@®List of research subjects

Key technology developments
Research subject

Development of advanced praducﬂun technologies for target
proteins

Development of novel affinity tag system for the high-quality
production of extracellular and membrane proteins

Development of innovative methods to support membrane
protein aryatailrzatmn

Antibody production for membrane protein crystallization

Development of the a}rnchratran beamlines dedicated to the
measurement of micron-size protein crystals

Structural analysis of membrane protein complexes b’f
solid-state NMR

Diversification of protein structural analysis technologies by the
SAIL method

Establishment of chemical library and development of protein
regulation technology

Creation and management of information platform in Targeted
Proteins Research Program

Structural bioinformatics for modeling protein complex
structures

Principal investigator

Shigeyuki Yokoyama

Junichi Takagi
Hiroaki Kato

So Iwata

Soichi Wakatsuki

‘Toshimichi Fujiwara

Masatsune Kainosho
Tetsuo Nagano
Hideaki Sugawara

Kei Yura

Investigations of fundamental biological phenomena

Research subject

Structural and functional studies of bacterial type Il and type IV
protein export systems

Structural basis for dynamic formation and mechanistic actions
of huge and complicated proteolytic machinery

Structural basis of Atg proteins essential for autophagy

Structural biology of transcription factors and histone
rnadiﬁcatlan factors

Structure and function of voltage-sensor domain proteins

Structure-function analysis of protein complexes that regulate
vesicular traffic

Structural basis of Atg proteins essential for autophagy

Structural basis of sensor system for cytoprotective gene
expression raapandlng to carcinogens and oxidative stress

Solid-state NMR investigation on functional and [rragular
structures of H* -ATPsynthase Fg

3D structural and functional analyaaa for aluau:iatmn of the
mechanism of mitochondrial respiration

Towards structure-based design of novel inhibitors for
V-ATPase

Elucidation of the mechanism of high-order cellular functions
achieved by non-coding RNAs

Principal investigator
Katsumi Imada

Keiji Tanaka

Fuyuhiko Inagaki
Yoshifumi Nishimura

Yasushi Okamura

Soichi Wakatsuki

Masayuki Yamamoto

Hideo Akutsu

Shinya Yoshikawa

So Iwata

Osamu Nureki

Contribution to medical and pharmaceutical sciences

Research subject

Structural analysis of molecules related to the innate immune
system

Drug discovery-oriented analysis for structure and function of
DOCK2 signaling molecules

Study on reactive oxygen-producing systems involved in neural
cell death and structure-based discovery of their inhibitors

Structural analysis of y-secretase complex for the development
of the treatment for Alzheimer's disease

Development of anti-trypanosome drugs targeting nucleotides
biosynthesis and red-ox regulatory pathway

Structure-based functional analyses and development of drug
intervention in metabolic syndrome and diabetes -
AdipoR/AMPK/ACC as key targets -

Structural and functional analysis of a molecular target FROUNT
for drug discovery

Development of new compounds for fibrosis therapy

Structure and drug development of NPP family members
involved in cancer and various diseases

Structural and functional analysis of semaphorins and their
receptors

Principal investigator
Shizuo Akira
Yoshinori Fukui

Hideki Sumimoto

Taisuke Tomita
Kiyoshi Kita

Takashi Kadowaki

Koji Matsushima
Junn Yanagisawa
Junken Aoki

Atsushi Kumanogoh

Applications to food production and bioremediation, etc

Research subject

Structural and functional analyses of signaling proteins for insect
control

Structure-based functional analysis of key enzymes that can be
applied to production of antibiotics and other useful compounds

Structural and functional analyses of transcriptional regulatory
proteins useful for breading of drought and heat stress tolerant
crops

Structural and functional analyses of regulatory proteins in plant
growth and stress resistance, that is useful for improvement of
the stress-resistant crop

Structural biology on efflux transport machineries to understand
multi-drug resistance

Structural and functional analyses of the rodent ESP family

Structural and functional analysis of taste receptors applicable to
development of new taste substances and taste evaluation
systems

Structural biology of bacterial super-biosystem for import and
degradation of polysaccharides and its application to food and
environmental areas

Structural and functional analyses of enzymes involved in a new
carbon dioxide fixation system and their functional improvement

Structure-function analyses and improvement of useful enzymes
for chiral compound prodcution

Structure and function of environmentally-responsive proteins

Principal investigator
Koji Nagata

Sueharu Horinouchi

Masaru Tanokura

Makoto Matsuoka

Satoshi Murakami
Hircoaki Terasawa

Atsuko Yamashita

Wataru Hashimoto

Kunio Miki

Sakayu Shimizu

Ko Shimamoto
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Kyoto University
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Osaka University
Nagoya University
The University of Tokyo

National Institute of Genetics
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Osaka University

The Tokyo Metropolitan Institute

of Medical Science
Hokkaido University

‘Yokohama City University

Osaka University

High Energy Accelerator
Research Organization (KEK)
Kobe 'Unhﬁarslty

Tohoku University

Osaka University

University of Hyogo

Kyoto University
The University of Tokyo

Representative organization
Osaka University

Kyushu University

Kyushu University

The University of Tokyo
The University of Tokyo

The University of Tokyo

The University of Tokyo
University of Tsukuba
Tohoku University

Osaka University

Representative organization
The University of Tokyo

The University of Tokyo
The University of Tokyo
Nagoya University

Tokyo Institute of Technology
Kumamoto University

RIKEN

Kyoto University
Kyoto University
Kyoto University

Nara Institute of Science and
Technology

Targeted Proteins Research Program

The Targeted Proteins Research Program is a national project promoted by the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan.
The program aims to reveal the structure and function of proteins that have great importance in both academic research and industrial application. The results of the
program’s study of the targeted proteins selected will deepen our understanding of fundamental biological phenomena, contribute to thr
and pharmaceutical sciences, and be industrially applied in various areas, such as the enhancement of food production and bioremediati
proteins are difficult to study structurally and functionally, the project also promotes the development of basic and innovative techno
structural analysis, and function regulation using chemicals, as well as the construction of an information platform. The project started as a five-year plan in FY 2007
with a budget of 5.5 billion yen, and more than 150 scientists are now conducting research on 43 subjects. The budget for FY2008 is 5.2 billion yen.

Development of advanced production technologies for
target proteins

Shigeyuki Yokoyama
Overview and objectives of the project

Overview In life science research, structural analyses of important targets (macromolecular complexes and membrane proteins etc.) frequently
encounter severe bottlenecks, because the sample preparation steps are so difficult. Corresponding to the functions of the samples in vivo, they
may undergo membrane embedding, complex formation, or post-translational processing or modification (glycosylation, phosphorylation etc.).
They might have multiple states that enable the regulation of the activity, making the lifetime of the functional structures short. For these reasons,
the sample preparation is difficult. In our project, we have developed advanced fundamental technologies that enable the preparation of difficult
proteins (macromolecular complexes, membrane proteins efc.). We will also construct a “structural and functional evaluation system” that can
judge whether the samples are suitable for structure analysis. In addition, we will serve as a basis to prepare samples suitable for structural and
functional research, by constructing an “expression screening system,” in which many expression protocols and crystallization conditions for
difficult target proteins are optimized and systemized.

Construction of the “protein expression library”

Enable the production of proteins in a structure-determinable state and in sufficient quantity, even if the sample preparation is difficult
(multiple-times membrane-spanning proteins, macromolecular complexes, multi-state proteins, proteins with short lifetimes, etc.).

Accumulation of innovative and state-of-the-art fundamental technologies that are generally useful for the expression and the structural
and functional evaluations of proteins

systematization
Construction and application of the "expression screening system” Construction and application of the "structure and function evaluation systems”
Enables high-throughput screening of expression conditions for many Evaluate whether the samples have sufficient quality for structural and
proteins functional research

systematization
Fundamental information and resources for protein production

Membrane proteins and Supramoleclar complexes

In the project, we will not handle all of the proteins but will focus on the important ones. - re
Important protein families were selected from the large-scale gene resources. “; ) o | J T A 3
Important membrane proteins (e.g. GPCHs, transporters) were selected from the human ' . i
genome sequences, on the basis of the total number of membrane proteins and the social l Dﬁ!J I m I I ﬂ | ll '“ i
(medical) significance {(under the supervision of Profs. Takashi Tsuruo and So Ilwata). By , ch Is L
systematic investigation of the expression conditions, we will unveil the rules governing l l .
their functions.
Regarding supramolecular complexes, protein kinases complexed with their partners, GPCRclass A:6  voltage dependent: 2 ABC transporter: 7 cell adhesion: 2
complexes of signal transduction molecules, and nucleosomes and their complexes with ~ GPCRclassB: 1 ligand dependent: 3 SLC: 8 ubiquitin ligase: 1
P : : {2y GPCRclass C: 2 others: 2
nucleosome binding proteins have also been selected for investigation. kinase type: 2 Total 40
others: 4 Selected membrane proteins

Crystallization of membrane proteins using the cubic liquid crystal method

Recently, novel crystallization ‘@pDevelopment of novel lipid matrices for crystallization @Development of devices for cubic

technologies in lipid bilayer Systematic use of lipids enabled the regulation of the liquid crystal method
matrices, such as "cubic liquid characteristics and the structures of the matrices for the first time. 96-well glass cell for crystal screening
crystal” or "sponge phage,” have
become the key to crystallize _ "
GPCRs. As the technology is new, G ™ i __-u:_- : mmﬂ';-"-‘u"’n"'-"“r““ ”ﬁ"rﬁ"f"'f-hh"ﬂ""ﬂ
many problems still remain. We G, T T ™

are developing a strategical and L= R
systematic crystallization method
for membrane proteins by (i) using
novel lipid-based "cubic liquid
crystal” or “sponge phase”
matrices, (i) developing devices
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an example of the novel lipids

Wil Hyreverse hexagonal liguid crysial
L o -lameadlar liguid crystal

Qyrcubic liquid crystal
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and methodologies specialized for 1. Increased chemical stability and resistance to the degradation enzymes . Crystal in the glass cell: crystals under

F:rystlallllzatlnn, am:! {'.”:I 2. atrpalicummlq:fdmc?ﬁalmmamal:hbehtﬂ C is available, normal light (left)and polarized light (right)

Eﬁ;ﬁ:ﬁ"g the crystallization a Syatﬂ'mtzln S fq:ldaanahll ed regulation of the characteristics and the Using the glass cell, small crystals (around a
. siruchures of the matrices for the first time. few micrometers) can be easily observed.

Production of membrane proteins by cell-free protein synthesis systems

The cell-free protein synthesis system is a reaction system consisting of a cell extract, a template DNA or RNA, and substrates. It has an advantage in (i) high-throughput
sample preparation, (i) automation, and (iii) controllability of reaction conditions.

Over-expression of membrane proteins in a conventional cellular expression system is often limited by their inhibitory effects on host cell physiology. Several cell-free
systems have been used for membrane protein production. For the preparation of membrane proteins in functional states, multiple technologies are adapted; for example,
membrane proteins synthesized in insoluble forms were re-folded by detergents or membrane proteins were synthesized in soluble forms by the addition of detergents.

@®Escherichia coli ®Wheat germ
-Development of a membrane protein production system based on the -Development of a membrane protein production system
E. coli cell-free system for functional and structural analyses- based on tha| wheat cell-free system for functional and
, e structural analyses-
Cell-free protein synthesis with lipids and detergents y
ooy s a. Production of functional PEP/phosphate translocator by
— 1 = — o g the wheat cell-free system in the presence of liposomes
d-';/ o S ~ / Membrane protein production
\ - - in the presence of liposomes
\ g o Possible effect of liposomes
bud oetergen! ! ::‘NI Li Lipos
. . - P SOME - CIfTiE
Synthesize active membrane proteins in liposomes 1] b i *15/ :
80% of 30 tested membrane proteins are synthesized as the - ;':“ 2 A
IImeEﬂWﬁtﬂﬁ fCHTﬁ &IFEPET1 a‘. l
: ; - . x :r:Pn * - t -
®PURE System -The synthesized a subunit was integrated into the membrane, are -
and the functional FoF; complex was formed in vitro- w |
Erryms and Fackors o tranaation o%e® Enorgy s membiana proteine intsgrate Ao iposomas, and his
IFi. 2, IF3 SR (ATP GTP) The transport activity of a transporter, AIPPT1, synthesized by :u-1ran5mtlgnal. integration might support the correct
EF-0, EF-Tu. EF-E Amine scid Synthesize the a subunit in the PURE the call-free system was increased by the addition of liposomes, folding of the membsane probains.
RF1. RF2, RF3, RRF il system with a-lacking F,F,
Arminoacyl AFNA syniheinses b 4 o) protecliposome
WMot AFINA transformryless
Ribaaame tRMA
PUAE System > FFae b. Development of a membrane protein production
fbosome system based on the wheat cell-free system
SAP (Sl Faagnien Parbchs,
P & 455 ANAY D ﬂ
| SR EAP Recsoioe, FiaY » Fractionation of liposomes by sucrose or Accudenz
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i ~ « Improvement of purification method —<Membrana
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Synthesis of large proteins by human cell-free protein synthesis system

addition of enzymes

We have succeeded in nat promote synthesis _.._ purification
: roten syrthasis ucu: u-l mTOR
synthesizing proteins over 150 3 . ..r.l"lrnz =3 s Pemid e N R T

WD | - — [ = 1| — [ 1 T

kDa by (i) crushing the - we-, e

membrane and removing o o P -
unwanted materials from the s 1o vea-
cultured cells by centrifugation, . | re "

and (ii) adding enzymes that

enhance the protein production. cell cultivation protein aaa s.a,m,.,g CEB staining
crushing the calls  SYMENESIS

Synthesis of membrane proteins and complexes by living cells Site-specific introduction techniques of
unnatural amino acids in vivo and in

We are developing many kinds  Expression screening of large proteins | Production of nucleosome
of living cell-based andcomplexes using cultured mammalian = supramolecular complexes GBI frae systam

technologies that enable the  cells Sincar th nucleosome |s a basal platiorm

production of difficult proteins ;,:Iﬁggn”d*"gggfmg’:pm“'“" using HEK293 for DNA-madiated reactions, such as Non-natural amino acid incorporation into proteins promises to accelerate research
(membrane proteins, replication, repair, recombination, and activities in protein science.
supramolecuiar complexes, lis rag Ia:t;:y maahan';?ncm A binant Proteins contalning
i P = u I EBCOMHnant Qe . 1Th| itn=spaciiic ntroduction
glll-"'rmpmmlps efc.) in functional understanding the mechanism of tha AVEVEVAVAN RV AN non-natural amino acid eI :::I a heavy aftom "
and crystallizable form. human gane sxpression. We have wiis o [Cultured at defined sites i ' (iodotyrosine residue i
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membrane proteins using and solving ts crystal structure. Weare D ) Jﬁﬁ {introduction afa (la® protein determined by
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Development of the synchrotron beamlines dedicated

to the measurement of micron-size protein crystals
Soichi Wakatsuki

al Yo _ Project schedule
Goal: X-ray crystallography of e i .

proteins related to human disease Beamiine construction 2008 2010
and aging Flickiedor. Tronl-cen s

* beam dali:.raw channel m
- end station —F
Poor expression, purification = PRI

difficulties in crystalllzatmn
; Development (PF, SPring-8)

Micro crystals Target crystals . ﬁz,ﬂzﬁ,ﬂ:&iﬁ!
s il Gy - diffractomator for micro-crystals >
- beam position stabilization system

« data collection method
- online processing of micro-crystals

Non-homogeneous
crystal

Yvyy v

Development

(Hokkaido, Kyoto, Osaka Univ.)
- free mount system
» compatible exchange system e

- method to avoid radiation damage >

Y

DE‘H’E]?F"‘EI’It of a I'I'II_G'I"ﬂ-bBEm Micro-beam enables micro-crystallography
beamline current goal  X-ray microprobe

‘b i 25x25
SPring-8 is developing RIKEN Targeted Protein {ianl;rg]sme X 1x1

beamline (BL32XU) optimized for micron-size crystals,
which are currently difficult to solve. Structural
analysis with crystals of less than 10 microns will be
allowed by using the brilliant micro-beam. In addition,
new data collection methods using the micro-beam @ Target

will be also developed. Diffraction measurement from micro-sized crystals

16

- flux density 10™ 10
(photons/sec/mm?)

Development of a beamline dedicated
for lower energy SAD experiment

A beamline dedicated for sulfur SAD experiment is under
development at the Photon Factory. The beamline (BL-1A)
features a brilliant lower energy (4-5keV) X-ray beam to 1.00E+22 Se 4

enhance anomalous signals from light atoms. N
Light = .
Source S 1.00E+20 = 2
% 1.00E+19 BL=1A > E:
1 = o
g st o BLTTAS= _ o
m T ;,;:1.[|DE+1E \Hrd EL 17A BL-1A 0B
"“E 3rd E
& 100E+17
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¢ 1ooess | St NWI2A | o ®
E L\ _3rd
5 1 00E+15 \ v
1.D0E+14 -
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Energy (eV)
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Energy covered by BL-1A

1.Short-gap undulator Energy spectrum of the short gap undulator. The lower

E,Dptimiaed beam delivery for lower energy energy (4-5 keV) beam gives higher anomalous signals from
3.K-B mirror system with large demagpnification factor light atoms. The 3rd harmonics covers the energy range for
4.Photon flux density 10" photons/sec/mm? @ 100 L m? MAD experiment using Se, Hg and Pt.

Development of beamline components

/,— ltra high - | I —\1 Beam position feedback systermn with - .
Tt T AN S (Pt precision SPring-8 BL32XU design concept
highes precision and higher stifiness stabilization of I::.Tf.? ann::l_pmltl-n:nl‘ Cro-Eaam 1 In-vacuum undulator
"_'"_“_:_'-_-_ el ) 2.K-B mirror system with large demagnification factor
= |4 3.Photon flux density 10'® photons/sec/mm?® @ 1 um?

/éupar orilliant undulator \\ Focusing system )
short period in-vacuum  undulator application of EEM mirror for stable micro-beam i S T '
N L :
| "I_m%l‘]-'rﬂﬂ'ﬁ[{'r_!n T e 17 |rfﬁ'i 1 =
New data collection method to avoid Development of sample cassette
radiation damage A compatible cassette available at both

Total amount of dose can be decreased SPring-8 and PF

keeping resolution and angular range

S AR RN —— ENICHTANEE BSR4 N SEEAL T EHOFEal

Left: a prototype of compatible cassette
Right. a cassette currently used at SPring-8

CERBEEREREE

1st: to measure every two (three or four) images using fine-phi slicing method & PAM
2nd: to measure the rest of images o4
SPACE
o pin & base -
New crystal mounting method for ' setl H | I
longer wavelength SAD phasing
preparation Design concept mount
MNylon loop—Lithographied polyimide film SPACE

| - Easy to glue on the tip of the glass capillary
* Less X-ray absorption (No need to remove)

robot holding

Crystal is
inside of
wand

Fin and base can
be separated

Hampton
Rin

Free mount method

Nothing (solution, loop) around the crystal  new type of microfabricated
= lower background in diffraction images loop was designed to adjust
= especially suitable for S-SAD experiment  the center line

Project image Studies on targeted proteins

' i ' ; Key technology ,. =X
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Contribution to

Applications to Investigations
medical and
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pharmaceutical and bioreme- biological phe-
sciences diation, etc nomena

Return the research results to the society

previous researc

programs

Eﬁnéﬁgﬁd computer Information platform

Use of outcomes from

Establishment of chemical library and development of Creation and management of information platform :::

protein regulation technology in Targeted Proteins Research Program (TPRP) t
Tetsuo Nagano Hideaki Sugawara o

Components of Chemical Library The Information Platform (IP) is for:

General Library Including university compounds To discover new

Collection of drug-like compounds with pharmacﬂdpharaa and P t- D- : t-
taking chemical diversity into consideration compounds romoting ISseminating

TPRP iInformation

Natural product chemistry is very To expand chemical
Natural Product Library active in Japan space

Discovery of new chemical skeletons 75,659 compounds (March 2008) Shari n g crea ting

B General 50,591 information public goods

B Natural 4,101
Fragment 1,872

Fragment Library

Collection and synthesis of fragment
compounds (M.W. < 250)

Validated Compound Library

Pharmacologically active known compounds Validated 2,379 IP expands the stock and flow of information
Focused Library 5 B Focused 16,716 register ramatlan _
igrgh?gc}:rad;atlm of ligand candidates of in TPRP capiure b Accumulat@ aharlng in TPRP
e proieins . o . . ; - .
Applying information of protein structure To improve hit rates N In}‘raatructure &f TF-"F!F-"f h
. Administration ortal site * Information resources for the
Natural Product Library ] . j evaluation of TPRP

Systematic collection of metabolite fractions Project Information
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daﬁglar::ﬂmﬂa%ytrs Experimental protocols |
Research '
accomplishments Databases (DB)
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for the next generation
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Development of novel affinity tag system for the

high-quality production
membrane proteins
Junichi Takagi

Recombinant production of extracellular proteins in mammalian
cells is routinely exercised in many labs around the globe including
both basic and industrial researchers, but purification of target
protein from the culture supernatant often demands method
development/optimization dependent on individual project. We have

developed a novel anti-peptide antibody P20.1 that can be used as T

both detection and affinity-purification tool suitable for the
application in the recombinant production of human proteins. The

intrinsic affinity of the mAb to the minimum epitope sequence (6aa) \r

is low, allowing the mild elution from the affinity resin, and the total
affinity can be increased by increasing the valency of either the tag
or antibody. A protein purified using this system vyielded
diffraction-quality crystals that gave 1 5A resolution structure within
3 weeks. Three dimensional structure of P20.1-peptide complex
and detailed information about sequence specificity are both
available, opening the possibility for the further engineering of the
system.

of extracellular and

GOAL

mAb against short peptide sequence
—detection & purification

—— protein A [Requiement]

* High affinity and specificity

* Desirable kinetics (fast on and off rate)
—— protein B * Available in large quantity (hybridoma
or recombinant sckv)

proteinC +—

| |
"One detects all" strategy

Enables one-step purification of minute protein sample!

1) An anti-GPCR monoclonal antibody P20.1 2) 2.4A crystal structure of

thrombin
Recognizes cell surface GPGFI

e 1 MMOCK

EapBE"T

recognizes 6-residue linear sequence Fab/peptide complex
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3) Binding kinetics analysis by BlAcore
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P20.1 has low Intrmah: arl'\‘ir'm‘ty'1 but effective afﬂnil:_'.r can be manipulated by artificial nlrgumenmﬂnn.

4) Concatenation of P4 sequence
dramatically increases affinity
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Mainly mediated by hydrophobic
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(C-terminally tagged) {N-terménally tagged) 3.Longer lifetime of the antibody
Kei Yura - Problems to be solved -
Current knowledge of 3D structures of proteins A and B are known, but the
protein networks complex structure is hard to be solved.
: 5 3D structures of domains of protein A are known, but the
AR overall structure is hard to be solved.
A _ g 3D structure of protein A homologue is known, but the
R i 12 structure of protein A itself is hard to be solved.
SR S
i TN T = T Develop structural bicinformatics methods to
e e ey overcome issues above.
- __'""_";;h h.‘:'l-T—::__; - _,“' r Predlr:linu of domain/protein complex structures
S T,T:J?.'-.-_ e /  Measured data Methods to expand the data \
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% ¥ (atomic resolution)
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protein interactions. (atomic resolution)
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Project Plan
Section Year 1
1) High accuracy alignment and homology High accuracy sequence alignment

modeling (accurate alignment, multiple for homology modeling
template, complex structure modeling)

Year 2 | Year 3

Homology modeling method based on
multiple templates

by Kei Yura
¥ Unify three methods to
2) Domain interface prediction for A method to retrieve new Predict residues in domain-domain model a multi-domain
multi-domain proteins (domain interface characteristics in domain-domain interfaces protein and protein
rediction, constraint for modeling) interfaces complex 3D structures
gy Masafumni Shionyu
3) Protein interface prediction (interface Extending the evolutionary trace Predict residue-pairs in protein-protein
residue-pair prediction, protein orientation method for protein-protein interface  interfaces and orientation of proteins in
prediction) by Hiroyuki Toh prediction a complex structure
Current Achievement
1.High accuracy sequence alignment for homology modeling
Two parameters for alignment: ; 1?-5” structural
Mutation matrix (well studied) AT sk uliisdi _ the number of inserted residues with ACS /
Gap penalty (less studied) /f the number of whole inserted residues

Study the gap frequency against protein 3D

the number of residues with ACS

structures, namely solvent accessibility (ACS)
of each amino acid residue.

- the number of whole residues

ACS=00 ACS=>095
Develop a new allgnmant tuul wrth ED 5trunture dEpandant gap p-analty
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Automatic web alignment server is coming up soon at http://cib.cf.ocha.ac.jp/tooldb-e.htmi

2.New characteristics in domain 3.Evolutionary trace method for
interfaces core inertace @ eriphera incertace protein-protein interface prediction
fadsEriddgaznzsiiantsr
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The system building is ongoing.

Structural basis for dynamic formation and mechanistic
actions of huge and complicated proteolytic machinery

Keiji Tanaka

" Ll 26S Proteasome
I« 450 A "l -2.5M Da

(totally over 66 subunits)

20S Proteasome 19S5 RP
(CP: Core Particle) (Regulatory Particle)

265 Proteasome

26S Proteasome: Huge and complicated
proteolytic machinery

ergd Denpd
A WA ) il Ol 24, TR 100k

..,l.m

I'Pi-l.'-il'P-lu-Dl

e M‘lw
ﬂ qhu: PhalPzal
Umpd  (PACLPACE

Dt Dl
~ =Y w
PRGTPACT Phct e A

D I'.'l'l'lpl‘ ’hi
L
N w
.;i o
- 1-Dmp2=gt compla
PAC3 Dimar o i Eu:m -
I_'mpﬁlm':-l'.hfp?““i‘dpﬁfﬁ gl alite Dirngil Irgpan. T Hiki ol
T sprelnasormes masembly Cireg i —Dergd From tha -mn ﬂ-ma
thi S himenl ol ha §i dufnsih

Kewmerw Seret Lol el 13, ZIE-TIE, (D00M) i e pp-1ing
Pha1iPhal ] o ﬂ
1 o

‘1:\ PR PAC TR =,
e, B

; Umpi Pratithal Pt Phal
r
oV Pt Pl " ihand gt E-.-h"_ L B
o [ T=t LG S ] [ e i
Umpi FEE ' il rl - El- 444 [ ri!q

e |

Haaps Gy Bl EMBO T 27, 2204-2211, (2008}

i # s : M: & rhmdﬂﬂrqhmlhun

on g-nngd by chamceizing assembly |

mtermedaieg stcumulilad n oaly
dhpkirted of BBCH [-Subung

A model of 20S proteasome fnrmaﬁan

at least 33 non-identical protein subunits

The 26S proteasome is a 2.5MDa molecular
machine consisting of a catalytic core
particle (the 20S proteasome) and the 195
regulatory particle. Crystal structure of the
203 proteasome has been obtained, but the
precise structure of the whole complex is
unclear. The aim of this research is to
elucidate the structure, assembly and
enzymatic mechanism of the 265

I

proteasome.

:1-7 Rpni1.2,13 Rpn3, 59,
11-T7 Rpt1-6 10,11,12,15

Conclusions

1) We have identified the Dmp1-Dmp2 (human PAC3-PAC4 orthologs)
complex as a proteasome specific assembling chaperone (PAC).

2} We have determined the crystal structures of the Dmp1-Dmp2 and
the Dmp1-Dmp2-a5 proteasomal subunit complex.

3) The structures of the Dmp1-Dmp2 and the Dmp1-Dmp2-a5 complex
revealed how this chaperone functions in proteasome assmbly and
why it dissociates from proteasome precursors (assembling intermediates)
before the a-ring are assembled.

4) We unclosed the mechanism of B-ring formation on a-rings.

1) Hirano, Y. et al., A heterodimeric complex that promotes the
assembly of mammalian 20S proteasomes, Nature 437,
1381-1385 (2005)

2) Hirano, Y. et al., Cooperation of multiple chaperones required
for the assembly of mammalian 20S proteasomes, Mol. Cell
24, 977-984 (2006)

3) Yashiroda, H. et al., Crystal structure of a chaperone
complex that contributes to the assembly of yeast 205
proteasomes, Nature Struct. Mol. Biol. 15, 228 - 236 (2008)

4) Hirano, Y. et al., Dissecting b-ring assembly pathway of the
mammalian 20S proteasome, EMBO J. 27, 2204- 2213 (2008)

5) Murata et al., Molecular mechanisms of proteasome assembly,
Nature Rev. Mal. Cell Biol. in press
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Development of anti-trypanosome drugs targeting
nucleotides biosynthesis and red-ox regulatory pathway

Kiyoshi Kita

Proteins involved in the pyrimidine biosynthesis and redox pathways of
trypanosomes as well as Ascaris suum Eamplax || are targeted for the
structure-based-inhibitor design.

African trypanosomiasis American trypanosomiasis ‘ -'"'k"h'l' H,0 X R, m
{sleaping siciness) (Chagas disease) B -

 Pathogen: Trypanosoma - Pathogen: Trypanosoma mitschandria Stvosrel m
- 500,000 patients and 20,000 + 18,000,000 patients and /
deaths annually 50,000 deaths annually - _,/(

Flutolanil: A Specific Inhibitor for Ascaris suum Complex Il

Except for Gly73 (lle43) and Trp69 (Met39), amino acid residues around
the flutolanil binding site are conserved in both A. suum and porcine
Complex lls. However, in A. suum Complex Il, stronger interactions are
formed between flutolanil and the conserved residues. In addition, Trp&9
,(Ovl\ g interacts with flutolanil through CH-n interaction. A cavity is observed

~al between flutolanil and Gly73, which is occupied by the side chain of

e flutolanil » (8888 [le43 in porcine Complex Il

Synthesis of flutolanil derivatives and IC,_ s
Compound A suum [(nM ) Porcine (M)
Ga a7 8.8

In sifico design of inhibitors. Compounds Ta B0 1
axpectad to fill the the cavity (left) and with a8 320 9.0
lower flexibility (left and right) were designed. - : :

* D e -
Structure of T.cruzi dihydroorotate
deh:.fdrnganasa

American Trypanusnmlams. Dihydroorotate Dehydrogenase

substrate rhmm.—

&

Promising 26 Database for commercially
cnrnpnunda available 5 million compounds

Competitive inhibitors

1Csp (M)
compound 1 4
‘ compound 2 19
: compound 3 35

WYY e o '

Ft :' "l-'- s H."'& - Assay compound 4 38
ﬁ , 4 43-" l compound 5 38
&“ ?_ M l:.- compound & 25
Hadun:ad infection rate/propagation compound 7 120

African Trypanosomiasis: Trypanosome

A

lternative Oxidase

Purification of rTAD from 10 L culture

Protein Specific activity Recovery
{mg:l {pmulfminfmg__ﬂ (%)

H‘. E. coli lysate 2410 5.85 100
Inner membrane 150 23.3 24.8
' Solubilization 37.9 83.2 17.0
ascofuranone (ICs; = 0.13 nM) G palin 8.95 207 13.2

X-ray diffraction experiment

Space group 1222
. e Unit-cell parameters
a8 a (A) 62.23
n b (A) 136.09
oz = c (A) 223.90
e Vy (A%Da™) 3.3
E =—§ (4 x 39 kDafasymm.)
$=Sw <100 Solvent cont. 63.0
- - | =N X-ray BL44XU (SPring-8)
= TAD crystal Wavelength 1.0
Resolution 20.0-3.4
Completeness (%) 99.8
Rmaorge (%6) 1.2

Structural biology on efflux transport machineries to understand

multi-drug resistance
Satoshi Murakami

AcrB is a major multidrug efflux transporter in Escherichia coli
cooperating with an outer membrane channel, TolC and a
membrane fusion protein, AcrA. Here, we describe crystal
structures of AcrB with and without substrates.

The AcrB-drug complex consists of three protomers, each of which
has different conformation corresponding to one of the three
functional states of the transport cycle. Bound substrate was found
in the periplasmic domain of one of the three protomers. The
voluminous binding pocket is aromatic and allows multi-site
binding. The structures show that drugs are presumably exported
by a three-step functionally rotating mechanism in which drugs
undergo ordered binding change.

Multidrug recognition by muliti-site binding mode

it F817 S transmembrane region is at the
PN1.PC1  contrad helix PNZ PN1, PC1 cental bselix PNZ t?GHDITI. (right) Tﬂp view of a

binding site from the cleft at the
side of the trimer. Residues =« T KL .
274-282, 583-600, 607-614 and Outer
623-631 are removed for a clear membrane SeSsa
view of the binding site. Drug

molecules and key residues for
substrate binding are shown in a
ball-and stick representation.
Bound drug molecules are
coloured as same as right top

figures. Chemical bonds for drug

Nature, 2000

Schematic models of
AcrA-AcrB-TolC complex

Koronakis etal.  Prapased model of the AcrA-AcrB-TolC
complex. Structures of AcrA and TolC
are manually docked to AcrB with
inspection according to engineered

™ AcrA cysteine cross-linking study between
| Mikoloskoetal.  AcrB-TolC and AcrA-TolC.

Crystal structure of multidrug transporter-antibiotics complex

S.Murakami et al. Mature 419, 587-583 (2002)

Three protomers are individually orwdonmt b al :
coloured (blue, red, green). (left) R e
Ribbon representation viewed

from the gida parallel to the  “Functionally rotating mechanism” for
membrane plane. The  mu -drug ux transporter

minocycline molecule is shown T E
in CPK representation, with the  Topview = a—
pggitign of the C, N, O atoms ow C (i L o M
indicated by yellow, blue and red
balls, respectively. The
extra-membrane (periplasmic)
headpiece is at the top and the

Schematic illustration of the proposed “functionally

binding are drawn as dotted T R JSB, 2006 rotating ordered multidrug binding change
lines. a. AcrB-Minocycline (AR mechanism” mediated by AcrB. (upper) The top view
complex. b. AcrB-Doxorubicin 7 CAELOEEN from the distal side of the cell. Colours and
complex SATE arrangements in the left panel are corresponding to
: R e e S R SR o thnsalar[ ;!b?ﬁn m:::—dall:a [!awarlii The Eua;u from thg snd}?
) ; bychoaelionicke : parallel to the membrane plane. Entranceand exi
oner & & g papimypduginadet e ] within each protomer are depicted as red flaps. The
mambrana 5. Lobedanz, et al, PNAS, 104, 4612-4617 (2007) drug binding pocket and translocation pathway are

""""""" N. Tamura, et al,, Biochemistry, 44, 11115-11121 (2008) represented as a dotted line.




