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We are collecting chemical shift data in collaboration
with Univ. Wisconsin-Madison and wwPDB
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Stable isotope labeling of protein made
amazing NMR analysis possible!
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‘& Nearly all of the atoms can be labeled with 13C, 15N!
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We can observe nearly all of the atom signals
in protein... each one of the atom

This is really amazing...
as a spectroscopy technique
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How you can imagine, if you can see the signal of
each atom in protein

If you prepare 'SN-labeled protein...

If the protein has 135 amino acid residues...you can use
— the 135 signal as 135 atomic probe —
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If you assign all of the NMR signals....

You can hear the sound of atoms!
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What you can do if you assigned all the NMR signals
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BioMagResBank (BMRB)
Databak of NMR database
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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
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Conversion of BMRB data into machine readable

format

NMR-STAR v3

BMRBxTool

Yokochi et al., J. Biomed. Sem. (2016)

BMRB/XML

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

save_entry_information

_Entry.5f_category entry_information
_Entry.5f_framecode entry_information
_Entry.1ID 15400
_Entry.Title

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:entry id="15400"=>
<BMRBx:accession_dote=2006-12-07+09:00</BMRBx :accession_dotes
<BMREx:bmrb_internal_directory_name xsi:nil="true"/>
<BMRBx:details xsi:nil="true"/>
<BMREBx : experimental _method>MMR</BMRBx : experimental _method>
<BMRBx : experimental _method_subtypes>SOLUTION</BMRBx : experimental _method_sut
<BMRBx:last_release_date xsi:nil="true"/>
<BMRBx:nmr_star_version=3.0.8.100</BMREx :nmr_star_version:
<BMREBx:original_nmr_star_version=3.0.8.100</BMREx:original_nmr_star_wversic
<BMRBx:original_release_date xsi:nil="true"/>
<BMRBx: origination=author</BMRBx :origination:
<BMRBx:sf_category=entry_information</BMRBx:sf_category>
<BMRBx: sf_framecode=entry_information</BMRBx:sf_framecodes
<BMREBx : submission_date>20006-12-07+89 :00</BMREx : submission_date>
<BMREx:title-Backbone and side chain chemical shift assignments of the F1°
5-flurotryptophan mutant of human cardiac troponin C</BMRBEx:titles
<BMRBx:version_type=original </BMRBx:version_type=
</BMRBx :entry=
</BMRBx : entryCategory>

bmr15400.str

MREB
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Toward the more machine readable format
RDF: Resource Description Framework

BMRB/XML

BMREx
BMREx : 1d="15468"
BEMREx: 20B6-172-87+09 : 98-/ BEMREx :
BEMREx: xsi:nil="true"
BMRBx : x51i:nil="true"
BMREx ; NMR =/ EMREx ;
BMREx ; SOLUTION</BMREx:
BEMREx: xs51:nil="true"
BEMREx: 3.8.8.100-/BMRBx:
BMRBx : 3.8.8.100</BMREx:
BEMREx: xsi:nil="true" BMRB/RDF
BEMREx: author</BMRBx :
BMRBx : entry_information</BMREx:
BMRBx : entry_information</BMREx:
BMRBx : 20B6-12-87+89: 06 /EMREx
BEMREx: Backbone and side chain chemical shify
5-flurotryptophan mutant of human cardiac troponin C</BMH

EMREBx: original</EMREx:
BMREx ;

BMREBx :

bmr15400.xml
BMRBoTool
AN
.
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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 AAG, 4

4280  A140V 300005  rs28934908 Helix 420 1.7 Y

-- detailed information from OMIM--

R133 MeCP2: methylated CpG binding protein

E137
T~

NMR structure 1QK9: Wakefiled et al., 1999
The mutations,R133C and E137 have been

found in patients with X-linked mental

retardation.
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Multiple database search on the PDB;j-

BMRB portal
= Search tabs & settings
Search filter  Universal search box Search button
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UniProtke @@ Metabolomics Ligand Expo E))

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
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MagRO
A tool for integrated NMR data analysis
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MagRO: A package of tools for highly automated NMR data
analysis

C] MagRO-NMRViewJ

Startup

Working directory

setup | Fmefnauhlm.’Dm

phoxiny_kita/mat
3 A

CSAM Path ita 3
v
Plugins: - Tools | | :PDB
Molecule:  Show chains |
Chain: Sequence | ZD-strips |
Resid:  [ASN ﬂ_)l B ﬂ_)l ﬂ
SyncJ: i gap +-: IU_ i
N (ave.119.130) A
HN 7.475
CA (ave. 53.430)
HA 4.529
CB (ave. 38.660)
HE1 2.596 ambig
HEZ 2.666 ambig
ND2 (ave.112.830) ore...
HD21 (ave. 7.270)
HDZ22 fave. T.200) Ays remaining

C {ave.175.160)

L W)L W

2D
2D

2D

use

spec_name

1H-TOCSYL
1H-TOCSYZ
1H-NOESYL
1H-NOESYZ

use

spec_nhame

MAGRO version ver1.2.6

2D spectra

file_name

EEE

insulin_tocsyBO0ms.ny

insulin_tocsyB0ms.ny

3D specira
file_nay

insulin_noe

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

Export file: [demo.str

correction 1H: |0.0 13C: |00 15H:
Emror 1H:  |0.03 13C: |03 15H:

W Increasing _| Decreasing Don'tshow M hoass | :1H | 5H |
W Unset stereo

" _ FLYA setup module
-~ Clear - backbone & all signals Close |

13C-comr: IT ppm CPU: ld—

Makel)irl Job dir: |wm— ..

Pick All spectra

AtomMo| ResNo | ResTp AtomTp | Shift | §TD | Ambig | Moise Filter
145 1e  Lvs CG 20.533 3.34 ~ | Ifrequired: Unfold peaks | <setup
146 16 L¥s HG1 0.824 2.06 ambig —JQ
147 16 L¥s HG2 1.19 0.62 ambig Convert xpk—>FLYA
148 16 Lyg ob 26.864 1.38 - ey
149 16 L¥3 HD1 1.26 1.40 ambig
150 16 L¥3 HD2 1.17 1.76 ambig Import FLYA-->BBass Import FLYA-->ACS
151 16 Lvs CE  38.137 3.72 - | use spectrum type et
152 16 L¥3 HE1 2.592 1.69 ambig
153 16 LYS HE2  2.779 0.76 ambig | ™ Psac ETRRIRER
154 16 L¥S Co172.704 1.83 . T
155 17 L¥s N 130.243 z2.21 = ———
156 17 L¥s HN 7.032 1.85 - | M chsgc-ar AutoPick
157 17 LY cR 55.274 .70 - | m hneo P
158 17 L¥S HR 2.041 4.98 - RS
159 17 L¥s CB 30.893 1.03 - | ™ hncace AutoPick
160 17 L¥s HB1 1.066 2.90 ambig  Epe——
161 17 L¥s HE2 -0.282 7.93 ambig | ™ Pneoca furto Fick
162 17 L¥S cG 21.766 2.40 | m hnca e —
163 17 L¥s HG1 0.829 2.04 ambig —
164 17 L¥s HG2 1.133 0.82 ambig | chcaconh AutoPick
W hncach Auto Pick
™  hbhaconh AurtoPick
M  nl5noe AutoPick
W hccht Auto Pick
®  cl3noe-al AurtoPick
W cl3noe-ar AutoPick

GUIls and automated tools
suppot user to analyze NMR signal easily

5
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There are many programs that can assign
NMR signals automatically

However...
None of them can start from peak identification

[Why?]
* SO0 many noises and artifacts in NMR
spectra
» Difficult to get weak important signals
« Sometimes signals are overlapped
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By the way, the technology neural
network has been developed
dramatically in this a few years

Many layered and connected neural
networks is now called:
Deep Learning (DNN)

Developments of techniques for deep
layered parceptron
Developments of Graphic Processing
Unit (GPU)
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What is Convolutional Neural Network (CNN)?

Convl Pooll Conv2 Pool?2

40x40
—_ — > AI%L\

Convolution

Max-pooling Fonvo!ution Max-pooling
Filter size:5x5 Window: 2x2 Filter size:5x5 Window: 2x2
Stlide 1 Stlide:2 Stlide:1 Stlide: 2
Hidden leyer

O

ON)ut-put

o @

10x10x32 tensor —> o/o —> Noise or Signal?

o
128 dim

Neocognitron: Fukushima et al. (1979)
LeNet-5: LeCun et al. (1988), DQN Hassabis et al. (2015) 20




CNN+FNN->ZNN: fully automated noise/signal recognition

wiggle
close lone

strong
=an
weak

side-chain

border

1600dim 5-leyer | CNN ENN |5 51 N

spec-type

ZNN |10-=8-=1 NN

|

Noise or Signal?

CNN: like a “eye-sight” of human, can recognize 2D NMR image
but the view field is narrow

FNN: collects the other information, helps CNN

ZNN: integrates CNN, FNN noise/signal recognition

BEMRE
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Perfectly automated assignment system
using Id_Robot + Anneal Robot

3D-NMR spectra: HNCO, HNCACB, CBCA(CO)NH

Peak identification: CNN/FNN->ZNN

|d_Robot .‘

THN-SNo clusters, Ca, CB, CO chemical shifts

Matrix Cooy | | Matrix Aagg | | Matrix Agy | —

Anneal Robot 1

Annealing sequential assignment | <

L

Assignments

Random mutation
20cycles

40stages
(Total:800 annealings)

22



Performance of new version

Backbone signal assignment (117 a.a.)
manual: 6-8 hours
semi-automated (previous version): 30-60min

new version with Al: 50sec (4-CPUs)
30-60 times faster!

...this is only working for spectra with very good quality
still required improvements on peak recognition
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