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Role of Structural Biolog

Transirlptlon

H Genome H

Molecular machines (ribosomes,
enzymes)
Information network

Protein
transport

Atomic resolution analysis
OProtein structure and dynamics
Olnteractions between molecular machines

A7

Biology Medicine, drug design
(Basic research) (industrial applications)




The Worldwide Protein Data Bank (wwPDB) http://Iwww.wwpdb.ora/index.html
50,000 entries and growing!
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How large is the protein universe?

 How many genes?

— Meta genomes --- J. Craig Venter Institute's
Global Ocean Sampling Expedition

— Human microbiomes (Gill, et.al. David Relman,
Stanford, Science 2006)
— Emerging infectious diseases
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* Non-coding RNA: largely uncharted

* Protein-protein, protein-carbohydrate,
protein-lipid, protein-nucleic acid interactions

 Posttranslational modifications



Panoramic view of a
eukaryotic cell

http://www.scripps.edu/mb/goodsell/
* Moveéments

COLORS: proteins in blue, ribosomes in
magenta, DNA and RNA in red and orange,
lipids in yellow, and carbohydrates in green.

David S. Goodsell, Scripps Institute




Protein-protein interaction network

TBCADHT e
q, AARRR)
g WTRCD DOTRRD 1 LR o
- L 1 m.nl
morn v 1/
Loy f '
™ a | Wi f
9 | eonmeg gL FANCD !"l;““
S |a.|lw JA P A amm
. ) |
Ll A | X # 0
1 1 \ ‘|H||Ii| A
= [T TT e Y
- 1 8 1 Rt
[= 11 ey - ADCOR g = i | ! :| . Ilunm. g .
| eewrm AT \
; L | emads
N T / oman
crpm 0 ™, \ I]j"._ rokh \ "- S AP
b "
, 0§ FRELRY -ra:.#:nln
FaTEr b, TR LS i g
2, \ FLIIH I
Cigsmg ™ i i S0
" ] . y .
B~ Shmoh, . e = gy i - e
-"l‘-'l e ; s <ol T T i
e fh - ¥l 20 i
M. OO ke i i
. B | g
» o
wrin g 1m~1l' k el cw’_“ﬂm M'., AN 1\ i ‘ 5
- ", ¢ b= n # N .
ekl TP -iu-l.a T
= o e AnTE . 'y Rk _
webiy RN 1 i o -
| b ol o
g AL Serde Y % ]
gk 0 Terom Tl L0 L PLEY
e - g
aiL H“] :,l“ ] In,l-l gl —4___wm
Fod 1B, e L : =, % ; = \ <) X -
| ‘»..‘3“ .-J_ y R~ e
= ; : ,g' 5 s, g
- ! T -
- ke
- \"c' '!1'||'l
| b B 'I': Craman
r 1 | H
= LAl TR I-ur.l i r
i — Ak 'T" -h [T TeY
T ol = ) { LI 5 i, i
o T E : J
Sy - W&"“"‘a' r L N ™ KA
Dpiam | - -'J—-F,L. = Mo—Lpen
. . - ur'n'rl 3 I' l'||-.l'l i i “”‘1“ i
g PEPEET L I ;"m — = —— gL
L aGT | v ﬂ -.-.." ¥ T
o i % | ? Fraeaniy m ” pman | N gL i
. Y i | o un-rr %l |, Dl
Lo O TP AsL ETAT &
ERE = griue =) -pq. |r-.-u B
F . A1 vl e I--ulrw-: \ b Fiasess .'\ b i
eures S 1Y i | E— '.\..u-._: micann \ %, B
1 | B %
Zi1N Tt N L W o
purmy” lun'rtll GoaZ | W | | Y o wGETE
b |\ N wkiEd i
Wrn P | \ | i
L SO A | Y o L et
g " BGTA | ik S e , U, 5
ETon gl . o .Y MARREY
o - \ =
/ . X
=] . 1 : £ naTH
= \ CT e W paraPy -
Pl , T i o R T
J \ mia |
= L] -]
S e d |1.n.'|; (- —
I Letame 4
oaLiny IsCizas ROMIT

Taken from Rua et al., Nature 2005



Protein life cycle and posttranslational
modification

MRNA ER‘ Protein transport| <> Golgi

/!
o) [V y U

Immature proteins —> Mature protelns]

Posttranslational modification: |} Functional
glycosylation /

\_ v,
Nucleus

To destinations

Refolding by chaperons

Degradation by proteasomes
Programmed cell

Degradation by Iysosome/autOphagy death (apoptosis)



What are posttransiational
modifications of proteins?

* Modification of proteins after biosynthesis
* Not directly coded in the DNA sequences

» Add functionality, modify surface properties,
transport signals

— Glycosylation

— Ubiquitylation (SUMO, NEDD etc.)
— Lipidation

— Phosphorylation

— Acetylation

— And more



Ribosomes Glycosylation

] GlcNAc
Mannose
Glucose

p Phosphate

A Fucose

”~ Galactose

<> Sialic acid

Trans-Golgi




Model for intracellular transport of N-linked glycoproteins

Plasma membrane
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Model for binding between VIP36 and high-mannose type
glycoprotein, salivary c-amylase

¢ salivary
o-amylase

lumen/exoplasm

mmmﬁ}z%m

cytoplasm

Tadashi Satoh, Nathan Cowieson, et al., J. Biol. Chem. (2007) 282, 28246



Structural studies towards new Influenza virus inhibitors
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Structure Based Drug Design: more efficient and lower cost for development of
Anti influenza drug with little or no side effects (collab. with Italy, Australia, Canada)

Influenza neuraminidase v\m J‘
~ NHCOCH
= NHCOCH OH OH £
oo oo TR Y \
: ! _ OH O A, NH2 .

Tamjiflu.to=2! LA, :
. Heog " Zanamivi

-r

HOZ~XOH

Inhibitor design

/~ Drugs with no
side effects:
Interaction with
only influenza
neuraminidase but
NOT with human
\ sialidases /

Yellow: human sialidase Neu2 Human sialidase
Gray: Influenza neuraminidase Neu2 structure




Flow of protein structure analysis
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Guanine nucleotide exchange factor Sec12p

1

ttcg tgacagctag ttataacgtc gggtatcctg cgtacggtgc aaaatttttg

61 aataacgaca cattacttgt ggcaggcggt ggaggagaag gaaacaatgg cataccaaac

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

aagctgacgg
ttgagcgagt
ggtatcattt
aagcacttga
gtagactttg
gaaggtaccg
ccgagcgact
ttttccactg
acagtgactg
aaaataaact
ggtattgtgc
caagtgacaa
gcggtactgg
tctaaaatat
tctacatatg
aactacgcca
cttattgtgc
cttttcaatt
gtagttgatg
gtacctagcg
actgaagtct

acCaacgcaa

tcttgcgegt
ttgcattgga
tggttggcty
gaaaatttaa
acgcatctac
ttgcagctat
tgacagagaa
atggtaaggt
gaagttgcat
tcatagccga
tgaccaaaat
acagattcaa
caagtaatga
tcaaacaagc
tggcgagtgt
actacacctc
tgctttctta
acgcgaagga
aagacttaca
tagattccat
tatgtactga
cttttcgaga

ggatcctacc
agacaacgac
caatgaaaat
atacgataaa
aaatgcggat
cgcatcatct
gtttgagatc
tgttgcttat
tgctaggaaa
tgacacagta
aagcatcaaa
agggattact
caattccata
tcatagtttt
ttcggcagcec
aatgaaacaa
cattttacag
caattttcta
tcaaacaact
aaaagtgcat
aagtaacatt

aatagatgat

aaagatactg
gactctccta
agcactaaga
gtgaatgatc
gactacacga
aaagtacctg
gagactaggg
atcaccggtt
acagattttg
ttgatagcag
tcaggaaaca
tctatggatg
gctcttgtga
gccattacag
aacactatcc
aaaatctcta
ttctcctata
acgaaaagag
ttgtttggca
ggcgtgcatg
attaatactg
gcttga

agaaggaaca
ctgcaattga
ttacccaagg
aattggagtt
agctggttta
ctataatgag
gtgaagtaaa
ctagcttgga
ataagaattg
cctctttaaa
cttccgtatt
tcgacatgaa
aactaaaaga
aggtcactat
acataataaa
aatttttcac
agcacaattt
acaccatctc
accacggtac
agacgagttc
gaggggcaga

No. of bases: 1416

gtttcatata
cgcttccaag
taaaggtaat
cctcactagt
tatttcacga
aatcattgac
ggatttacac
agtgatttca
gagtttatct
aaaagggaaa
aagatccaaa
gggtgaattg
cctgtcaatg
ctctccggac
attaccgctt
caacttcatc
gcattccatg
ttcgccctac
aaaaacatct
tgtgaatgga
gtttgagatc

LRVDPTKDTEKEQFHILSEFALEDNDDSPTAIDASKG I ILVGCNENSTKITQGKGNKH
LRKFKYDKVNDQLEFLTSVDFDASTNADDYTKLVY ISREGTVAAIASSKVPAIMRIID
PSDLTEKFEIETRGEVKDLHFSTDGKVVAY I TGSSLEVISTVTGSCIARKTDFDKNWS
LSKINFIADDTVLIAASLKKGKGIVLTKISIKSGNTSVLRSKQVTNRFKG I TSMDVDM
KGELAVLASNDNS IALVKLKDLSMSKIFKQAHSFAITEVTISPDSTYVASVSAANT IH
I IKLPLNYANYTSMKQKISKFFTNFILIVLLSY ILQFSYKHNLHSMLFNYAKDNFLTK
RDTISSPYVVDEDLHQTTLFGNHGTKTSVPSVDS IKVHGVHETSSVNGTEVLCTESNI
INTGGAEFEITNATFREIDDA

No of amino acid residues:471

(1416 - 3)/3=471

Model structure of Sec12




Phase Determination using Multiple Anomalous Dispersion

Methionine

Sulfur —— Selenium (SeMet)

FVTASYNVGYPAYGAKFLNNDTLLVAGGGGEGNNG IPNKLTV
LRVDPTKDTEKEQFHILSEFALEDNDDSPTAIDASKG I ILVGCNENSTKITQGKGNKH
LRKFKYDKVNDQLEFLTSVDFDASTNADDYTKLVY ISREGTVAAITASSKVPAIMRIID
PSDLTEKFEIETRGEVKDLHFSTDGKVVAY ITGSSLEVISTVTGSCIARKTDFDKNWS
LSKINFIADDTVLIAASLKKGKGIVLTKISIKSGNTSVLRSKQVTNRFKGITSMDVDM
KGELAVLASNDNS IALVKLKDLSMSKIFKQAHSFAITEVTISPDSTYVASVSAANT IH
I 1KLPLNYANYTSMKQKISKFFTNFILIVLLSY I1LQFSYKHNLHSMLFNYAKDNFLTK
RDTISSPYVVDEDLHQTTLFGNHGTKTSVPSVDS IKVHGVHETSSVNGTEVLCTESNI

INTGGAEFE I TNATFRE IDDA . i .
No. of amino acid residues: 471

including 6 methionines

A ribbon representation of a protein with
70 selenium atoms superimposed in
colour. Equivalent selenium atoms from
molecule to molecule are coloured the
same.



Protein crystallization by vapor
diffusion method

& @
Vapor equilibrium
—
®_© @ @ @
0°20%¢ © ° o ©
L] ®e e ©O
Precipitant solution o 0 o

6 Protein solution drop (containing water, precipitant and protein molecules)
@® Precipitant molecule
Water molecule

@ Protein crystal

Drawing by Prof. Yoshiki Higuchi



~1072 proteins in a typical (good size) crystal

Crystal of
Human GGA1
VHS domain

Crystallization method: hanging drop vapor diffusion

Protein conc.: 13 mg / mi
Precipitant: 17 % (wiv) PEG3350, 0.2 M KH,PO,
Buffer: 0.1 M Tris-HCI (pH 7.5)

Temperature: 20°C



Packing of proteins in a crystal
30~70 % volume of protein crystals is solvent!

31 screw
axis

Ay#

Cocrystal




Why synchrotron?

« X-ray intensity

 Parallel beam
* Micro beam

(1A tunabillity

—

—

I 4

measurements of
weak reflections

high-throughput
measurements

large unit cells
micro crystals

use of best part of
crystals

phase determination



Intensity of a reflection

E(hkl )= I@LPAFh
()= ey ALPAC )
F(h): structure factor

w: speed of crystal rotation

l,: Intensity of incoming X-ray

A: wavelength

P: polarization factor

L: Lorentz correction

A :absorption correction

V.: volume of the crystal in the beam
V,: unit cell volume




Methods to Determine Phases

Heavy atom MAD
(Multiple Anomalous Dispersion)

Introduction of
anomalous
scatterers

- Seleno-methionine (SeMet)

-Heavy atom soaking ‘ |
™

Multi wavelength anomalous dispersion

Light atom SAD
(Single Anomalous Dispersion)

Wild type
crystals

Anomalous signal from light atoms (eq: S)

*Good method as long as heavy atom derivatives
are available

*Multiple data sets need to be collected quickly
*Possible to use for extremely large complexes

*No need for preparing heavy atoms: highly
applicable for very difficult cases for which heavy
atom derivatives cannot be prepared

-Light elements need low X-ray energy for higher
anomalous signal

-Weak anomalous signal necessitates extremely
highly accurate data, thus high redundancy




Phase determination using MAD

(Multiple Anomalous Dispersion)

Bijvoet pairs

[F7| = [l = [Brgl  1F| = [Frml = [Fyz

Bijvoet Differences

AF = [F"| - |F|

MAD experimental maps:

Anomalous difference Patterson

AF ;2 (at the peak)

Dispersive Patterson

FRO =+ N+

Fg,? - Fg,? (remote — inflection point



Oscillat
(PRESENT)
(eg. 90 X 1 deg oscaillation)

Insertion device

— ~—

SR Ring

1 degree oscillation






L Vs ' S/
FPH(SeMet)-FP(native) difference
Patterson Map

S

FPH(SeMet)-FP(native) anomalous
difference Patterson Map

FE3(HFE3C)

LTI T T T

/
L
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/ /
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FE3(+)-FE3(-) anomalous difference
Patterson Map

FR4—TE2
Y

/ﬁn ég/ [/

FE4(remote1)-FE2(edge) dispersive
difference Patterson Map
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Fpu(t) = Fpt Fy(+) = Fp+ Fy(Re) + Fy(Im)
Fpu(-) = Fp+ Fy(-) = Fp+ Fy(Re) -Fy(Im)

Fo(+)

Fp
Fpu(-)

Measurements: Fpl at remote energy, E4
IFo(H) |, [Fpu(-) | at the peak of 7, E3
From the heavy atom positions:

Fu(h) & Fyu(-)




From intensity measurements

Pl Im

/

Feu(-)|

Feu()|

From Se positions

( _FH(+) \

Fu()

Re






Met94

Metg&4




Ribbon diagram of trimer of GGA1 GAT domain

Triangle is threefold axis.



Large complexés requires high brilliance (high intensity &
- parallel beam) and large-area detectors.

| Robot IP changer _
!', Kappa diffractometer = _
| | =4 MAR CCD 133 mm |
X-ray Beam

FlatIP detector wall & 1) 40 114 EH3 of the ESRF, Grenoble






Bluetonguewrusstruoture analysis by D.Stu_art,. Un_i\f‘o_f Oxford
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Shown the possibility of 2000 unit cell

dimensions

Even larger with ultra low emittance?

-
. -

ol ~
570 A

(20 EVt )Ly

oy

Blue Tongue Virus

Core Particle 1
P2,2,2

755 X 796 X 825 A3
ID14/EH3

St 1250
distance mm
Wavelength 0.918A
Oscillation 0.1 deg
Exposure time 100 sec
Pixel size 100 mm
Beam size 100 mm
FWHM 181 mm



http://www.kek.jp/ja/news/topics/2009/NobelYonath.html

lobel Award in Chem;s’rry, 9
| | T

Ribosome structures

Prof. Ada Yonath was a user of the Photon Factory
for 10 years from 1987

Anars lantiirae

LlA
e Mmer plcllaly ieciures

— Biology and Synchrotron Radiation/Medical Applications
In Synchrotron Radiation in Melbourne between February
15-19, 2010

— Symposium of Target Protein Resarch Program March in
Tokyo, on 5, 2010

— Photon Factory Symposium in Tsukuba on March 9, 2010



Prof. Ada Yonath( 2"? from right) & Prof Noriyoshi Sakabe (3™ from left)
In ICCBM conference in Beijing, June 2004




http://www.kek.jp/ja/news/topics/2009/NobelYonath.html
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Prof. Ada Yonath (left). At a BSR92 (4t international conference on Synchrotron
and Biology) with Prof. Wayne Hendrickson of Columbia University, USA (center) .
{LDr. Joseph Zaccai of Laue-Langevin Insittute, Grenoble, France (right) .



http://www.kek.jp/ja/news/topics/2009/NobelYonath.html
I

- , %

'

Cryo cooling apparatus developed by Prf. Ada Yonath (courtesy of Prof. Sakabe)




Number of unit cells in crystals

Unit cell dimension

Crystal size

(micro 30A 40A 50A 100A 200A 300A 500 A 800 A
cube)
300
200
100
50
30
20
10 8. 0OE+06 2. 0E+06
5 0E+09 2.0E+09  1.0E+09  1.0E+08 20 0E+0 5. OE+06 1. OE+06 2. 0E+05
4 8. OE+06 2. OE+06 5. 0E+05 1. OE+05
3 3. OE+06 1. 0E+06 2. OE+05 5. 0E+04
2 8. OE+06 1. OE+06 3. 0E+05 6. 0E+04 2. 0E+04
1 8. OE+06 1. 0E+06 1. OE+05 4. 0E+04 8. 0E+03 2. 0E+03

Numbers of “cubic shape” unit cells in cubic shape crystals. Colored
according to the number of unit cells contains in crystals: more than 108
copies in green, 107 pink, & 108 copies yellow. (by Masaki Yamamoto,
Harima RIKEN/SPring-8)



Extremely large complex, Vault
(Tsukihara Group, Science 2009)

e’ = N 2 R N e

e Structure determined at 3.5 A reslution with 39-fold symmetry

 MVP(major vault protein) alone is 99kDa x 78 copies = 7.7
MDa

* SPring-8 BL44XU Osacléa Univ. Beam Line

Cap-ring

Cap (~50 A)

(~155A)

Shoulder -

(~25A)

Body
(~175 A)

Waist - :

=)
Rl o-’,f
Y

S
A

Z,
e




Vault crystal (Tsukihara et al.,
Science 2009, SPring-8 BL44XU)

Photographs of vault crystal. The crystal was about 0.70 mm x 0.15
mm x 0.03 mm, and belongs to the space group C2, with cell
dimensions of a=702.2 A, b=383.8A,¢c=5985A,and = =

124.7° .
10,000 x 4000 x 500 = 2 x 100 unit cells



Micro crystals of cypovirus polyhedra

« Structure at 2 A resolution
(Peter Metcalf group,
Nature 2007, data
collected at Swiss Light
Source, presented in
AsCA 2009, Beijing)

* Very robust crystals:
dissolve only above pH10

« a=b=c= 103 A, 1 micron
cube crystal = contains

108 unit cells = 100
repeats along each axis

CLAMP




Laue function of micro cryst

Limit 10 x 10 x 10 = 1000 ?

aN K - a

sin

_ Nﬁ .
ﬂ ﬂ ﬂ
| 1
— |- —
— Nﬂ
I | A
0.5 0.0 0.5 1.0 1.5 2.0

Laue function

sin” (:rr.N”K - c'i)

Sillz(rtﬁ' : fj)

, ForN,=10

2.5



Roadmap of protein crystallography beamlines in Japan
Examples A: membrane proteins, B: enzymes without heavy atom lables

& C: virus crystals
SPring-8 1um PF

BL32XU Super mic
) e
|
>

/

BL41XU Higy
ey, w ol BL-17A
reSO] lltjon& blgb y, \ M'\CYO cry
RN AR-NE3A
m .
< ) WAL _
% L44X-U Large unit cells [ @ > W BLESA
(Osaka Univ) E ) > AR-NW12A
. o )
. o BL-6A
< (7
(RIKEN)
\ BL-7




KEK-Photon Factory (Tsukuba)
Structural Biology Research Center (sin

ce 2003)

o
g

sl

gl
- .-l'

= Wet lab

Crystallization robot
200,000 cond./day

Vesicle transport and
posttranslational modification

AR NE3 A;tellas

GAT

Clathrin

</ARE- GTP;! \ A
MP F o ../ }:
' @ cla\thriﬁ box M Yad

Hinge region Cytosol

355555599 ‘;%‘;‘n%';%‘;SS%S%S‘»%SS‘;%%S‘;S‘»S‘J

L
GNmembrane [B§

Lumen

5 large grants (01~09: Total
US$ 69M. US$40M for KEK)

Collaboration with domestic and

Low energy SAD,
microfocus

overseas groups from 8 countries




SSRL-type robot installed on MAD Beamline BL-5
20 datstslda = 100s datasets/da /

e

il Monitoring Camera

o A s . =
o L1
AN

:
e - Goniometer
e Sy . Pt || CCD Detector
Double Tong T —— e

~ | Cryo Nozzle |

Compatible with SSRL(USA), SRRC (Taiwan) &
AS (Australia), CLS (Canada)

Compatibility with SPring—8 and European
standards being worked

= Fancy Box

Cassettes




BL-1A, BL-5A, BL-17A,
AR-NW12A, AR-NE3A

BL1-5, BL7-1, BL9-1,
BL9-2, BL11-1, BL11-3

BL13B1, BL13C1

SSRL
Automated
3-BM1, 3-ID Mounting system






Compatibility with other systems

LT P& g8 e |
=N "7

SAM System

PF will Under e
accommodate to development semple Changer
Universal Pucks within the Target s.eﬂwedwma«

1 Lkeaa b7 Protein
Research
Project

Universal Puck

DIAMOND, SOLEIL, SLS, APS,...



NEW BL17A short gap undulator beam line: Example of small crystals
(funded by JST Frontier Technology Development Project)

———

_____

Another
crystal
Beam Line: PF-BL17A
Wavelength 1.291 A XEOxeORm 100pm
Beam size : 20 um X 20 ym
Exposure time: 20 sec

Provided by Dr. Tadanobu Tanaka of Showa University



High precision one axis diffractometers with XYZ stages

BL BL-6A |NW12 [BL-5 |BL-17

Year started 2000* |2003 |2004 |2006

Max deviation (um) 10 2.2 1.0 0.37(2007)= 0.1(2009)
Xtal size (um) 100 22 10 4 (2007) = 1 (2009)

0.6

0.4

02 - 0.36pm

W2 - Y | ;

-04

g [um]

-0.6

0 100 200 300
w A E [degree]

pearing & magnetic x-y stages

BL-5 type diffractometer -> also installed on BL41XU & BL44XU, SPring8




No. of Beam Time Proposals on Protein Crystallography Beam Lines at PF
Doubled in the last 7 years.

250

B Accepted Proposals B Sum of Running Proposals

200

150

100

| 111]]

0
01 1st 01 021st 02 03 1st 03 04 1st 04 O051st 05 06 1st 06 O7 1st 07 08 1st
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Industrial Use and Collaborations
between KEK and Industry (~16% of beamtime)

MX BLs at Photon Factory

Ajinomoto Co., Inc

Astellas Pharma Inc.
Eizai Co. Ltd.

KY OVVA HAKK(C)
- KOGYO Co., LTD.

Astellas Pharma. T§ukuba Structgral
Beam Line AR- [ |Biology Consortium

NE3 (to be fqr In_dustriql
completed by || APPplications (since

.A - A‘rv.

March 2009) Aprll 1, 2006)
Pharmaceutical Consortium T
for Protein Structure DANY
Analysis (PCProt), Japan PHARMACEUTICAL
Pharmaceutical Co., Ltd.
Manufacturers Association VIItsubishi emica
(JPMA) Corporation

BL32B2 at SPring8

New members



Fragment Based Lead Discovery
“Fragment Evolution”

—  Low MW fragments ]

- £
High conc assay, NMR, SPR, ﬁ 0
X-ray crystallography

A B

\

oo

A B

Chemical Library

Combinatorial synthesis

Bioassay

me ¢
m o

i

\




Astellas Pharma Beam
Line: PF-AR NE3

Available from Apr. 2009

/ _
NES Undulator w-ﬁ / L ﬁ\

_____
._._,

« Stronger than AR-NW12A by a factor of 3

 Astellas Pharma will have priority access for certain
amount of beam time during 10 years from April 2009.

* The rest of the beam time can be used for general user g*
operation including use by other pharmaceutical
companies.

* High throughput: 450 datasets in 3 days




International Collaborations

Australian BL20B
since 1992, one of the

most productive BLs at
PF

3000 registered users
500~600 papers published each year

NWI10A

MMMMM

14

) -4

IN L

%2

ANBF-Photon Factory
698 Experiments

~1,500 scientist visits to Japan

>> 2000 Days of beamtime

Many hundreds of publications

[= Also industrial use (2009-~) |

&

W-hall
@ (Partlal use)

BBBBBB

“ BL20B N

L-—‘& Far AN

- BL18B

First stee?ng committee, Indian

7 2 :>Indlan Embassy, June 25, 2009
= i Dr. Sood’s visit to PF,
acBL Oct 5, 2009
o g /\c-
PF (2 Lege ¢
56 (4N

ns for Hard X-ra
ans for VUV and



Protein 3000 Project (the MEXT) 2002~2007

RIKEN
RIKEN Structural Genomics/Proteomics

Network Committee for
Protein Analyses

Initiative (RSGI)
(2500 structures. Structure.—Function, R&D) Other

Institutions

500~600 structures, R&D,
Structure—Function,
Education

Corporation in
structural
genomics R&D

Yokohama Genome Science Center
Harima Institute

Transcription and

Translation Collaboration

Collaboration

Development and Cell

Differentiation Osaka Univ. Other Research
Inst. for Protein Centers of RIKEN Collaboration
Protein Transport and Research Beam time use Collaboration

Modification

Collaboration

Beam time use

Signal Transduction

SPring—8
Higher Order Biological Corporation
Functions ) /' in R&D and
Beam time use facility
operation Industry

Brain and Neurology Photon Factory ' '

Beam time use

Metabolism

Collaboration




Protein 3000 Tsukuba Structural Biology Consortium (21 groups)

Protein Transport and Posttranslational Modification

Nagaoka Tech Univ (X-ray)

KEK, Photon Factory (PX, SAXS)

Showa Univ (PX)

Nara Inst. Sci. & Tech (SAXS)

Tokyo Inst. Tech (PX)

Nagoya City Univ. (NMR)

JAERI, Nara (Bioinfo)

Original goal: 70 In 5 years (2003-March 2007)

= changed to 150 in the second year
254 structures solved (31 March 2007)

Osaka University
Inst. Microbial Diseases

Kagoshima University
Medical School

Life Science Program

Institute of Gerontology

Kyoto University . Riken, Membrane
Pharmacology Department Uin@isitty G llhyo { imee) Traffic Group
NAIST, Osaka University Riken
. \ . .
Molecular Biology Lab Medical School Immunology Institute
Kyoto University Tokyo Metropolitan Kyoto Sangyo University

Faculty of Engineering




Target Protein Project (5 years: 200/7-2011)

 Yearly budget: 5.5 billion yen, US$ 44.5M, 33.3 MEuro,
(includes 30% overhead)

» 43 teams selected on 15 June 2007

« KEK: Vesicle transport & Structural Analysis Core

i Fundamental Medical Food and )
Targets. [ Biology ][ Importance/relevance J [ environment J
5yrterm I 6 5
/ Protein Structural Analysis Functional \
: y Control Core Informatics Core
Production Core Core :
(Chem. Library)
o yr 1 1 1 1
\3yr 3 2 0 1)




MEXT: Target Protein Project

"NN7 O2N11
(2007-2011)

Photon Factory

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

2 Microfocus (D Microfocus
Beam Line Beam Line
Low to medium Medium to high

energy (Invacuum energy

short gap
undulator)

1. To be completed by end of March 2009

2. Compatibility: SPring—8 and PF robots

3. Remote access and control

In collaboration with Hokkaido Univ, Kyoto

\ Univ, and Osaka Univ. /
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Towards lower background:

Promising techniques developed by other groups.
Loopless crystal mounting method

Nylon Loop Cryo stream

Micropipette

‘ Aspiration

Kitago, Y., Watanabe, N. and Tanaka, |., Acta
Cryst., D61, 1013-1021 (2005).

http://castor.sci.hokudai.ac.jp/watanabe/Xtal
Mount/




Towards lower background:

Promising techniques developed by other groups.
OR CUT AWAY the rest with a 193 nm UV laser

Courtesy of Nikon Ltd. & Sosho Ltd.

H. Adachi et al., Japanese Journal of Applied Physics Vol. 44, No. 2, 2005,
pp. L54-L.56 Protein



Long Wavelength MX BL at Diamond:123 (2~4 A)

Detector 2

oample
gripper
actuated)

h
" hega  rotation
f s (air bearing
~ ndle with
ofluid  vactum

sample hold 1)

20K

S

_ Courtesy of Armin Wagner, Talk on Friday 11:45



PF-AR NW14A: ERATO Project (~2009)
Dynamics studies with 100 ps time resolution for innovation in materials and biological

sciences
Tokyo Institute of Technology, ERATO (JST) S. Koshihara, KEK+PF Shin-ichi Adachi
_ Laser
" Cds\m/F ) iy induced spin
1 & Timingmodule  CFOSSOVEr
\ reaction

(-ray and Laser £ )
‘ RF master oscillator

Ti-Sapphire Laser

- cavy

Al ablator

Laser driven shock
waves through CdS

PF-AR

945 Hz

. Gpmigmeter Laser shutter
S|ng|e CT'YS'E T Undulator
I’_a-"" Experiment Theory |
L T
i e sl
X-ray shutter N by T P ehpbed
i1 10ns
AL Ll
i
k1 LAY I""‘g o LA Ons L
" Solution |/ i TSI
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Systems Structural Biology
Posttranslational modification and transport

Plasma Membrane U @) @)
/ O '\ EIIdOCVtD
Secretory Vesicl A
ecretory Vesicles \

pathway

i Clathrin
Protein o Coated ey End
i Vesicle arly Endosome
glycosylation TeN O u
>
Golgi apparatus << O ‘ Late Endosome

[

’ I—ysosome '
A/< Melanosome

@ O

Autolysosome .
Autophagic pathway /

Endoplasmic
Reticulum o
5




Small GTPases, motor proteins
Involved In vesicle transport:

Rab and Arf, kinesin, and
clathrin



Small GTPases, ARF and Rab, in vesicular trafficking

T. Shiba, et al., Nature Structural Biology 10 386-393, 2003

Qr membrane compart@

Cargo receptor@ Budding @ ‘,—-—-\i @

A
Coat protein * e

N
GTP | GAP | GDP
[ ] b - —
vesicle QTargetmg =

=




% MyoVlla

Taken from I. Jordens, et al., J.Neefjes, Traffic 2005; 6: 1070-1077



N. Hirokawa, Univ

ransport IN NUEroNS  of Tokyo Med

S School

i @ . From N. Hirokawa, J. of Neuroscience, 2006
W}, | Rough endoplasmic

& N liCUIum

=3  d N |Golgi apparatus

2 ERLEN
N, Axon hillock
I it \
js_f.'.: M)

Growth cone

- Initial i i
-l Various transporting
d,/" S [Segment  |vesicles

Double

kinesin Mvssicu

body-like organelle

Dendritici
spine

Microtubule
KIFS KIFS KIF17

KIF1A: single headed motor, Nitta, Hirokawa et al., Science
2004, 305, 678 — 683, Data c d on PF-BL6A & 191D APS

Ogawa, et al., Cell, 2004



Higher order protein complexes localized on organelle

membranes EM

Confocul microscopy (live cell imaging)
In vitro reconstruction system
Synchrotron X-ray diffraction imaging

Liver liposomes
<3AR doma} w ;

ESCRT-II

High resolution protein structures Organelle morphology

Multiple Arf/Rab interactions with their effectors Organelle structure and function




Golgin: multi effector protein for Arf/Rab GTPases

Golgin proteins (GCC185) Rab small GTPases (> 60) are localized on specific
Very long coiled-coil structure organelles
Scaffold for maintaining Golgi stacks GCC185
GCC185
GCC185 ! Golgi Stack
1 200 400 60O 800 1000 1200 1400 1600 a‘ —X
5 cis 4__>
cc1 || ccz2 |cecs|| ACC123 | -— : —=
C343 medial >
RabgA
Rab&A Rab6B
Rab6B Rab2A Rab9A
Rab1A Rab15 Rab2B Rab9B
Rab1B Rab27B A" RabgA Rab30
Rab3s Rab3& 9B RabGB Rab33B

Sinka et al., 2008 J. Cell. Biol. 183, 607.
Hayes et al., 2009 Mol. Biol. Cell 20, 209.

Molecular level Cell level
Golgin structure ===  Maintenance of Golgi stack structure
Specific interactions between Localization of Rab/Arf on

Golgin and Rab/Arf different Golgi compartments
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Clathrin movie § _.

by Allison '

Bruce, Harvard

http://www.hms.ha |
rvard.edu/news/cl |

athrin/

David S. Goodsell Scrlpps Instltute http //WWW scrlpps edu/mb/goodsell/



Human GGA: a new class of adaptor proteins

Clathrin
\ —

)f)

N clathrln box Competmon

" " “linge region
‘_ AUtO- e \ N with AP-1
0 inhibition
@ Shiba et al. Nature 415,937-941, 2002 Lumen

Shiba et al., Traffic, vol. 5, 437-448, 2004

@ Shiba et al., Nature Structural Biology, 10 386-393, 2003
Shiba et al., J. Biol. Chem. 279, 7105-11279, 2004
Kawasaki et al., Genes to Cells, 10, 639-654, 2005
Yogosawa et al., BBRC, 350, 82-90, 2006

@ Nogi et al. Nature Structural Biology, 9, 527-531, 2002
Inoue et al. Traffic, 8, 904-913, 2007




Ubiquitin (Ub): ubiquitous
protein modifier with only 76
amino acid residues, 27000
papers published to date

Can connect Ub to another Ub
using 7 (now 8) different ways.-

How are specific linkages
recognized for signaling?



Polyubiquitin: linkage specificity vs. function

Main functions

Mono-ubiquitylation L == Endocytosis
Ub Ub

Poly-ubiquitylation

7 lysines of ubiquitin

— Ub Ub K48-IINked ey protein degradation

DNA repair

K63-linked === DNA transcription
Vesicle transport

B19-(01)-@1Y-@) Linear == DNA transcription

o Protein

Linear-ubiquitylation and NEMO (Rahighi, et al., Wakatsuki, Dikic, Cell 2009;
Tokunaga et al., lwali, Nature Cell Biol., 2009)



7 Iysmes K48 K63 and Linear

Proximal Ub Distal Ub

Lange
et al.,

Science ' ¥ .,
2008 '

Nt ' )

Linear diUb

Taken from Dikic, Wakatsuki, Walter, Nat. Rev. Mol. Cell Biol., in press



Ubiquitin i1s a multifaceted protein
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Structural Biology Research Center Goethe University, Frankfurt, Germany
Photon Factory, IMSS, KEK, Tsukuba, MRC, Cambridge, UK

Japan



eams behind the Ubiquitin/NEMO project

Simin Rahighi

lvan Dikic Fumiyo lkeda

lvan Dikic & Fumiyo Ikeda, Inst. of Biochemistry, Goethe
Univ Med School, Frankfurt, Germany

Mark Schmidt Supprian, Germany

Felix Randow, MRC, Cambridge, UK

David Komander, MRC, Cambridge, UK

Simin Rahighi, Masato Kawasaki, Nobuhiro Suzuki, Tamami
Uejima, Ryuichi Kato, SBRC, KEK-PF, Tsukuba, Japan



Ubiquitin signals in NF-xB activation

Multiple agonists

\JVU
/quU \
1st Ub signal
Lys63 chain
y 2nd Ub signal
’

NEMO: NF-kB essential

modifier
3rd Ub signal
\Lys48 chain
Immune response,
inflammation, and cell division —

DNA transcription




UBAN - Ub binding domains present in
ABIN and NEMO proteins

58 96 187 202 243 250 285 314 336 390 410
250 UBAN 338
289

Mm  (286) TVMET ISR O RO EE BB B SO HEr
He  (293) TvuryeviASA DI REoA B0 R . F 8 o - SO

(286)

NEMO o)
Bt (293) TvMET VRSP B0~ R0~ B i r - SREOHSR
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Structure of ubiquitin binding domain of NEMO

NEMO-UBAN




How Is linear ubiquitin chain recognized by NEMO?
— How does NEMO differentiate linear vs. K63 linkage —
— How does Ub binding activates IKK? —

58 96 187 202 243 250 285 314 336 390 410

)

250 338

Supplementary Figure 1. Model of the overall NEMO structure based on the four structures:
(A) Rushe M., et al., Structure 16, 798-808, May 2008

(B) Modified from Bagneris C., et al., Molecular cell 30, 620-631, June 6, 2008

(C) UBAN domain: Current work

(D) Cordier F., et al., J.Mol.Biol. 377 (5): 1419-1432, April 2008



Ubiquitin binding domain of NEMO (UBAN)
specifically recognizes linear-diubiquitin

58 96 187 202 243 250 285 314 336 390 410

B0 — 250 UBAN 338
28_9/'——-0"_

C linear diUb (Ko=1.6 uM)

O K63 diUb
A R48dUb SPR measurement of
NEMO-
UBAN/diubiquitin
dissociation constant:
1.6 uM
5
| |
6 8

dillb concentration {uh)



Structure of ubiquitin binding domain of NEMO

Ub

proximal N
5

proximal prroximal

Side view Top view

UBAN dimer in complex with two linear diubiquitin molecules



Distal ubiquitin interaction
ooefj\/‘ EZ-89

c c
NEMO-UBAN



Proximal ubiguitin interaction

F4 i E6a ’° E313
113 P IR
) | &
T66 Y'f E317
Voot e . %
T12 il (E320

C c
NEMO-UBAN



Structural Basis for Recognition Cornell Group’s models based on
of Diubiquitins by NEMO NMR titration, ITC, mutagenesis

Molecular Cell
Yu-Chih Lo," Su-Chang Lin,1 Carla C. Rospigliosi,! Dietrich B. Conze,2 Chuan-Jin Wu,2 Jonathan D. Ashwaell,2
David Eliezer,! and Hao Wul-*
1Department of Biochemistry, Weill Cornell Medical College, New York, NY 10021, USA
2] aboratory of Immune Cell Biology, Center for Cancer Research, National Cancer Institute, Mational Institutes of Health, Bethesda,

MD 20892, USA
*Correspondence: haowu@med.cornell.edu Dlstal U b PI’OXI mal U bB

Distal Ub

Distal Ub Proximal Ub

¥ proximal Ub

K63-linked diubiquitin

Linear diubiquitin !
First Ub Second Ub .

C- to N-linkage

Proximal Ub

Lo et al., Mol Caell,
EPUB 29 Jan’ 2009 NEMO: Tandem di-Ub Complex Model

C- to N-linkage




K63 and NEMO: 2:1 structure by Fukal’s
group, FEBS Letters, Sep, 2009

mouse ;;I;O CC21Z A
. ¥ proximal Ub

Distal Ub

& proximal
7 ubmggtm

« 4
proximal E

-

C . ags i t L
ubiquitin 5 ,:
| ‘! - '
'f“‘ | @
[ B NEMO: K63-linked di
% Lew
| i
i 3 ke
ik o
9 )
1 /‘% | F‘J
. L L ¥ “; b j?
’*"ﬁ;—r &
A ]
EA »
distal ;;’ L 4
ubiquitin & *

J Yoshimura et al., FEBS
Lett, September 2009

NEMO: Tandem di-|

. N~ N
Rahighi efal., cell, - Lo et al., Molecular Cell,
March 2009 January 2009



Structural Basis for Recognition ,
of Diubiquitins by NEMO Wu's group
Yu-Chih Lo,! Su-Chang Lin,! Carla C. Rospigliosi,! Dietrich B. Conze,2 Chuan-Jin U BAN d I U b — 2 1

David Eliezer,' and Hao Wul-*

1Department of Biochemistry, Weill Cornell Medical College, New York, NY 10021, USA

2] aboratory of Immune Cell Biology, Center for Cancer Research, National Cancer Institute, Mational Institutes of Health, Bethesda,
MD 20892, USA

‘Correspondence: haowu@med.cornell.edu MU|t| Angle nght Scatterlng (MALS) and ITC,
ITC: later by Rittinger and KEK

NEMO CC2-LZ: di-Ub complex

NEMO MW: 12.719 kD R AT AR
Di-Ub MW: 17 130 kD ~ Titration of NEMO into tandem di-Ub
100000 L S < 0+ ,
’oa 44.7 kD . _ ‘g
B © Aot
Y S - -
étg 10000 - 0.75 S %
o O
- - 0. £ -2 =
S 0.95 % o g N = 2.1+0.02
s 1000 -035 g E = Ko = 1.4 uM
= : I o o - AH = -2.8+0.04 kcal/mol-
0.15 X
E= 1 J | -TAS = -5.1 kcal/mol
100 . . . -0.05 4
U L L 1T 1 03

13 14 15 16 17
Elution Volume (ml)

ol U |
050 051 15 2 25 3 3.5 4 45 5 55

Molar Ratio

Jan 29, 2009, online publication



Stoichiometry controversy, continued: sedimentation
velocity analysis by Rittinger’s group, Ivins et al,

IV NI G WAl

Biochemistry J, 421 243-251, 2009

140 -

CoZi d_!mer:UbZ
Free
120 — 1:1
S K 1:2
100 - — 1:4
—_—1:8
80
o
. o Complex
40 - : 2:2
2:1
' N N /
20 4 LI \ : f‘.
| I, :: l“‘
04 N J L_/\J \
1 I T 1 |

0 ' 1 | 2 3 ' 4 | 5
Sedimentation Coefficient (S)
CoZi and di-Ub interact to form CoZidimer/diubiquitin and at higher ubiquitin

ratios (CoZi dimer) / diubiquitin 2. Best fit C(s) functions for sedimentation
velocity analysis of CoZi/Ub2 interaction(s).



Isothermal calorimetry shows both 2:1 & 2:2

(a) Time (min) (b) Time (min)
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Purely proximal E313A NEMO
mutation

V293A R309A
Y301A R312A
wt K302A F305A E313A E313A

NEMO-UBAN



Linear-diUb recognition of NEMO is critical for
LPS-induced NF-xB activation in vivo

Dominant negative: one WT and one

100+ mutant in the coiled-coil dimer
AN
4 N med
~ S
>
(al
LL
©Q 501 ]
(af] - 1
. :
9
0
control WT V293A F305A R309A
) Y301A R312A
Heterodimers formed by K302A F313A

introducing NEMO mutant
alleles into wild type B cells Nemo



NEMO is along alpha helical dimer

How does Ub binding activate IKKa and IKKB?

A) Rushe M., et al., Structure (2008)
B) Bagneris C., et al., Mol. Cell (2008)

C) Current work

D) Cordier F., et al., J. Mol. Biol. (2008)



Conformational change in NEMO upon binding to
linear diubiquitin chains

SC Glu289
-

LR GIu320
p\"’ ": :I}" —B'
‘( xa; ‘: — .J-
. 2L LT )
_"f Apo-form UBAN/Ub, complex
C C

Overlapped



Binding of two linear ubiquitin chains unwinds,

slightly, the NEMO-UBAN domain
= may lead to structural change of the entire NEMO—

Rahiqgi & Ikeda et al., Cell, online publication: March 20, 2009
In collaboration with Ivan Dikic, Goethe Univ. Frankfurt,
David Komander & Felix Randow, MRC Cambridge




Specific interaction of NEMO-UBAN
to linear vs. K63-linked diubiquitin linkages

NEMO-UBAN " 52A mutation in

proximal Ub
disrupts NEMO

e - a-AU1

Ponceau S

Ub

proximal

Green: NEMO & Linear Ub?2
Gold: NEMO & Lys63-linked Ub2 (model)




NEMO 9~
W\ N} Free (Rohaim)

Free (Komander)

Ub, ..
proximal T

AMSH-LP

K63 diUb (Free K63): Komander et al., EMBO Reports, 2009
K63 diUb (Fab): Newton et al., Cell, 2008

K63 diUb (AMSH-LP): Sato et al., Nature, 2008

Linear diUb (NEMO): Rahighi et al., Cell, 2009

Linear diUb: Rohaim et al. (unpublished)



K48 diubiquitin

Linear diubiquitin
NI\éIR by Yxriqgn etal. Mgl Ggll, 2005 b X-ray by Rahigh[ir eitu‘:fll" Cell, 2009
\ '@ g ¢ e ista
‘ Proximal Ub

9l

% "‘x N\

Proximal Ub Distal Ub

K63 diubiquitin
Ub Ub Model by Sims & Cohen, Mol Cell 2009

X-ray by Sato et al., EMBO J., advance
online publication 18 June 2009

Double sided UIM
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Mutations in NEMO in patients suffering from
ectodermal dysplasia with immunodeficiency
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Model of Ub signaling in the NF-xB pathway

New paradigm in ubiquitin signhaling in the NF-xB
pathway: linear ubiquitin recognition
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A model for the NEMO linear Ubiquitin binding
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Complex patterns of posttranslational
modifications of IKK complex
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Figure 1 Post-translational modifications and structure of the IKK subunits. Shown are schematic diagrams of the principal
structural motifs of NEMO, IKK«x and IKKf in relation to the known post-translational modifications that regulate their activity. Itis
possible that IKK« may undergo similar modifications to those seen in IKKf, but these have not yet been described in the literature.
Phosphorylations at the C-terminus of IKKf are indicated as being approximately 10, since the exact number were not definitively
established by the original mutagenesis studies (Delhase ef al., 1999). Numbering is from the human proteins, although some
definitions of where a domain begins and ends might differ between publications. Abbreviations: CC1 and CC2, coiled coil regions 1
and 2; LZ, leucine zipper motif; ZF, zinc-finger domain; HLH, helix-loop-helix domain; NBD, NEMO-binding domain. The code for
the different modifications is shown in the figure.



Ubiquitin
binding
protein

Drug design targets

Ubiquitin
binding
protein

Targeting ubiquitin itself with
ubistatins: Verma et al, R.W.
King, Science, 2004
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Dikic, Wakatsuki, Walter, Nat. Rev. Mol. Cell Biol., in press




Plethora of

A Homotypic B Mixed chain
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) Multiple monoubiquitylation

Previously: 7X7x7x7x7 = 16807 Q Q Q Q O QO O

With linear: 8x8x8x8x8 = 32768 lys Lys Lys Lys Llys Lys Lys

Taken from |keda & Dikic, EMBO Reports, 9, 536-542 (2008)



Comparison of ERL, SASE-FEL and XFEL-O
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Reunloop <. beem’ W‘% e AlD, undulator Al,O,
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Electron Gun i I - I[NNI - ‘ {f]‘;‘i
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j Injector Linac S B =
' Superconducting Main Linac / . R=0 % l:&fl,‘ﬁ’."
Merger Accelerating Beam S X F E L—O I ::L‘Lj_
i ERL SASE-FEL
average peak repetition | coherent | bunch | #of Remark
brilliance | brilliance | rate (Hz) | fraction | width(ps) | BLs
Non-perturbed
ERL | ~10%8 | ~10% | 13G | ~20% | 0.1~1 |~30 P
measurement
XFEL- Single mode
-0 07 | <10 | 1M | 100% 1| few J
(Option) FEL
SASE- One-shot
~1022-24 ~1033 100~10K | 100% 0.1 ~1
FEL measurement
Non-perturbed
3rd-SR | ~1020-21 | ~1022 ~500M 0.1% 10~100 | ~30 P
measurement

(brilliance : photons/mm?/mrad?/0.1%/s @ 10 keV)




Radiation damage: photoelectrons escape sideways.
Polarization direction of the SR
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Will reduced radiation damage occur with very small crystals?

Colin Nave and Mark A. Hill, J. Synch. Rad. (2005). 12, 299-303
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itin World with Accelerator Technologies

Analysis of receptors upon Neutron reflectivity || NF-kB pathway
agonist binding GI-SANS & GI-SAXS - RN
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Protein Crystallography of posttranslational modifications & complex
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Imaging localization of protein

complexes with high resolution and SR X-ray tomography

contrast

Structural studies of polyubiquitin synthesis & recognition
In vivo analysis of drug delivery and signal transduction




Transient structural dynamics of signal transduction
complexes: Small Angle X-ray Scattering (SAXS) with next

generation 2D detectors and ink-jet technologies
Rapid mixing of components using
|nk-Jet technologles o

K,m 7
“ Linearly ubiquitylated
IKch IKKB-NEMO complex substrate protein

Ultra high Fast time-resolved SAXS
brilliance beam \.l using next generation 2D
from KEK-X m detectors (SOI, APD, etc.)
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How large Is the protein universe?

e How many genes?

— Meta genomes --- J. Craig Venter Institute's
Global Ocean Sampling Expedition

— Human microbiomes (Gilll, et.al. David Relman,
Stanford, Science 2006)

— Emerging infectious diseases
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 Non-coding RNA: largely uncharted

* Protein-protein, protein-carbohydrate,
orotein-lipid, protein-nucleic acid interactions

e Posttranslational modifications




PSI:Biology of NIGMS/NIH

PSI Biology large centers: Applications by Oct 28th
http.//www.nigms.nih.gov/Initiatives/PSI

1.

W

Concept Clearance: High-Throughput Structural Biology
http://www.nigms.nih.gov/News/Reports/council_concept_clearance 2009.htm
Recommendations for the Future of the PSI
<http://www.nigms.nih.gov/News/Reports/PSIAC Future_2009.htm> (PSI
Advisory Committee)

Report of the Future Structural Genomics Initiatives Meeting
<http://www.nigms.nih.gov/News/Reports/FutureSGMeeting102008.htm>
Annual PSI Advisory Committee Meeting Report
<http://www.nigms.nih.gov/News/Reports/PSIAC2008.htm>

PSI Steering Committee Meeting Report
<http://www.nigms.nih.gov/News/Reports/psi_steering_2008.htm>




Global Ocean Sampling Expedition

o Sorcerer Il of Craig Ventor Institute

 GOS analysis identified some 6.12 million

proteins from 7.7 million newly discovered
sequences

w= 2003 - 2008 Routes == 2009 - 2010 Route



Human microbiomes

Within the body of a healthy adult,
microbial cells are estimated to
outnumber human cells by a factor
of ten to one.

Human gut: 1000 microbiomes,
1x10% cells, 1 kg per person, but
so far only 40 species have been
characterized.

The NIH Roadmap Initiative now
iIncludes a Human Microbiome
Project
(HI\)/IP,http://nihroadmap.nih.gov/h
mp

JCSG (NIGMS PSI) collaboration
on structures
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