inside an
incubator on board the Service Module. When sam-
ples are returned to the ground by Soyuz, insulators
wrapped around the GCF and JCF, a thermos-like
container, isolate the crystallization inside GCBs from
fluctuations of ambient temperature.

One GCB has up to 11 capillaries, so 11 different
protein crystallization experiments at maximum can
be conducted at the same time.
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BZeHRzA (GCFR)

(A4 X:36X101X7mm)
Granada Crystallization Box
(Dimensions:33X 100X7mm)

(A X:p90x 165mm)
JAXA Crystallization Facility
(Dimensions:90Xx 165mm)

(A X:134%x134%X84mm)
Granada Crystallization Facility
(Dimensions: 134X 134Xx84mm)

Vacuum Insulator (forGCF)
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Time change in concentration of protein and
crystallization agent solution in capillary

Crystallization Method used in GCBs
(Counter diffusion method)
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GCB adopts the counter diffusion method that promotes
diffusion of protein solutions and crystallization agent
solutions in opposite directions inside capillaries through a
gel layer. Protein solution diffuses outward; agent solution
diffuses inward. This forms a slope of the two concentrations,
and crystallization starts at the point and time where the two
concentrations meet the optimum condition for crystallization.

The tube, filled with gel and fitted to the bottom of the
capillary, moderates the diffusion velocity.
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Overview of Experiments
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Progress supply ship on
its way to the ISS
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Service Module

®Experiment period: 2 to 4 months

To promote this project, JAXA is forming cooperative
agreements and signing joint contracts with organizations and
universities researching the structures and functions of
proteins as part of a national project. JAXA is also seeking
cooperation with private-sector companies striving to create
genome-based pharmaceuticals.

First, protein crystallization conditions are investigated using
the counter-diffusion method based on ground conditions
provided by the contracted research groups. Appropriate expe-
riments are then conducted on the ground. The results are sub-
sequently used to determine the conditions for filling the GCBs
with protein and crystallization agent solutions for the experi-
ments in space. After that, the GCBs are loaded onto the GCF.

With the support of RSC Energia Co., Lid., of Russia, this
experiment facility is launched into space aboard a Progress
supply ship from the Baikonur Cosmodrome in Kazakhstan.
When the GCF reaches the ISS, it is installed inside the
Service Module where it is used to grow protein crystals for
two to four months. The GCF is then loaded onto a Soyuz
bound for Kazakhstan.

The protein crystals in the GCF are shipped to Japan, where
they are divided among various contracted research groups.
They obtain data needed for structural analyses, assess the
quality of the crystals, and analyze the three-dimensional
structure of the protein.
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Retrieval by Soyuz spaceship
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High-quality protein crystals
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that flexibly respond to users’ needs.
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Protein crystal obtained during
the flight of JAXA's first
crystallization experiment

X-ray diffraction image
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