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What is Protein ?

Protein: Originated from a Greek word
rporsiw(prima materia)

Named by a Swedish Chemist,
J. J. Berzelius in 1838.
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What is Protein ?
Central Dogma in Molecular Biology

_RNA Amino acids chain

- S S S —
—

DNA maintains the life information, and Protein is a physical and
chemical entity that is expressed following the DNA information




® W ORLDWIDE Worldwide
,ﬂ-ﬂ —— % = i
J i i'_\lyl » QI% Protein Data Bank
Protein Data Bank Japan PROTEIN DATA BANK i

Foundation

What is Protein ?

Protein: Molecular chain composed
of 20 different amino acids, based
on the genome information (amino

acid sequence)




Structure and Function of Proteins

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

Specific molecular
recognition of
proteins

Key and Lock
model

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

Protein structure is flexible

A protein changes the structure upon binding
to its partner

Structural change is dynamic
Protein functions with its structural change

HIV protease (2pc0, etc) ETS transcription factor (1gvj)
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Structure and Function of Proteins

Molecular model :

Checkpoint kinase-l
(2cgu)

Designed by Prof. Masaru
Kawakami (Japan Advanced
Institute of Science and
Technology)
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Protein Structure Databank: PDB

* International Database
collecting all the structure %
information of biological < 4 ®. -
macromolecules: Data Bank ¥ ‘

* Information is used publicly
and freely by researchers,
teachers, students, and
industries (380 million downloads

. Funded by research grants """
by USA, EU and Japan
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. X-ray Crystallography

Crystal — X- ray dlffractlon — Electron den5|ty map — 'Atomlc model
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* Nuclear Magnetlc Resonance (NMR)
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Protein Structure Databank: PDB

SPring-8
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: 950 MHz NMR
spectrometer
with super-
conducting
magnet




PDB]J GPDE (g rth

Foundation

Protein Structure Databank PDB

PDB History

1960s: Protein crystallography started
Myoglobin, Hemoglobin,

MaxPoruiz& |
Lysozyme! etC John Kendrew (Nobel

1970s : PDB started with 7 data Prize in Chemistry, 1962)

(October, 1971) at Brookhaven

Protein Data Bank

National Laborato ry, U S A o \',‘.‘:T.‘f.i'-'f.lf.,,.‘ - ..'.EI' Q"S}Zl’.’

ated josntly by lh-c Crystallographic

Data Centre mbr l ..rul the

IPR-Osaka Univ. determined The s will b responine o

--rn;.:--rm‘.umldlnl S, sructure
tors and clectron density maps

13CTO
- - and will make thewe data availlable
cytochrome c and deposited it to PDB | = oo
on magnelic Lape in machmne read
able form whencver potu cre

Magnetic tapes were distributed

cerved. The total holding will be
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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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Bnan Ke Kob|lka &
Robertylierk wi@z

Nature, August 2011 NEWS

It’s all about
the structure

Formorethan 20 years, Brian Kobilka worked to create a portrait
of a key cell receptor. Sometimes, the slow, steady approach wins.

BY LIZZIE BUCHEN

 Photo: Stewart Waller | PR Newswire, © HHM!

S REMESENA S

rian’
wummm@umnmmmsmm has nnmyuumwmmr In2007, mmnmd m
cisco, California. last May. But after
home, he headed straight back to the airport and hnrmnm Inrmmymily!nmdmm:nmzﬁnmz
forChikagn Tlinols. Oncethere Advisced Chic
anyGPCR in protein’.
X buaz-
KobLla.a bochemitat Sanford UnhverstyinCalforna, - ingaboutaNobelprize. “Butfthey do g o i 1
says Henry Bourne,
le, th pmﬂnm:m-tm:a{m:nmvnﬂtynfmﬁnmil San
keycell The Francisco, who worked on G proteins and has known
1980s. Kobilka loathes the limelight, and
had started some 20 years before. is renowned as much for his shy modesty as his ability
‘Nearly every function of the [ to crack impossible protein structures.
sight and smell to - ‘When I met Kobilkaat hisStanford office, he
cation, depends on G-protein-coupled receptors accepteda quickhandshake,
(GPCRs). Lodged in the fatty membranes that 4@ s eyes, and reluctantly offered me

surround cells, they detect hormones, odours, aseat across from him at his desk.
He stared anxiously at the glowing
red light on my voige recorder. He is
“desperately fearful” of talking to the
press.hesays. his voice breaking, and only
agreed to tak because he "wanted to make
surethat the contribidions of my aband
collaborators are recognized™
He is 50 fearful, 1n fact, that it is
almost impossible to draw much out
from him. When asked why he is
0 captivated by GPCRs, Kobilka
y ¢ struggles fot an answer. Tm
S, | Just inherenty fascinated

to understand how this cen- @
tral cellular communication

system works, and could help
drug-makers to design more

treatments B, > by these potens. [ dorit
‘The structure and workings know. 1 just
of GPCRs have been overriding how they ok e says.

obsessions of Kobilka for mostofhis
professional ife. For much ofthis, he had
little company, as the proteins were widely
considered too complex and unwieldy ta be

stabllized ascrystals a prerequisite for structural

really
sph h Bourne says that “Brian is a fasci-
and activating a G protein (red, gold and green). nating character. He's so driven, and »

PDBID
3sn6
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€301 Masrillan Fublishars imived, Al ights resarved
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Protein Structure Databank: PDB
&; ﬁlﬁlﬁ The worldwide Protein Data Bank

PROTEIN DATA BANK www.wwPDB.org * info@wwPDB.org ‘f
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Research Collaboratory for
Structural Bioinformatics
www.pdb.org

Protein Data Bank in Europe

= PDB)

Protein Data Bank Japan

BMRB Protein Data Bank Japan

BioMagResBank www.pdbj.org

www.bmrb.wisc.edu




wwPDB Foundation (Founded in February, 2010)
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Helen Berman President

Stephen Burley Chairman of the Board

Gerard Kleywegt Vice President

John Markley Vice President

Haruki Nakamura Vice President

Martha Quesada Executive Director
Secretary

Treasurer




Blg data Data intensive Science
A new paradigm in science

Experiment, Theory oo

Third Paradigm:
Computational Science

@ 10 PF

Fourth Paradigm: 16 20 pF 08
Data-intensive Science (Sequoia)

Wisdom :
Knowledge DIKW pyraml_d i
Information (J. Rowley: The wisdom hierarchy,
Data 2007)
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Big data: Data intensive Science

“Semantic Web” for construction of DIKW pyramid

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

PDB

cnme | e ) \neroes s of Sapremaer 2018 @D @
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Application to Drug Discovery

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

Viracept: agron, Agenerase: vertex & USA-Kissei

AIDS Tamiflu/Neuraminidase

Target: HIV-1 protease 2qwk) o f
Gleevec :Novartis 7y

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




ka University and PDB]j

IPR: Institute for Protein Research, Osaka University

* in 1958, founded by Director Shiro Akabori e
as an inter-university joint-use facility

e in 1972, the first crystal structure of a protein
(1cyc) was determined by Masao Kakudo,
6t" Director ;

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

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

Molecular biology ¢

6th Director
Masao Kakudo
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PROTEIN DATA BANK

IPR Osaka University and PDB]j

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

PDBj / PDBj-BMRB staffs (April 2012)
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Activity and Usage of PDB;j

« “Data-in” activity, common in all the
wwPDB members with high quality
control

e “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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Activity and Usage of PDB;j
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Processed Data number

10000

0

B Processed total at PDBj (19,513, Oct 2012)

B All available PDB data (85,058, Oct 2012)

JJJJ”””

j

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

year

PDBj curates and processes about a Quarter of the
deposited data, mainly from Asian and Oceania regions
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Activity and Usage of PDB;j
http://pdbj.org/
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Activity and Usage of PDBj

Amino acid sequence (FASTA)

PDB;j * :

English Statistics Help FAQ ContactUs 20e 5 ”i"pl cifl o[rg_l_)jMLlDdbmlpluslhsn _seq_data/1gof_seq.txt
=2  fip:/ /ftp.pdbl.org/ XML/pdbmiplus & Q-
Home PDBj (Protein Data Bank Japan) maintains a centralized PDB archive of macromolecular structures and provides integrated tools, in collaboration with the
D RCSB, the BMRB in USA and the PDBe in EU. PDBj is supported by JST-BIRD. >1GOFA:GALACTOSE OXIDASE
Data Deposition >> A ATSRENWAVTCDSAQSGNECNKAIDGNKDTFWHT TYTIDMK
.~ S DE TTQNVNGLSMLI IGRHEVYLSSDGT? TTKYSNFETRP
eposition > ARYVRLVAITEANGQPWTS IAEINVFQASS Y TAPQPGLGRWGPTIDLPIVPAARAIEPTS
e Mine Summary [1gof] About PDBj Mine CAVLHS T A RO PTG Ve DR S Cog B
DA Update Information v DSWI P YQSSATMSDGRVFTIGG:
KVNPMLTADKQGLYRSDNHAWLFGHKKGSVFQAGPSTAMN
Search >> GNAVMYDAVEGKILT SDATTNAHIITLG
Search PDB [Sumary]("Structural Details | Experimental Dotails || Functional Details | Sequence Noighbor || Download/Display | External DB / ekl el S A e e s b M
(Mine/xPSSS) POBID or K d e ATRPKITRTSTQSVKVGGRITISTDSS ISKASLIRYGTATHTVNTDQRRI PLTLTNNGGN
Latest Released Search o Kepword_ ] (sl / ¥ GYWMLFVMNSAGVESVASTIRVTQ
Sequence-Navigator
gl';mre“av'gam PDB ID 1gof sequence information (FASTA formal] | download PDB format file |
eSAW
Descriptor GALACTOSE OXIDASE (E.C.1.1.3.9) (PH 4.5)
Ligand Binding Sites
(GIRAF) Title NOVEL THIOETHER BOND REVEALED BY A 1.7 ANGSTROMS
EM Navigator CRYSTAL STRUCTURE OF GALACTOSE OXIDASE
Search NMR Data (BMRB) Functional Keywords OXIDOREDUCTASE(OXYGEN(A))
Status Search Biological source Hypomyces rosellus
Sorice aiid Soiware s Cellular location [UNP - Q01745] Secreted lara) PRIy
Total number of &
jV: Graphic Viewer - zof-/
f polymer chains 1 oF-site 1gof-A

Protein Globe
Total molecular weight 68785.9 (the details in Structural Details Page)

ASH no rotation) More images
MAFFTash Strisctiire Viswers Authors E::Ief:sezr;llelps‘ g% 5311 -‘3!1<;1owles P.F. (deposition date : 1993-09-30
S ¥3mel fto, N. , Phill SiE. ; St C., Ogel, ZB. , McPh M.J
= v3a Fquire o, N., Phillips evens, C_, Ogel, cPherson

Structure Prediction >> Java(TMPIug-in 1.5 or later) Keen, JN., Yadav, KD. , Knowles, PF

CRNPRED rimary citation No_vel thioether bond revealed by a 1.7 A crystal structure of galactose

Spanner oxidase.

SFAS Nature, 350:87 - 90, 1991.(PubMed : 2002850) (DOI

10.1038/350087a0)
Derived database >> ExperimeMgl method  X-RAY DIFFRACTION ( 1 7[A] )
eF-site/eF-seek/eF-surf
= Other Databas® CATH, CE , FSSP, SCOP , VAST , UniProt ( Q01745 ) eF—sne/_
Information KEGG (EC 1.1.3.9), EzCatDB , PISA, PQS ® Defaukt O CPK

ProMode

Proton acceptor
Swiss-Prot : |

Data viewer at I

http://pdbj.org/

Molecular surface DB: eF-site
http://ef-site.hgc.jp/eF-site/
Graphic viewer: |V

iy Aosiet Launcher version 8]

group  Ochain atom




DBJ CPDEBE Provun Dac Bark http://pdbj.org/eprots/index_ja.cgi

Protein Data Bank Japan PROTEIN DATA BANK Foundation

Activity and Usage of PDB;j

eProtS: Compact articles for protein structures

and functions both in Japanese and English
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LN —FEF->TOAD TN RBED 35N 5. ABFOE U THIAS O U THLDhWAFIRE A F I EHENBEAF I AREDALT I —FOD
W CH D LDLAEDS, RO:ASOE LTI ZOEAF U LA ACBZROH-THY. OO U2 7S5 ACBERH- TS
(PDBMine:1EMY). TD LI BZ RO - TLAICHH S TRER SH/HHLER O 450 L EIFERITHT LS.
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MoM: Monthly articles by Dr. David S. Goodsell,
translated into Japanese by PDBj staff

4 B 4% F (Molecule of the Month)

Z D% HIRCSBAD David S. Goodsellfd +-|Z& %I Molecule of the Month) B AREEICERL 16D T, H ETHEBL - THIARCMb 20 FEE0 Eis
WEF = 2(PDB) BT, HaES 1Sl CRAL TAZEHL ThHE 9. 8288 S RIC DL TIZ IR ECE T &b,

ja:BREBERRIR(PDBY  en: XA UFILAR(RCSB)
—E: 2ROWLLE  7ILoroHE BHEIE AFIUR
2012 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000

154 [jalen]:2012/10:-2 T &5[EIE5( Citric Acid Cycle}

153 [jalen] :2012/09:K°)LE L EERR K EB5 18 & R (Pyruvate Dehydrogenase Complex)

152 [jalen] :2012/08 FRIFAMPHETFIEE D B') L 85{LB5E (cAMP-dependent Protein Kinase, PKA)

151 [Jalen] :22012/07 L RFH F 57 =0 K2R R )| ZEziBE5E (Hypoxanthine-guanine phosphoribosyltransferase, HGPRT)
150 [jalen] :2012/06: 25+ F 1,5 25,7 (Sliding Clamps)

149 [jalen] :2012/05:L. ZF . »(Leptin)

148 [jalen] :2012/04:.RasEHB E(Ras Protein)

147 [jalen] :2012/03:0F <, (Rhodopsin)

146 [jalen] :2012/02.7% /5" ) 33 FFRIE$HE (Aminoglycoside Antibiotics, 7= /ECIB(FFINENE)

145 [jalen] :2012/014ZHRNAD+ v FH28(Messenger RNA Capping)

144 [jalen] :2011/12:38 &1FI(Complex |. NADH -+ /L L@ EidE)
143 [ja|en] :2011/11:TollH¥2F i (Toll-like Receptors)
142 [jalen] :2011/10:PDBM5e8E:E7-5 (PDB Pioneers)
141 [ja|en] :2011/09:0-GlcNACEZI$B$E( O-GIcNAC Transferase, O SRIB-N-7 2 FIL 5 )L Ot = 4ZI5E5E)
140 [jalen] :2011/08:0 A4 F7OF 7 —tZGlpG(Rhomboid Protease GlpG)
139 [jalen] :2011/07:-DNAAF I +S5202 75—t (DNA Methyltransferase, DNAAF )| BZi5853)
_‘;_Eﬁ 138 [jalen] :2011/06:5 )l ./ B¥8%5%E (Glucansucrase)
137 [jalen]:2011/05:3, 200 4 beq(Cytochrome beq)
136 [jalen] :2011/04:3 /5 r(Nanobodies, & —F i)
135 [jalen] :2011/03: 55—t (Integrase)
134 [jalen]:2011/02:4~ 5 %") /{Integrin}
133 [jalen] :2011/01-—ER{tEZSHMBIFE (Nitric Oxide Synthase. NOSRIBIER)




4 B M 4% F (Molecule of the Month)

—(MHX—/13 RCSBM David S. Goodsellid 1= L% Molecule of the Month) 2B AREEICERL-ODTT ., &xdk- S IAICOWTIZ FIAREIE B TS,

MSAOHFI—RIIESD / ZOiLBORCSBA)IFILY (H(FEB)ERD

2012/10: No. 154
21T 0] & (Citric Acid Cycle)

21 BE[ORE citric acid cycle)|3 JL 72 BIF(Krebs cycle) . ')Al
A BEERE (TriCarboxylic Acid cycle. TCAY A2)L) &6 N TWBERS
O, RO P LEVEIETHY., TRILF —EELESHRO@E
BICBWTELAIFBER-LT WS, ZODIFET AFIBR 553 (glycolytic
enzyme) PG E - IBNRHERIT R DY, ZOBIEHSATPE D B
DMERREN S, FIESMRTICE W THP LAV ETFRE - THY, 73/
E87LE D D FHEERDICEHN S PRIFFHLEISL TW5 . 21 B80RE %3]
DHEED. BELZEIST ORI T BEEEDLWLIBRO—8T
bAaLSN D ZCICIF PEEH O EMDSESN - BHERT .

800 &

DT UBCIRE R T D8 DD RITTIZ D&% n 71 A+ o OFkE )
(oxaloacetate) HAtIR &L TR VSN S . QG . COFFH OB 712
FILE(acetyl group) HMINIEN TIEE 5. iRICSERENFIT 7 2 FIL B
STEIIHBRINTAF Y ORED BUSEN D CORDFHROY A D)VIC
EONDPFITTD. 120 EMFOIERRERMEL TL(HHLIIT. =T
CARICERGLDOTIZNE N, Z7BEOEY . BERIZ A+ OB EEFIL
B L THIAL. PEFILEDF D200 RER FEAME T EHTE
BDINITHD LU S H FPORERRERTFESAVICIRRT 541
&Y. RERFITAOIOEICANBD-TWAI D ol ElL. &
B A0, T B8 kB E (carbon dioxide) L THE TN 2200 RERTF
IZ. 7EFIEBROODTIZEC tr 7+ OFBEO —BTH-7-0D
1ol ZLT . ARORETII. w2 7 FI BORETH 1D
HUREFRATINTAFY OFEES BEMIN DD,

:£JR ITi%=+4 (PDB))
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