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The Targeted Protein Research Program (TPRP) started in 2007 as a sequel of the Protein 3000 Project which last-
ed from 2002 to 2007. In the new project, four cores, Protein Production, Structure Analysis, Control of Protein Func-
tions with Compounds, and Informatics, have been established as focus of methodology developments critical for func-
tional and structural studies by the target protein research teams. Within the ‘“‘Analysis Core’’ synchrotron radiation
plays a pivotal role providing X-ray beams for structural analyses of the target proteins. The two large Japanese syn-
chrotron radiation facilities, SPring-8 and Photon Factory (PF), along with three protein crystallography groups from
Hokkaido, Kyoto and Osaka Universities have teamed up to develop two complementary micro-beam beamlines, one on
each synchrotron site, and associated technologies for cutting edge structural biology research. At the PF, there are 5
operational beamlines which are equipped with state-of-the-art instrumentation for high-throughput protein crystal-
lography experiments. Within the TPRP framework, the PF is developing a micro-focus beamline optimized for a lower
energy single anomalous diffraction (SAD) experiment. This will be particularly useful for structure determination of
difficult protein targets for which heavy atom derivatives or selenomethionine substitution does not work and other stan-
dard phasing methods fail to give structure solutions. This will augment the capabilities of the PF structural biology
beamlines with similar look-and-feel experimental environments.
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Targeted Proteins Research
Program (2007-2011)

Joint Proposal by SPring-8 and PF:
Two Complementary New Beam Lines = -

Photon Factory SPring-8

® Microfocus @ Microfocus

Beam Line Beam Line
Low to medium Medium to high
energy energy

1. To be completed by the end of March 2010
2. Compatibility: SPring—8 and PF robots
3. Remote access and control

In collaboration with Hokkaido Univ, Kyoto
Univ, and Osaka Univ. M

Fig. 1. Overview of Target Protein Research Project

Micro-focus beamlines for crystal structure
determination from micro crystals

SPring-8 \ / PF \
Micro-focus beamline for sulfur-

Micro-beam beamline for extremely
SAD phasing

small crystals (<10 pm)

Goal: 1019 photons/sec/um?
@ 12 keV

Goal : 10%° photons/sec/10x10um?|
@ 4~5 keV

Current: 1012 photons/sec/100x100pm? (BL41XU)

BL-1A BL-17A

12

: 8 10
Beam profile of SPring-8 BL41XU Energy (keV)

‘ Further increase of anomalous signal
Further increase of X-ray flux from sulfur and phosphor atoms

Fig. 2. Two Complementary Beamlines for the Structure Determination by Micro-sized Crystals
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Table 1. Macromolecular Crystallography Beamlines at Photon Factory
Beamline BL-5A BL-6A BL-17A NWI12A NE3A BL-1A
Starting year 2004 1987 2006 2003 2010
High- . . High- .
Category throughput Conventional Micro-focus throughput throughput Micro-focus
Synchrotron ring PF PF-AR PF
Light source* MPW BM SGU U SGU
Wavelength range (A) 0.7—1.9 0.9—1.3 0.9—2.1 0.7—1.9 0.7—1.9 1.0, 3.0
Energy resolution (4E/E) 2.5X1074 1X10-3 2.5X1074 2.5X1074 2.5X1074 —
. 6.6X10° @1.0 A .
Flux (phs/s, @1.0 A 2.0x 101 1.0x101° . 2.0x 101 gx 101 1.0X10"°@3.0 A
(phs/ ) 1.3X100@2.0 A
Slit size (um) 200 100 20 200 10
Detector name Quantum315r Quantum4R Quantum270 | Quantum210r Quantum270 —
Detector type CCD CCD CCD CCD CCD —
Active area (mm?2) 315X315 188X 188 270X270 210X210 270X270 —
Readout time (s) 0.9 8 1.1 0.9 1.1 —
Typical exposure time (s/image) 3 30 5 3 1 —
Typical (min) 14 120 24 14 11 —
Sample exchanger PAM — PAM PAM PAM —

* MPW: Multi-pole wiggler; BM: Bending magnet; SGU: Short gap undulator; U: Undulator.
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Fig. 3. Experimental Setup in the End-station of PF Macro-
molecular Crystallography Beamline
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Focusing on the detector

Fig. 4. Flexible Focusing System at BL-1A

Fig. 5. PF Automated Mounting System
(a) cassette storing 96 samples, (b) three cassettes in the Dewar and (c—f) double tongs system.
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5. SBRORE
SHROBEEE LT 2010 4 4 HIZKE T7ED TPRP
THFEHD2DODOE—LTA >, KU SPring-8 &
PFOBEHFE—L T > & EHIZ TPRP, Akl

ﬁ% BERDOERICEBL TWE RN, ZNH a2 X
SICEERT 5729, RO XD 5 2 T
LTHEDTNS,

e /70 YA XDOH/NE—LILE - MEREN
74— RN 7 B DB 7
ERE R EIPTEES He F v > N —2%512 X % [\l H7
F—4 O S/N [ L & Ek B AL H i O B %6
EEEE S >N B SRS AT & FTRE IS S
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T — A EE - ALIRE A O B 7
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X7z, TApE) - THIE) - &R EoEES,
SIZHEOMR N EEIEROERZ R L
T, WD DOEL<H LWEMBHEOBmF 2 HD T
W5 (Fig. 6). IR oL LTI, #Rt
g T4 & g 22k2<boThD,
AR O RS S L ET OB R L BB T, [4EE)

Enhanced data
acquisition technique

+ Handling of micro-crystals:
Laser tweezers, Capillary-top
mounting

- Noise reduction from diffraction
images

Quasi real-time structure analysis
» On-chip ultra fast data processing
* Bio-informatics
= PC cluster system for data analysis and
storage

Sample monitoring

= Monitoring system of
status and temporal
changes of samples

u ‘ “Information Core”

Fig. 6.

EHALTA TP o> MERIET L — kOB
DD, EPE - KB SRR OB, T L
TRHERDT A —RNY IVETBLTUTADE—L
TAIATLERIEL, EHEY 2 INT EOME
RO A — RENET 5. [Hl#H)] & OHETIX
&ymbgﬁmEW%wéﬁx0U—*y7®ﬁ%
I, & 2NV EMMEEERZGIET 2500
S EHED S
—05, X KRG SRS AT & X RRTA WL D fE
EAATS5IET, MEHESY NV EEAERDORE
ERTZ B TEDEEA TS, XM 7O0E—LA
E—ALT1 v EAWZBMEY O—1)) X HIEK
BEEORFEEITO ZET, FETMERY >IN
BHilBtONA Z)N =T RA D U —=Z 2T DnlEg s
2%, ¥l2, TNERENE ATC) L)AL T T
A 2EIck D, ISICEETHERED LWEAERDK
SHACEWHEAER DA 7 ) —Z 2 7 valEE 12 %.
I 51T, FilZiTmEEBED TOWSEMBAFEE LT
BUTOXEDI IR ENETEN 5.
cHEFEDN RY T ey hEHWEE
WUNEE SR DN > R Y > 7 Hifi 0 B 76 RIFE BS)
®, WEHEROMFE. BITA A0/
HI, AEEM R, REEESNS DT —%
INEEZTEEICT 2720 DIV A L —HF —
Ze F W 72 0T A S0 it it D 1 7K FR il

“Control Core”

. Integration with X-ray
~ | solution scattering technique

» High throughput SAXS
beamline

- Fast screening of protein-
protein interactions with
ITC-SAXS pipeline

‘ Crystallization
technique for fast
screening of
micro-crystals

= Intelligent crystallization plates
(MEMS, pFluidics, uTAS)

- On-site crystallization facility
adjacent to beamlines

u ‘ “Production Core”

Future Plan
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