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W FaC » CERN high energy physics data from the Atlas,
10 m Castor LHCb, CMS and Alice. These data are stored using
mDMF the CERN designed Castor infrastructure
8 s » Castor is also used to store data from STFC's UK
facilities (FaC).
6 + ADS is the old archive with lots of small backups.
* DMF includes the preserved documents from the
4 CEDA Repository at the British Atmospheric Data
Centre, and Tesella Safety Deposit Box (SDB)
services to preserve data collected on the ISIS,
2 Diamond and CLF facilities.
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NATURE: APHORISMS BY GOETHE )|mhr.-| dwell in her and she in them.  With all
TATURE! We are sumounded and embesced | men she plays a love, and rejoices the more

IN by her : powerless 10 separate carseives from | they win.  With many, ber moves arc %0 hidden, that

her, and powerles o penctrate Leyoed her. the game is over before they keow

Withoet asking, or waming, she snatches us up into | That which is most unsatural is still Nature ; the
her circling dance, and whiclh us on ustl we are | Mupidest philitinim has a touch of her genius
tired, and drop from her arms, Vhoso cannot see her everywhere, sees ber no-

She is ever shaping new fornus s what is, has never | where rightly.
yet been; what has been, comes not again. Every|  She loves herself, and her innemerable eyes and
thing i new, and yet nought but the old affections are fied upon hersell  She has divided

We live in her midst and know her not.  She is | hemell that she may be her vwn delight. She
incenay
We constantly act wpon her, and yet have no power | enjoyment to speing up, that her insatiablc sywpathy
over her may be asmuaged.

The ane thing she scems 1o aim at is Individuality; | She rejoices in ilusion.  Whaso d
yet she cares nothing for individ She is always [ self and ochers, hisa she pusishes with the steroest
building up and destroying; but her warkshop is | tyranny. Whoso follows her in faith, him she takes
inaccessible. 28 a child 10 her bosom.

Her lfe is in her chikdren; but wher i the mother? | Her children are mumbeless. To none s she
She fa the only artis; working ep the most uniorn | ahogether miscrly; but she has her favourites, on
material into uttcr opposites ; arriving, withost whom she squasders much, aed for wh
of effort, at perfection, st the most exact precision, 1;.ﬂ worifices. Over greatness she spreads ber
though abways veled under  certain softvess

Fach of her works has an essence of ity own m- toses her creatures out of pothingness, and
each of her phenomena a special characterisation : | tells them ot whence they came, nor whither they
and yet their diversity is in unity, g0. It is their business to mn, she knows the road.

She pecforms & play ; we kiow hot whether she sees | || Her mechanism has few springs—but they never
it herself, and yet she acts for w, the Jookerson. | bwear out, are always active and manifold

Incessant life, development, and movement are | The spectacle of Nature s always new, for she is
in ber, but she advances pot. She changes for ever | always renewing the spectstons.  Life is ber most
and ever, and rests mot a moment. Quietude it | exquisite invention; and death i her expent con
inconceivable t0 her, and she has lsid ber curse | trivance to get plenty of e
upon rest. She is fem. Her steps are messured, |  Shewraps man in darkness, and makes him for ever
her exceptions rare, ber laws unchangeable. tong for light. She creates hi dependent upon the

She has ahways thought and always thiaks ; though | earth, dull and heavy ; and yet i ahways shaking him
ot a3 & man, but ac Noture. She over an | until he attempts 10 soar above it
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Understanding the relationship between genotype and phenotype is
one of the central goals in biology and medicine. The reference human

A map of human genome variation from
population-scale sequencing

The 1000 Genomes Project Consortium*

The 1000 Genomes Project aims to provide a deep characterization of human genome sequence variation as a foundation
for investigating the relationship between genotype and phenotype. Here we present results of the pilot phase of the
project, designed to develop and compare different strategies for genome-wide sequencing with high-throughput
platforms. We undertook three projects: low-coverage whole-genome sequencing of 179 individuals from four
populations; high-coverage sequencing of two mother-father-child trios; and exon-targeted sequencing of 697
individuals from seven populations. We describe the location, allele frequency and local haplotype structure of
approximately 15 million single nucleotide polymorphisms, 1 million short insertions and deletions, and 20,000
structural variants, most of which were previously undescribed. We show that, because we have catalogued the vast
majority of common variation, over 95% of the currently accessible variants found in any individual are present in this
data set. On average, each person is found to carry approximately 250 to 300 loss-of-function variants in annotated
genes and 50 to 100 variants previously implicated in inherited disorders. We demonstrate how these results can be used
to inform association and functional studies. From the two trios, we directly estimate the rate of de novo germline base
substitution mutations to be approximately 10~® per base pair per generation. We explore the data with regard to
signatures of natural selection, and identify a marked reduction of genetic variation in the neighbourhood of genes,
due to selection at linked sites. These methods and public data will support the next phase of human genetic research.

significantly to the genetic architecture of disease, but it has not yet been
possible to study them systematically’™ Meanwhile, advances in DNA
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Mice and LCMV.
Al mouse straing were maintained in specific pathogen—free conditions in the animal facilties st the University

of Mazsachuzetts Medical School (UMMS). &ll experiments invalving live animals were approved by and

performed in accordance with guidelines set forth by the UMMS Department of Animal Medicine snd the

Institutionsl Animal Care snd Use Committee. CS7ELE), BEPL-ThylafCy J (Thy1 1), BE;12952- Tspﬁ"'m“’.u

(Tep‘.‘*’j, CETBLG-Ty(CAG-O% 8191 Blenl) (0% A transcenic) were fram Jackson Laks . B2i-nul (IMECL1Y 15

Bi-null (LMP2YE, BSi-null (LMPT)E snd CSTLA-TC

Background strain characterization of fully back METHODS

polymorphisms spanning the genome) was pert hethods and any assockated references are av
were housed inthe LIS Biocontainment SUté wppginn of the paper at h W natLre. ooy
described? | Mice were infected intraperitoneall

considered immune atter at least 6 weeks

fected animals
ed in the presentatl
hat the peptide rej

tlable in the online
wrelmeunology/.

Note: Supplementary dnformation & avaifaie on the Natune Inomumolagy webs

EET
al detect
1315304

Immunoblotting.

Spleen lymphocytes were lysed in radicimmunoprecipitation buffer with Complete-Mini protease inhibitor
cocktail (Roche). Loading of Ivsates was normalized by protein concentration (Pierce BCA Protein Assay kit).
Spleen protessomes wers isolated &5 described?, Primary artibodies arti-LMP2 (53328, Sboam), anti-LMPT
(ah3329, Abcam), anti-o 1 +24+3+5+647 (MCP23 | Ahcam), arti-Tapd (sc-11464, Santa Cruz Biotechnology),
anti-GAPDH (MAB3T4, Millipore) or anti-ubicuitin (Z0458, Dako) were followed with horseradizh peroxidase—
conjugated secaondary antibody (111-035-144 ar 119-035-003, Jackson Inmunochemicals).
Chemiluminescence (Therma Scientific SuperSignal Wiest Pico ar Millipore Immaobilon Western HRP Substrates)
weas detected with X-ray film. The images were optimized with Phatoshop Autolevels

i slngly
ribution

is [ anti-

fimmunogenic epitope

far the d a8 unique to immunope
sslon In

Quantification of Tap1 mRHA. 158 1 wag

RMA was harvested with the Gisgen RMeasy kit, treated with Ambion DhA-free reagent (Ambion) and L&), the

quantified with a Manodrop spectrophotometer. RMA (1 pg) was then reverse-transcribed with the iScript ‘e,:n::d

cOMA syrthesis kit (BioRad). TagMan 2x Master Mix and Tap1 and Actb (B-actin) PrimerProbe sets (ABD oy

weere used for guantitative PCR on a BioRad iCycler. JETWEET

Flow cytometry analysis of naive mice.

Lymphocytes (from blood, spleen, thymus or axisl, brachisl, inguinal and cervical lymph nodes) were blocked
weith antF, receptor (24G2, ATCC) before being stained with anti-B220 (RA3-6B2, eBioscience), anti-C03e
(145-2C11, BD Pharmingen) or ant—C03 molecular complex (1742, BD Phartmingen), snti-CD4 (RM4-5, BD
Pharmingen); anti-CO8 e (53-6.7, BD Pharmingen), anti-CD11h (M170, eBioscience);, anti-CO11c (M418,
eBiozcience), antiH-2Kt [AFB-85.5, BD Pharmingen) or antiH-2Db (KH35, BD Pharmingen), and arti-TCRE
(hS7-597, eBioscience).

is not produ
reapond to [FN.
umara or cells infected with viruges that

C

nes.

11p3Z has been described:”. For RF33.70-LUC, RF33.70 cells=2 were transduced with MFAT-luciferase hepoint  evade immune responses.

(from pGLS-NFAT.g.?., Addgene 17870) and the bsd® blastocidin resistance geng (PCOMAG, Invitrogen) driven 1yinthe

ly the 540 promoter (pCOMNAZ A hyaro®, Invitrogen) cloned into pCOHA (Systems Bioscience), replacing the 12 MHC] :‘{EE"IESSD:‘J any agsociat s are ¢ In the oaline
CMY promoter (a5 Y¥Sv-3 pseudotyped lentivirus). For 12 54-CDBoB-LIUC, 12,64 cels?? were transduced rasomes| wersion ofthe Pgl‘,gt at hap: " wreim

first with pEMMARES-Lyt2a (ref. 35, as VSY-G pseuddtyped retrovirus, wntigens|

bt Sy stanford edudgroup/noland), then with pTRIPZ (Open Biosystems) in which the red fluorescent vage for|

pratein had been replaced with CDBk (cloned from mouse spleen cOMA) and finally with pCOHT-NFAT-Luc- [";T:E;

Bsd (a= lentivirus). Hybridoma cutture media was RPMI 1640 with 10% valival FBS, 2 mM L-glutamine, 10 mhd that the

HEPES, 1= MEM nonessential amino acids (Giboo) and 55 pM B-mercaptosthanol (Sigma). 12 64-CDE wp-LUC
cells were trested with 1poiml doxycycline (Clonetech) for 16-24 h before use.

In;E. Rainas (

I vitro antigen presentation.
Bone matrowe cells were matured far 57 d with granulocyte-macrophage colony-stimulating factor
(Invitragen, 10 noiml) and interleukin 4 (IL-4; 5 nogdml, Invittogen oF eBioscience). For H-Y praliferation, 5 1ot
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Assay of protein kinases using
a protocol

C James Hastie!?, Hilary ] McLauchlan"® & Philip Cohen®

"Divisianof Signal Transhiction Therapy and *|edical Reseatch Council Praein Fhosphorylation
University of Dundee, Dow Street, Dundee DD 5EH, Scotlind. *These authars contributed aqu:|
P (peaheniidundes acuk)

Published anline 3 August 2006; dei:101038/n prok. 2006.1 49

Protein kinase activity results in the incorporation of radiolabeled phosphate
The measurement of the amount of radicactivity incorporated into a substrate
enzyme activity to be quantified. The activity is expressed as a ‘unit, where 1
catalyzes the incorporation of 1 nanomole of phosphate into the standard sut
of activity per milligram protein. The assay format described here is quick, sit
direct measurement of activity and remains the ‘gold standard’ for the quantil
be assayed manuallyat one time, and the assay takes one person less than 1

INTRODUCTION

The attachment and removal of phosphate from proteins, called  guantital
‘reversible phosphoryltion’, is catalyzed by two chisses of enryme,  desaribec
caled ‘pmtein kinases’ and ‘protein phogphatases. Protein phos-  terminus
phoryhtion regulates nearly all aspects of cell life, and protein 1§ drct
kinases awe the largest single family of ensymes encoded by the  added 1«
human genome, with over 500 members. Abnormal protein  residues
phasphoryltian is a cuse or a consequence of major diseases  they bec
worldwide, including cancer, diabetes and chmonic inflammatory  labile in
diseases. For that reason, protein kinases have become the second  different
most highly studied chss of drugtarget, behind G protein—coupled  monly i1
receptors (GPCRs), and are a chief area of research for both  detected
academic laboratories and the pharmaceutical industry’. Protein Conee|
kinases catalyze the phosphorylation of serine, threonine, tyrosine  tones ar
and histidine residues on their target proteins, a reaction that  ntmduc
imwolves the transfer of the y-phosphoryl group of ATP 1o the  methods
amino acid side chain according to the following chemicdl equa-  homoger
ton: Mg-ATP + protein + protein kinase — phospharylated
protein + Mg-ADP + protein kinase.

Poten kinase activity is measured most comeniently using  (homage
radiolabeled [y-**F]ATP and an appropriate acceptar peptide or  distance
protein substrate. The assay method described here was iritidlly  trander
developed in the late 1970s and invalves the use of phosphocdlu-  neows t
lose paper squares to capture the phosphorylated peptides or  enemgy t
proteins resulting from the protein kinase reaction™®. The papers by the le
are immersed in phospharic add to comvert the aceeptor peptides  flunresce
and proteins to positively charged spedies which bind quantita-  intrinsic:
tively to the negatively charged phosphocdlulose paper®. The  ing or fn
papers are washed extensively in phosphoric acid to remove all  added to
the [y-2P]ATP substrate included in the assay. ATP, being nega-  the use «
tively charged, does not adhere to the phosphocellulose papersand — In con
is washed away, leaving only radiohbded product bound to the  long pep
papers, which can then be measured. not subj

This method can be used to study the phosphoryhtion of all  method
proteins that are phosphoryhted on serine, threonine and tyrosine  whereas
residues, except the exremely few proteins that would not be  to detec
positively charged at 2 pH of 1.8, Small peptide subsrates should  specifica 1
have a charge of at least +2 (and ideally +3)at apH of 1.8 tobind  the sitec

968 | VOL1 0.2 | 2006 | NATURE PROTOCOLS

nase Activity

sttings

Procedure

Protein kinase activity results in the incorporation of radiolabeled
phosphate from [y-32PJATP into a peptide or protein substrate. The
measurement of the amount of radioactivity incorporated into a substrate as
a function of time and enzyme concentration allows enzyme activity to be
quantified. The activity is expressed as a 'unit!, where 1 unit corresponds to
the amount of protein kinase that catalyzes the incorporation of 1 nanomole
of phosphate into the standard substrate in 1 minute. Specific activity is
defined as units of activity per milligram protein. The assay format
described here is quick, simple, inexpensive, sensitive and accurate,
provides a direct measurement of activity and remains the 'gold standard'
for the quantification of protein kinase activity. Up to 40 samples can be
assayed manually at one time, and the assay takes one person less than 1
hour to complete.

te: Some inforn

S W—

Protocol Steps

g | Insert each tube into the water bath at
intervals of 15 s to allow the assay mixture
to reach 30 “C, then begin the protein
kinase reactions by adding 5 pl of 1 mM
[y-32P]ATP to each tube at intervals of 15
s. Close each tube, vortex for 1 s to mix
the contents and immediately replace in a
rack in the water bath. Incubate for 10 min
at 30 °C.

- VU 100V Easss
vours i =
At 10 min after the addition of ATP,

remove each tube from the water bath at
intervals of 15s.

B i oo i S
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Figure 2 | Stereochemistry of the COPA backbore is anfcipated & have 3 substanfial impact an skeletal shape and the disposition of side chairs in
space. Distribution of conformers found within 13 kesl mol 7 of the bwest-energy conformation identified Caloulstions were mnducted with Spartan

0B (MMFF madel{ Conformes Distribution aption/Morts Carb sigorithm. Cobured spheres highlight the sistive posiion of helematoms (green) and slkenes
(o). Although these moleculsr mecharnics caloustions are not intemreted b predict the solfion-phase structure of thess ol e culste
provide a urikorm ks trough which to observe unigue chamctersics smodated with this new class of synthetic oligomer.

double asymmetric relationships between amine 11 and acid 1 have
little impact on chemical efficiency for this bond construction—a
critically important virtue of this chemistry, as split-and-pool tech-
nigues will alm to prepare all combinations of stereochemistry along
the growing CDPA backbone. With regard to this later consider-
ation asockted with the projected application of this chemistry
in split-and-pool format, we recognize that oligomerization of
chirl monomers of %P ee. will result in the produdion of
minor diastereomers on each bead The combinatorial nature of
this process however, will ensure that the population contains
beads that present these minor impurities & major constituents
In this way, a bullt-ln contral mechanism exists to ald in the analysis
of assy results, as the minor component on any particular bead will
be present s a major component on a different bead within the col-
lection. That sald, we anticipate that c be found in
future sudies to crystallize intermediat 7 or 8 A a means to

attain isomeric homogeneity.

Establishing the value of OOPA libraries as a source of protein
ligands, Moving forward to explore the utility of COPA oligomers
a5 apotential source of proteln lgands, a Ubrary of tetramers was
prepared by split-and-pool methods. To be compatble with our
an-bead screening platform’, we selected 160 pum TentaGel beads
functionalized with & tetrameric polyamide (Fig. 3e), the structure
of which was selected to optimize subsequent MS-based structure
ducldation (see Supplementary Information for details). Targeting
a library of 160000 members, we used ten primary amines and
two pentenoic acids as depicted In Fig. 3d As we planned to
carry out sroctural elucidation by MS, we used a heavy atom
label {CD at C2) to correlate differences in the mass of fragment
jons with absolute stereochemistry of the chlompentenoic acid
monomer. Alongside these efforts, a lbeary of peptold tetramers
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was prepared with the same amines used for the COPA lbrary
(Fig 3f) in an effort to estsblish a baseline for comparison
between these two synthetic oligomer plitforms Matrbc assisted
laser desorption lonization (MALDI) mass spectra revealed a
single strong peak for the COPAs released from several individual
beads chosen randomly from the Lbrary, indicating that cach bead
predominantly displays a single compound and that each
synthetic step proceeded in high yield.

Having established that the library was of high quality, it was
screened against the DNA-binding domaln of p53, an important
transcrption factor that regulates a varlety of genes inwolved in
<2l cyde contral and apoptosis. More than half of human cancers
express inactive p53 due to the presence of missense mutations in
the DNA-binding domain (DBD) that destabilize the folding of
the protein®. There is considerable interest in the identification of
chemical chaperones’” whose binding w)})i} might stabilize the
wild-type, functional, folded conformation®. Because trnscription
factors are gmaa]]gconsldemd to be extremely challenging targets
for small molecules™, we considered p53 recognition a stringent test
of the utllity of this new class of compounds.

Purified, bacterially expressed, FLAG-tagged p53-DBD (10 uM)
was incubated with the bead-displayed OOPA library in the pres-
ence of high levels of competitor proteins to suppress non-specific
binding events. The beads were then washed and trested with
antl-FLAG antibody followed, after another washing step, by anti-
IgG antbodies conjugated to red quantum dots The beads were
then examined under a low-power fluprescent microscope. Several
beads with a strong red halo surrounding them, indicating
binding of the quantum dot via the p53-FLAG/anti-FLAG anti-
body/ant-lgG-quantum dot sandwich complex, were cbserved
(Fig, 4a). These, as well as some beads with weaker staining, were
plcked using a micmopipette. Inall, 22 beads were collected. Six of
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(d, 2H, J=8.8); 7.36 (d, 2H, J=8.8); 7.54 (d, 2H, J=8.8); 7.60

S (FAB-): caleulated for CzHy:N:0:™ — 4552771, found —

Synthetic Procedure: See article for the definitive version of this procedure and for ol experimental details,

4H3; 8.29 (b=, TH). HRMS (ES+): calc'd for CopHagMyOg™ — 5922884, found — 592 2878 (M+).

To & zoldtion of compound 52 (10 mg, 20 pmoll and DIPEA (16 gl 82 pmol) in DME (1 ml vwas added malecylglyeyl chloride (14 mg, 80 pmol of MN-maleoy| glvcine in
DidF (0.5 ml). The reaction was stirred for zeveral hours, follovwed by removal of solvent s vacao. Reverse phaze zilica gel chromatography chromatographbey (1% f adrop
heChl 0.1% formic acid in HpO gradient to 20% MeCh) provided da (MAACH) &z a yvellovw zolid (6.4 mo, 10 pmaol, 30% vieldx H (MeCD, 400MHZY 1 29 (5, 2H), 144 fwed w0
(=, 2Hy; 1 .56 (=, 2H), 2.301¢, 2H, J=7 B);, 3.07-3.09 (m, 1H); 3.56 (=, 2H), 4.25 (=, 2H); 4.40 (=, 2H), 6.82 (=, 2H), 7.41 (d, 2H, J=8.8); 759 (d, 2H, J=8.8); T.ES-7.71 (M, | wucuo

ne* by

pension

SUPPLEMENTARY INFORMATION

]
\len/\/\qru\/\,i(

“iew in PubChem

“iew in 30 (7 KB) | Download ChemDraw file of structure [6 KB ) | Download CML file (6 KB)| Download Malfile (4 KE)

Chemical Formula: CapHyghzOg*
Molecular Weight: 592 67
Elemental Analysis: C,50.50; H, .46, N, 16.54; 0, 16.20

INChi=1/C30H37NF O/c1-37(2,3)1 9-20-43-29(41 7-5-4-6-1 8-31-30(42)33-23-10-14-25(15-11-23)35-34-29-1 2-3-22(3 1 3-24)32-26(38)21 -36-27(38)16-17-
28(36)90M3-17H,4-7,18-21H2,1-3H3,(H2-31,32,33,34,35,38,39,40 42)/p+1

InChiKey: UXROEMSFONOJAWIKLDFBCSAG

Standard INChl=1 S/C30H3TNT OB/C1-37(2,3119-20-43-29(41)7-5-4-6-18-31-30(42)33-23-10-14-25(15-11-23)35- 34-44-1 2-8-22(9-1 3-24)32- 26( 38)21 - 36-27 (39)16-
17-26(36)40M8-1THA-7 1 8-21H2 1 -3H3,(H2-, 132,33 34,35,38,39,40,4210+1

Standard InChiKey: UXROEMSFONCUAIN-UHFFFAOYSA-O
SMILES: O=C{0CCIMA (0 CIEICCCOENENC =GO hI2= 000G CNAC(C=C Cam)m)=0IC=C20C=C1 =0

=dihydro-1H-pyrrol-1-
nyl)ureidojhexanoyljoxy)=N N, V-trimethylethanaminium
npound 82 (10 mg, 20 pmal) and DIPEA (16 ul, 92 umol)
yeyl chloride (14 mg, 80 pmol of N-maleayl glycine) in

ed for several hours, followed by removal of solvent in
matography (1% MeCN: 0.1% formic acid in H;0 gradient
h) as a yellow solid (6.4 mg, 10 umol, 50% yield): H

# (s, 2H); 1.56 (s, 2H); 2.30 (t, 2H, J=7.6); 3.07-3.09 (m,

(s, ZH); 6.82 (s, 2H); 7.41 (d, 2H, J=8.8); 7.59 (d, 2H,

1H). HRMS (ES+): calculated for CsoHzsN-0™ — 592.2884,

Synthetic Procedure: See article for the definitive version of thid procedure and for fulf experimental details.

To & solution of compound $2 (10 mg, 20 pmol) and DIPEA (16 pl, 33 umol) in DMF (1 mi) was added maleaylglycyl chioride (14 mg, 80 pmol of M-maleoyl glycine) in
DF (0.5 ml). The reaction was stirred for several hours, followeed py removal of solvent in wacuo. Reverse phase silica gel chromatoorsphy chromastography (1%
MeCh: 0.1% farmic acid in HyO aracient to 20% MeCh) provided 4al(MAACH) as a yelow sold (5.4 mg, 10 pmal, 50% yisld): 'H (MeOD, 400MHz): 1.29 (s, 2H); 1 44
(=, 2H), 1.56 (s, 2H), 2.30 (1, 2H, .J=7 6); 3.07-3.00 {m, TH), 3.56 (s, |PHY, 4.25 (3, 2HY; 4.40 (s, 2H); 6.82 (s, 2H), 7.41 (d, 2H, J=8.8); 7.59 (d, 2H, J=8 8Y; 7 69-7.71 (m,
4H); 8.29 (bs, TH). HRMS (ES+): calc'd for CagHaghlyOg* — 532 2664, found — 592 2878 (M),
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Protein serine-threonine kinase casein kinase I (CK2) is involved in & myriad of
cellular processes inchiding cell growth and proliferstion through its
phosphorylation of hundreds of substrates, yet how CHZ2 function is regulated
is poorly understood. Here we report that the CK2 catabdic subunit C2o is EDopdf options
modified by O-linked B-Macetyl-glucosamine [ CLGICNAC) on Ser34?, proximal ]
10 & cyclin-dependent kinase phosphorylation site (Thr344). We use protein
semisyrthesis to show that phosphorylation of Thr344 increases the cellular
stability of CK2a by strengthening its interaction with Pinl | wheteas
glycosylation of Ser347 seems to be antagonistic to Thr344 phosphorylation
and permissive to proteasomal degradstion. By performing kinase assays with
site-specifically phospho- and glyco-modified CK20 in combination with CHK2E
and Pinl binding partners on human protein microarrays, we show thet the kinase substrate selectivity of
Ch2 iz modulsted by these specific post-translstional modifications. This study suggests how a promiscuous
pritein kinase can be regulated at muttiple levels to achieve particular biological outputs.
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A biomimetic polyketide-inspired approach to small-
molecule ligand discovery
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The discovery of new compounds for the pharmacological manipulstion of

= print
protein function often embraces the screening of compound colections, and it F
iis widely recognized thet netural products offer beneficial characteristicz as o =mail
protein ligands. Much effort has therefore been focused on netural product- e pdf aptions
like' lloraries, yet the syrthesis and screening of such libraries is often limited B downioad citstion
by one or more of the following: mociest library sizes and structural diversiy, o N
i N B arder reprints
conformationsl heterogenstty and the costs assaciated with the substantial -~
infrastructure of madern high-thraughput scresning certres. Here, we A rights and permissions
describe the design and execution of an approach to this broad problem by B sharebackmark

merging principles associated with biologically inspired oligomerization and the
structure of polyketide-derived netural products. & novel class of chiral and

conformationally constrained aligomers is described (termed 'chiral oligomers of pertenaic amides’, COPA),
wehich offers compativiity with split-and-pool methods and can be soreened en masse in & batch mode. W
cemonstrate that a COPA library containing 160,000 compounds is & useful source of novel protein ligands by
identifying & non-covalent syrthetic igand to the DNA-binding domain of the p53 transcription factor.
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Stereoselective synthesis of the right-hand segment. In the forward direction, the following key operations
were proposed: (i) stereoselective construction of the strained four-membered carbon ring by a base-induced
intramolecular cyclization reaction of an epoxy nitrile bearing an indane skeleton based on the Stork
protocol2?, leading to the tricyclo[5.2.1.0"8]decane skeleton (DEF ring system); (i) one-step synthesis of the
ABC carbon framework by an intramolecular Diels—Alder reaction of a key precursor including a furan (diene
component) and o f-unsaturated ketone (dienophile) moieties in the molecule.

Our first objective focused on the stereoselective synthesis of the crucial precursar epoxy nitrile 9 for
construction of the tricyclof&2-t i : argeted molecule 9 was a
trans-fused indane derivat the bridge heads; its

synthesis therefore appean synthesis of the requisite

aluminium trifluoro- methanesulfonate

precursor 9, starting from b [ view in PubChem ] n aptically active form using
a protocol recently reportgc | View in ChemSpider ] ic acid (mCPBA) in
dichlaromethane (CHaClo) pr prep _ssrer yrwmempurnmresaiment with trimethylaluminium

(MezAl) in the presence okaluminium trifluoro- methanesulfonate (AI(OTf)3) in 1 Z-dichloraethane {{CH4ClYp),
underwent a Meinwald rearrangement to give kefo acetate 3 as a single product. After treatment of the keto
acetate with 1 8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in CHaCls, the resulting enone (67 % yield, three steps)
was subjected to the Grignard reaction with vinylmagnesium bromide in the presence of cerium{i) chloride
{CeCls) in tetrahydrofuran (THF) to afford allylic alcohol 6 in 96% yield. As expected, addition of the Grignard
reagent occurred exclusively from the opposite side of the angular methyl group. Oxidation of the allylic
alcohol with tert-butyl hydroperoxide (TBHP) in the presence of titaniur(iy) isopropoxide (Ti(QPr)g) and
molecular sieves 4A (MS4A) in CHoCly afforded a-epoxy alcohol 7 in 92% yield.
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NATURE: 4. PIIORISM.S‘ BY GOETHE
ATURE! We are surrounded and embeaced
Ly her : powerless 10 separate oarselves from

* her, and powerless 10 penetrate beyoad her,

Without asking, or warning, she snatches us up into
her circling dance, and whishs us on ustil we are
tieed, and drop from her arms,

She is ever shaping new forns : what s, has never
yet been ; what has been, comes not agais.  Fuery-
thing s new, and yet nought but the old

We live in her midst and know her not.  She is
Imcessantly speaking 10 us, but betrays not her secret.
We constantly act wpon her, and yet have no power
over her.

‘The one thing she scems to aim at is Individuality;

yet she cares nothing for individuale, She is always
building up and destroying; but her workshop is
inaccessible.
Her life is in her children; but where is the mother?
s the only anist ; workingep the most uniform
material into witer opposites ; arriving, withost 3 trace
of effort, at perfection, st the most exact precision,
though always veiled under & certain softness

Each of her works has an ewsence of it own;
each of her a special ch
udyalhmdnwnuyi-mwnny

She pecforms & play ; we kuow not whether she sees
it Berself, -nly«nhcuu{wu.ﬂwlmlm

and
in ber, but -M-nlnxx« not. She changes Iovcm
and ever, and rests mot a moment. Quietude is
incunceinble to her, and she has laid ber cumne
rest.  She is fm,  Her steps are measured,
kr exceptions rare, ber laws unchangeable

She has always thought and always thinks ; though

pot as & wman, bot as Natore. She broods over an

sll-comprehending ldra, which no -cu(hn‘ an
find out.

Mankind dwell in her and she in them.  With all
men she plays a gume for love, and rejoices the more
they win. With many, ber moves arc %0 hidden, that
the game ks over before they kaow it

That which is most unsatural is still Nature ; the
supidest philistimisem has & woch of her genles,
Wheso cannot see her everywhere, sces ber no-
where rightly.

She loves herself, and her innemerable eyes and
affections are fixed upon hersell  She has divided
berselfl that she may be her wwn delight.  She
causes an endless succession of new capacities for
enjoyment to speing up, that her insatiabilo sympatly
may be assuaged.

She rejoices in ilmsion.  Whoso destroys it i him
self and others, hima she pusishes with the sterest
tyranny. Whoso follows her in fuith, him she takes
23 a child to her bosom.

Her children are mumbwrless. To none is abe
altogether miserly ; but she has her favourites, on
whom she squasders much, and for whom she makes
pﬂl wmcrifices. Over greatness she spreads ber

f?
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Articles about the
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su tosses her creatutes out of pothing and
tells them pot whence they came, nor whither they
g0. It is their business to run, she knows the road.
| Her mochanism has few springs—but they never

out, are always active and manifold.

“The spectacle of Nature i always new, for she is
always renewing the spectators.  Life is her most
exquisite invention ; and death s her expert con
trivance to get plenty of life.

She wraps man in darkness, and makes him for ever
long for light. She creates him dependent upon the
carth, dull and heavy ; and yet is always shaking him
until he attempts 10 soar above it
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The invention of the laser has resulted in many
innovations, and the device has become ubiquitous.
Howewver, the maser, which amplifies microwave radiation
rather than vigible light, has not had as large an impact,
despite being instrumental in the laser's birth!: 2, The
maser's relative obscurity has mainly been due to the
inconvenience of the operating conditions needed for its
various realizations: atomic® and free-electron® masers
require = and p i and solid-state
masers5, although they excel as low-noise ampliﬁerss and
are occasionally incorporated in ultrastable oscillators’- 3,
typically require cryogenic refrigeration. Most realizations
of masers also require trong magnets, magnetic
shielding or both. Overcoming these various obstacles would
improvements such as more-sensitive chemical assays, morg
determinati of bi structure and function, and m
diagnostice (including tomography) based on enhanced magn
e;pel:lrnmeters9 incorporating maser amplifiers and oscillator:
experimental demonstration of a solid-state maser operating
pulsed mode. it works on a laboratory bench, in ai
and amplifies at around 1.45 gigahertz. In contrast to the cryog|
our mager the gain medium i an organic mixed molecular cf
with pentacene, the latter being photo-excited by yellow light.
hani its spi lecti lecular intersystem cro
pentacene’s triplet ground state!!- 12 when configured as an
state maser's measured output power of around -10 decibel
approximately 100 million time= greater than that of an atomic
which oscillates at a similar frequency (about 1.42 gigahertz). §
levels of spin polarization readily generated by intersystem cr|
excited pentacene and other aromatic molecules, this new
be capable of amplifying with a residual noise temperature far|
temperature.
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The end..?

e Everything mentioned applies to patents and, more importantly,
patents are potentially ‘shouting’ for this more than research articles

e Linking the research to patent literature and the data behind the
research is becoming more important

e We (NPG) are seeing a slow (but steady) transition to mobile
devices/reading. The driver will be the range of mobile devices and
the services/applications they offer

e Thisis not a short term game — things will evolve over time!
e EXPERIMENT — not one size will ever fit all

e But don't lose sight of who you are developing for..

— "Trust me - if you gave people at Google free rein to produce TV you'd
end up with a lot of bad sci-fi,"

e \What ever happens this is a very exciting time to be developing an
exciting medium

s w nature publishing group @



