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What is Protein ?
Protein: Originated from a Greek word 
（prima materia)

Named by a Swedish Chemist, 
J.  J. Berzelius in 1838.



Central Dogma in Molecular Biology

Protein

DNA    mRNA Amino acids chain

DNA maintains the life information, and Protein is a physical and 
chemical entity that is expressed following the DNA information
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Protein: Molecular chain composed 
of 20 different amino acids, based 
on the genome information (amino 
acid sequence)

Back
bone

Side-
chain

Ala

ValGly Phe

Trp

Pro

What is Protein ?



Structure and Function of Proteins
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Each amino acid sequence produces unique tertiary structure
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Antibody

Proteins have 
unique and specific 
functions
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Specific molecular 
recognition of 
proteins

Key and Lock
model

Complex of Trypsin (Green)
and its inhibitor protein 
(Orange) (PDB-ID: 2ptc)

Structure and Function of Proteins



HIV protease (2pc0, etc) ETS transcription factor (1gvj)

Protein structure is flexible
A protein changes the structure upon binding 
to its partner
Structural change is dynamic
Protein functions with its structural change

Structure and Function of Proteins



Molecular model：
Checkpoint kinase-I
(2cgu)

Designed by Prof. Masaru 
Kawakami (Japan Advanced 
Institute of Science and 
Technology)

Structure and Function of Proteins



Protein Structure Databank: PDB
• International Database 

collecting all the structure 
information of biological 
macromolecules: Data Bank

• Information is used publicly 
and freely by researchers, 
teachers, students, and 
industries

• Funded by research grants 
by USA, EU and Japan

Deposited from

Used by
(380 million downloads 
in 2011)



• X-ray Crystallography

• Nuclear Magnetic Resonance (NMR) 

• Cryo-Electron Microscopy

Protein Structure Databank: PDB

950 MHz NMR 
spectrometer 
with super-
conducting 
magnet

SPring-8
synchrotron

Crystal → X-ray diffraction → Electron density map → Atomic model
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Protein Structure Databank: PDB
PDB History

1960s: Protein crystallography started
Myoglobin, Hemoglobin,
Lysozyme, etc

1970s：PDB started with 7 data
(October, 1971) at Brookhaven
National Laboratory, USA
IPR-Osaka Univ. determined
cytochrome c and deposited it to PDB
Magnetic tapes were distributed

Max Perutz & 
John Kendrew (Nobel 

Prize in Chemistry, 1962)



Protein Structure Databank: PDB

1980s：Rapid data increase (IUCr recommendation
“Data deposition to PDB is mandatory for
paper submission to journals”)

1990s：RCSB-PDB started in USA
2000s：Foundation of wwPDB (worldwide PDB)

Further many data by structural genomics
2010s：New methodologies are applied

More than 85,000 data
Towards “Big Data”
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Nature, August 2011

PDBID 
3sn6



Protein Structure Databank: PDB

Kleywegt, G    Markley, JL

Berman, HM  Nakamura, H



wwPDB Foundation (Founded in February, 2010)



Experiment, Theory

Third Paradigm:
Computational Science

Fourth Paradigm：
Data-intensive Science

Sir Isaac Newton
(1642-1727)

A new paradigm in science

10 PF

16 → 20 PF
（Sequoia）

DIKW pyramid
(J. Rowley: The wisdom hierarchy,

2007)

Wisdom
Knowledge
Information

Data

Big data: Data intensive Science



Linked Data: Automatically link distributed data on internet
http://linkeddata.org

“Semantic Web” for construction of DIKW pyramid

PDB

Big data: Data intensive Science



Viracept: Agron，Agenerase: Vertex & USA-Kissei
AIDS
Target：HIV-1 protease

Gleevec：Novartis 
Chronic Myeloid Leukemia
Target：BCR-ABL, Tyr kinase

Iressa：AstraZeneca
Lung cancer
Target：EGFR, Tyr kinase

Tamiflu： F. Hoffmann-La Roche, Gilead Sciences
Influenza virus
Target：glycosidase

(SBDD: Structure Based Druｇ Design
SGDD: Structure Guided Drug Development)

Application to Drug Discovery

Tamiflu/Neuraminidase
(2qwk)



IPR Osaka University and PDBj
IPR: Institute for Protein Research, Osaka University
• in 1958, founded by Director Shiro Akabori

as an inter-university joint-use facility
• in 1972, the first crystal structure of a protein 

(1cyc) was determined by Masao Kakudo,
6th Director

• in 2010, assigned as one of the Joint Usage/
Centers by MEXT, Japanese Government

20 laboratories, covering X-ray crystallography,
NMR, Bioinformatics, Biochemistry, and 
Molecular biology

1st Director
Shiro Akabori

6th Director 
Masao Kakudo



IPR Osaka University and PDBj
Protein Data Bank 

Japan
日本蛋白質構造データバンク

http://pdbj.org/

PDBj top pages in Japanese, English, 
Chinese, and Korean

Since 2001, PDBj has 
worked with the 
support from JST-BIRD 
and JST-NBDC

PDBj / PDBj-BMRB staffs (April 2012)



Activity and Usage of PDBj
• “Data-in” activity, common in all the 

wwPDB members with high quality 
control

• “Data-out” services, characteristic 
at each wwPDB member site except 
common ftp-site data. Service tools 
and derived databases are available   
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PDBj curates and processes about a Quarter of the 
deposited data, mainly from Asian and Oceania regions 
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Processed total at PDBj (19,513, Oct 2012)
All available PDB data (85,058, Oct 2012) 
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Input Keywords Search Result page

http://pdbj.org/
Activity and Usage of PDBj



http://pdbj.org/

Graphic viewer: jV
http://pdbj.org/jV/

Molecular surface DB: eF-site
http://ef-site.hgc.jp/eF-site/

Amino acid sequence (FASTA)

Data viewer at PDBj

Activity and Usage of PDBj



eProtS: Compact articles for protein structures
and functions both in Japanese and English

http://pdbj.org/eprots/index_ja.cgi

Activity and Usage of PDBj





MoM: Monthly articles by Dr. David S. Goodsell, 
translated into Japanese by PDBj staff

http://pdbj.org/mom/

Activity and Usage of PDBj





PDBj (Protein Data Bank Japan）staffs wwPDB members

Stephen K. Burley
Helen M. Berman
Gerard Kleywegt
John L. Markley

PDBj Advisory Board members

Soichi Wakatsuki (KEK)
Genji Kurisu (IPR, Osaka U)
Tsuyoshi Inoue (Fac. Eng., Osaka U)
Masahiro Shirakawa (Fac. Eng.,

Kyoto U)
Yoshitsugu Shiro (RIKEN Harima)
Kei Yura (Ochanomizu U)
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