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What is chemical shift? 3

the most important parameter of NMR...

Chemical shift Ring current effect
anisotropy

Very sensitive to the
structure of protein!

By
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But very difficult to predict
from structure...

that's why we are collecting
chemical shift data!
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What you can do with chemical shifts?
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You can use the NMR signal as 100 of probes at atomic resolution
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You can get a variety of information using chemical shifts s
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We are collecting chemical shift data in collaboration
with Univ. Wisconsin and wwPDB
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Our activities on BMRB processing (2015)

e 78 entries processed at Osaka (~10%)
« BMRB total 759 entries

1200

B Madison
B Osaka

Entry

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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Conversion of BMRB data into machine readable
Yokochi et al., J. Biomed. Sem. (2016)

format

NMR-STAR v3

BMRBxTool

BMRB/XML

brprad st aa et
# Entry information #
g R S R S

save_entry_information
_Entry.5f_category
_Entry.5f_framecode
_Entry.1ID
_Entry.Title

entry_information
entry_information
15468

Backbone and side chain chemical shift assignments of the F1
53-to-5-flurotryptophan mutant of human cardiac troponin C

_Entry.Version_type new
_Entry.Submission_date 2807-07-28
_Entry.Accession_date 20087-07-20
_Entry.Last_release_date
_Entry.Original_release_date .
_Entry.Origination author
_Entry.NMR_STAR_version 3.6.8.100
_Entry.Original _MMR_STAR_version 3.6.8.100
_Entry.Experimental_method NMR
_Entry.Experimental_method_subtype solution

_Entry.Details
_Entry.BMRB_internal_directory_name

<BMREx : entryCategory:

<BMRBx: e

<BMREx
<BMREx

<BMREx
<BMREx

ity 1d="15486"-

raccession_dote>2006-12-07+09:00-/BMRBx :accession_dates
:bmrb_internal_directo
<BMREx ;
<BMREx ;
<BMREBx:
<BMREx ;
<BMREx ;

ry_name xsi:nil="true"/>

details xsi:nil="true"/>

experimental _method>NMR</BMRBx: experimental_method=
experimental _method_subtypesSOLUTION</BMRBx : experimental _method
last_release_date xsi:nil="true"/>

nmr_star_version>3.0.8.100</BMRBx :nmr_star_version:

_suk

:original_nmr_star_version=3.0.8.100</BMRBx:original_nmr_star_wversic
:original_release_date xsi:nil="true"/>

<BMREx ;
<BMREx ;
<BMREx ;
<BMREx:
<BMREx ;

igination=author</BMRBx:origination=
_category=entry_information</BMRBx:sf_category>
_framecode>entry_information</BMRBx:sf_framecodes
submission_date>2006-12-07+89:00</BMRBx: submission_date>
title-Backbone and side chain chemical shift assignments of the F1°

5-flurotryptophan mutant of human cardiac troponin C</BMRBEx:titles

<BMREx ;

version_typesoriginal</BMRBx:version_typex

</BMRBx :entry=
</BMREx : entrylategory:

bmr15400.str

5
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Toward the more machine readable format

BMRB/XML

10

RDF: Resource Description Framework

<BMREx: entryCategory>
<BMRBx :entry id="15488"-

<BMRBx :accession_daote=2006-12-07+09:00-/BMRBx :accession_date>
<BMRBx :bmrb_internal_directory_name xsi:nil="true"/>
<BMRBx :details xsi:nil="true"/>

<BMREx :

<BMRBx : experimental_method_subtype>SOLUTION</BMRBx :

<BMRBx:last_release_date xsi:nil="true"/>

<BMRBx : nmr_star_version=3.0.8.100</BMREBx :nmr_star_version:>

<BMRBx :original_nmr_star_version=3.0.8.108</BMRBx:original _nmr_star_version=

<BMRBx:original_release_date xsi:nil="true"/>
<BMREBx : origination=author</BMRBx:origination>

experimental_method>NMR</BMRBx: experimental_

method>
experimental _method_subtypes=

BMRB/RDF

<BMRBx:sf_category=entry_information</BMRBx:sf_catd
<BMRBx : sf_framecode>entry_information</BMRBx:sf_frd
<BMRBx : submission_date>2006-17-07+89:00</BMREx : sub
<BMREx:title=Backbone and side chain chemical shifd
5-flurotryptophan mutant of human cardiac troponin C</BMH
<BMRBx :version_type=original</BMRBx:version_type>
</BMRBx : entry>
</BMREx : entryCategory:

bmr15400.xml

BMRBoTool

q

MREB

<BMRBo: has_entryCategory=

<BMRBo:entryCategory rdf:about="http://bmrbpub.protein.osaka-u.ac.jp/rdf/bmrls

<BMRBo: has_entry=

<BMRBo:entry rdf:about="http://bmrbpub.protein.osaka-u.ac.jp/rdf/bmrlS4d

<BMRBo :of _dat
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.
<BMRBo:entry.

ablock rdf:resource="http://bmrbpub.protein.osaka-u.ac.j
1d>15408</BMRBo: entry. id>
accession_date>2006-12-87+09:00</BMRBo: entry. accession_d
experimental_method>MMR</BMRBo: entry. experimental _method
experimental_method_subtype=SOLUTION</EMRBo:entry.experi
nmr_star_version=3.0.8.100</BMRBo:entry.nmr_star_version
original_nmr_star_version=3.0.8.100</BMRBo:entry.origina
origination-author</BMRBo:entry.originations
sf_category=entry_information</BMRBo:entry.sf_category=
sf_framecode>entry_information</BMRBo:entry.sf_framecode
submission_date-2006-12-87+89:00</BMRBo:entry.submission
title-Backbone and side chain chemical shift assignments

tryptophan mutant of human cardiac troponin C</BMRBo:entry.titles

<BMRBo:entry.

</BMRBo: entry>
</BMRBo; has_entry>
</BMREBo ; entryCategory>

version_types=original</BMRBo:entry.version_types

</BMRBo ; has_entryCategory>

T
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Example of SPARQL search script (Uniprot->0MIM) 1

PREFIX uniprot_c: <http://purl.uniprot.org/core/>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX omim_v: <http://bio2rdf.org/omim_vocabulary:>

Uniprot ID

SELECT DISTINCT ?label ?omim_id ?dbsnp_id ?mutation ?phenotype
FROM <http://purl.uniprot.org/uniprot>
FROM <http://bio2rdf.org/omim_resource:bio2rdf.dataset.omim.R3>

WHERE {
,“P51608™)) A

BIND (IRI(CONCAT("http://purl.uniprot.org/uniprot/ ?s_uniprot)
SERVICE <http://uniprot.bio2rdf.org/spargl>

?S_uniprot uniprot_c:recommendedName ?s_name .

?s_name uniprot_c:fu l.
?S_uniprot rdfs:seeAlgo 20 purl
¥

FILTER (STRSTARTS(STR(?0_ purl), ://purl.uniprot.org/mim/")) oSimillar to SQL

BIND (STRAFTER(STR(?0—pth—httD://purl. unlprot org/mim/" o _id)

BIND (IRI(CONCAT ("http: /bio2ke-ergromim:=-demim—ie)-A6| ?s_omim) language

SERVICE <http://omim.bio2rdf.org/spargl> .MUItlple database

{ search can be applied
?S_omim omim_v:variant ?s_ aIIeIe dbSNP ID , _ pP
?s_allele omim_v:x-dbspp-2s—elbshp- with a simple script

omim_v:mutation 7mutat|on 7
rdfs:label

’?phenotype

BIND (STRAFTER(STR ‘hitp://bio2rdf.org/dbsnp:") A€

6 ?dbsnp_id)

“"ﬂ% PSSJ 2016-06-07 SPDB

PROTEIN DATA BANK
BEMRE




[Application of BMRB/RDF] 12
Data analysis using BMRB/PDB/OMIM database

BMRB Mutation OMIM  dbSNP 2nd SASA% AAG,q

4280  L100V 300005  rs28935168 Coil 225 3.9

4280  R106W 300005 rs28934907 Strand 8.0 11

4280 R133C 300005  rs28934904 Coil 49.4 7.2 }— High SASA
4280 E137G 300005  rs61748392 Helix 417 66 | High AAGy g,
4280 AT40V 300005  rs28934908 Helix 420 1.7

-- detailed information from OMIM--

MeCP2: methylated CpG binding protein
NMR structure 1QK9: Wakefiled et al., 1999

R133

The mutations, R133C and E137 have
been found in patients with X-linked mental
retardation.
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13

[Application of BMRB/XML]
Multiple database search on the PDB;j-
BMRB portal

192.168.39.80 & ’j
IE PBDHB&B Home Deposition ~ Archives ~ We are a member of the BMRB PDBj wwPDB
Everyting  Sequence 5 € Search tabs & settings
. e.g., Entry ID, Macromolecule, Gen Otlgy or Autho I/n
Search filter  Universal search box Search button

WWWWWWWWW
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Found 1574 Documents (0295 - 0 885 seconds) 14

=N 75 8 FOE @E UniProtkB (@ Metabolomics  Ligand Expo @)

Showing 7 - 70 oOf 75 Doclments, order by Refsvance

7 BMRB: 6503 1H, 13C, and 15N complete chemical shift assignments for the apo v-Src SH2 domain

soore; 1767000

Authors: Taylor, J.D., Williams, M.A., Ababou, A, Ladbury, J.E.
Entity: 1. apow-5rc SH2 (palymery, 106 monormers, 140738.34 Da Detail
Formula weight: 14073.34 Da
Organism: Fous sarcoma wirls 2
Exptl. method: MME
Data set: assigned chermical shifts
Chem. Shift Compl.: Assigned residue coverage: 100.0 %, Completeness: 926 %, Completeness (bb) 98.2 % Detail ~

Palyrmer type: polpeptidedL)

Total 1H 130 1
Al Y28 % (1172 0f 1266) 916 % (602 of 65T) 922 % (480 of 488) !
Backbone Y48.2 % (612 0f623) 949.5 % (208 of 209) 971 % (302 of 3113 !
Sidechain 88.89 % (659 0f 742 87.9 % (394 of 443) 89.5 % (247 of 276) 1
Aromatic 54.1 % (66 of122) 4.1 % (330761 53.3 % (32 of 60) l
Methyd 98.0 % (100 0f102) 95.0 % (50 of 513 98.0 % (50 of 513

Release date: 2004-

Citation: NMR N 2 3 4 5 B 7 B 42 domain from the Rous sarcoma vira
Tavlnr 1M Fawars PR okabo & WWilliarmes Mo | adboane | FE

@ PSSJ 2016-06-07 SPDEB
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EMRE €5 UniProtke (@3 Metabolomics  Ligand Expo (@)
Showing 7 - 70 of 543 Documents, arder by Felevanoe
1 PDB: 1YTE CRYSTAL STRUCTURE OF A YEAST TBP/TATA-BOX COMPLEX

Authors: Kim, Y., Geiger, J.H., Hahn, 5., Sigler, P.B.
Entity: 1 (A, B). DMA (ZSMER) (pohymer), 29 monamers, 8987 .892 = 2 Da Detail ¥
210, D PROTEIM (TATA BINDING FEOTEIM (TEFY) (pakymer), 180 monomers,
3(E, F, G, Hy water fwater), 153.015 =4 Da
Total weight: 532176 D0Da
Max. entity weight: 20120903 Da
Organism: Saccharomyces cerevisiae O
Exptl. method: <-RAY DIFFRACTION
Refine. method: Ffree 26.1 %, Fwork 20.1 %, Resolution 1.800 - 5.000 &
Release date:  1994-09-28
Citation: Crystal structure of a yeast TBP./TATA-box complex [
kim, ¥, Geiger, J.H., Hahn, 5., Sialer, P.B.
Nature (1993, 365, 512-520, Pubhed: 8413604 & DO 101 038736551 2a0 & Abstract v
Keywords: TRAMNSCRIPTIONDRA, PROTEIN-DRA COMPLES, TRANSCRIPTION-DMA COMPLER

scorel 1752000

@ PSSJ 2016-06-07 SPDB
B

PROTEIN DATA BANK
MREB



16

Release date: 2004-1Z2-01
Citation: NMR assignment of the apo and peptide-bound SHZ domain from the Rous sa
Taylar, 1.0, Fawaz, B.R., Akabou, A Williams, WA, Ladbury, JE.
J Blomod MR (2005), 32, 339-339, PubMed; 16211495 50, DO 10100751 0858-005-0471-7 &

Related entries: 1. apov-Src SH2, s &) o+ @) v @) = ENtries Detai =

Aligned regions of top 5 related entries

UniProtKB: PE3185, scare: 574 | m

UniProtkB: POOSZ3, scare: 573

bl ] — —
coQQQ
S

[ ]
—

UniProtkB: P15054, scare: 573

0 20 40 (1] g0 1an 120
BMEE: £503, 1. apo v-5rc 3HZ (1 - 10&)

=+ More details for 197 related entries
Kevwords: Fous sarcoma virls, BEEY, 8HZ, Src homoloy 2
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[Application of BMRB/RDF]

MagRO: Tool for highly automated NMR data

analy5|s and deposition to BMRB

MagRO-NMRViewJ
Startup Working directory

setup Fmemau irof/Drophoxfny_kitaimat use  spec_name

e [ ] | R e ol W,

- CSAM Path?

Tools | _| :PDB

Molecule: Show chains |

Chain: Sequence | 2D-strips |

Resid: Wﬂ_}] lw_ﬂ_)“_ﬂ

Syncd: | gap +J—:|U_

N (ave.119.130)
HN 7.475

CA (ave. 53.430)
HA 4.529

CB fave. 38.660)

HE1 2.538 ambig

HEZ 2,688 ambig
NDZ (ave.112.830)

HD2 1 (ave. 7.270)

HD2Z {ave. 7.200)
C (ave.175.160)

N

ore...

Ays remainin

MAGRO version ver1.2.6

(=)E)x)
2D spectra
file_name

Export Chemical shift table for BMRB
Load Acs | Check Acs | Close |

17

FLYA tool for fully automated

Structure analysis

-~ clear - backbone & all signals Close

13C-cormr: ID.D ppm CPU: l4—

MakeDirl Job dir: |flya_test

Pick All spectra

Hoise Filter

Unfold peaksJ <setup |

If required:
Convert xpk-->FLYA

Export Flya files

Import FLYA-->BBass

Import FLYA—>ACS

% Export file: |demu str ..| use spectrum type peak files
- corvection 1H: |0.0 13¢C: |00 15N: 0.0 = hsqc AutoPick
Error 1H:  [0.03 13¢: [03 15M: [03 W chsqc AutoPick
W Increasing _| Decreasing Don'tshow W :moass _|:1H _j :13H | O chsgser AutoPick
BE & Unset stereo _—
AtomNo| Resho | ResTp | AtomTp Shift Ambig | ™ e _futoPick |
b 145 IYE 20.533 3. L7 (I GRS
i 146 16 LYs HGl 0.824 2. 06 anbig O G RO
147 16 L¥s HGZ 1.19 0.62 ambig = ——
ke 148 16 L¥s CD 26.864 1.38 - | ™ hnca AutoPick
149 16 L¥s HD1 1.26 1.40 ambig
b h AutoPick
FE_# 150 16 vs HDZ  1.17 1.76 ambig | SPeacon _ futoPick |
151 16 L¥s CE 38.137 3.72 ~ | ™ hncach AutoPick
i 152 16 Ly HEL  2.592 1.59 anbig ——
2.779 0.76 anbiq | '™ Mbhaconh AutaPick
172.704 1.83 - | ®m nisnoe AutoPick
[X 130.243 2.21 - —
— HN  7.039 1.85 - | ™ hecht AutaPick
«aDE MAT o T-nglesh
[ ome T en 55272 0.70 o P
FIE beoimsiD HR 2.041 4.98 = _
T ¥ N ey E18 CB  30.833 1.03 - | ™ cl13noe-ar AutoPick
m— HE1 1.066 2.90 ambig
LR RN L L HBZ -0.282 7.93 ambig = S
Jeahlel wd el RELAR LaARLE CG 21.766 2.40 = = =
HG1 0.829 2.04 ambig = =
HG2 1.133 0.82 ambig = =/

BEMRE
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" _ Simple editor for SPARQL Query

simple editor for SPARQL Query  Load example | Run Query | Close |

Compound 1D: |8  Query results — X
PREFIX EMEEo:
SELECT 7entry lTarget Comp_ID: PTR  Target Atom_ID: HD2
FROM <http:/
WHEEE { Query results Page: |1 e < » 5> Show | Close |
¥5_Ca Eﬁﬂf Average: 7.039 (ppm) STD: 0.313 (ppm) Total data: 15
0: 3
EMREG : = ID BMRB_IDREntity Res Chem
BMEEO : =
ol 1 19423 9 7.060 N
EMEEn : 3 & 17632 e 5 T.056
U0 3 5 3 1783z P a7 N33
R 4 17932 3 : :
} E en Easy to get averaged chemical shifts
| ¢ 11930 1 fortarget Comp_ID and Atom_ID
T 17931 1 e boUEY
a 17931 1 bl T. 064
q L1l 2 T T. 060
10 17080 e 12 7.106
11 17080 e 24 7. 327
12 18182 2 5 T 1ie
13 4263 2 b T. 380
14 TOE1 2 4 B. 090
15 1150 e 26 6,610
<) 7

MREB



[Application of BMRB/RDF]

Secondary database of modeled structures linked
with the other life science databases

——
SAHG
_ PDB | BMRB |

Selection of models not found in PDB \ /
SAHG
models

Selection of high quality models / \
(segence identity: 40~90%)
Filter total residue numbers [ Refseq ] nlprot

(40~300 residues)

oMM | [ IntAct |

A=

Single Pull-down, Y2H
; Information of
With NMR data no NMR data nucleotide interaction

polymorphism

2,038 1,041



Publication of the secondary database 20

") PDBj-BMRE - Multiple Protein Model Search — Mozilla Firefox =10l

JrAME RERE Tl BED  wiv-0E VoD AH

f-_- —
':\(' ) bmrbdep pdbjarg/ens mp_search hitml c | + & =

.html

E PDBj
Home Deposition - Search - Archives «
BMRB ’

We are a member of the BMRE POE] wiP DB JAPANESE = *

Multiple Protein Model Search

Feedback

(Multiple Protein Model Search for NMR Drug Discovery)

This search engine has been developed for assisting NMR based drug discovery using modeled structures. The modeled
structures are based on the entries archived in SAHG server which has been developed by Chie Motono Bt al. (AIST). The
SAHG project has comprehensively modeled structures for the sequences coded on human genome which are available from
RefSeq database and using a ot of highly trustful homology search and modelling methods such as Modeller. Our server can
search protein modeled structures by key words and the searched results will be linked with not only the original PDE entry but
also the other life science databases such as BMRE, UniProt, Ok and IntAct. Using the chemical shift data derived from
BMRE will be useful for NMR based drug screening.

The search method is easy, 5o just type key words of protein in the entry and press search button. The search results will show
ribbon model and the link of modeled structure archived in SAHG database and PDE like which has been used for homology
modeling and sequence identity. If available, the links for BMRE, UniProt, OMIM and IntAct entries will appear.

— Mozilla Firefox

totono et. al. Nucleic Acids Res. 2011 Jan,39(Database issue). D487-93. doi 10.1093/mar/gkg1057. Epub 2010 Moy 3. )

10150512 _spo_169-2020db ¢ |[ 48 ook

Key word search

Search |

™ Show only entries have OMIM info
" Show only entries have BMRE_ID

7 Show anly entries have interaction = |1D

1D Mutation Phenotype

MET 175 —» ARG | CLEIDOCRANIAL
DYSPLASIA

SER181 -> ASN | CLEIDOCRAMNIAL
- WO RLDWIDE DS PLASIA

£ BD m .P

PDBJ e ‘*‘Im_ MQR & Tl e nseane ARG 225 > GLM | CLEIDOGRANIAL
; BMRB i DiY3PLASIA

ARG 225 => TRP | CLEIDOCRAMIAL
DYSPLASIA

Next 9> — 113850 170 - 293 600211 THR 200 => ALA  CLEIDOCRAMNIAL
DYSPLASIA

/@ ‘Snrt“Entry]Dj‘Display mode | ¢ Detail dispiay © Thumbnail dpiay|_display |

Iy
S
B

&s
I

o

~N
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Automated assign system of MagRO with modeled structuge

and BMRB data
NMR spectra

.

Model Structure Peak and residue type recognition
assisted by neural network BMRB data

¥ L
1 ]

Predicted Chemical shifts nce alignment

: | L

Matrix AyopeL Matrix Ceop Matrix Apss | | Matrix Agt Matrix Agyvrs

Anneal_Robot / FLYA

4

Assignment results
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