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O Brief intro on fragment-based drug discovery (FBDD)

d The relevant Mnova software tools for

O QC and solubility test of library compounds and building the reference
spectra database.

U Pooling of compounds with least peak overlap.

W Batch analysis of 1D ligand-observed screening spectra.

O Analysis of 2D chemical shift perturbation spectra. 1 O +
O Demo u
d Questions years

” novating for our customers
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1 NMR has been widely used for high-throughput or detailed hit finding and
hit validation since mid-1990s
O Ideally suited for detecting ligand-protein bindings with K, in pmol-mmol range.

O “In-built” quality control: structure consistency check, concentration measurement, and
binding assessment all from the same sample.

U Ligand-observed NMR binding spectra: commonly used for primary fragment
screening, no labeling needed, no size restriction by receptor, *H or 1°F
a STD (Saturation transfer difference exp.)
a T1p (Relaxation-edited exp.)
Q CPMG (Relaxation-edited exp.)
a WaterLOGSY (Water-ligand observed via gradient spectroscopy)
O Protein-observed chemical shift perturbation spectra: Residue-specific info,
mapping to binding site on protein, K; measurement, SAR-by-NMR etc.
a 15N or 13C labeled HSQC spectra of protein.
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O A typical mid-size compound library: 500-2000 compounds
0 H detected experiments:

U Primary screening: 6-12 fragments with min. peak overlap per sample => 50-300 samples per library =>
primary hits in a few days.

U Confirmation of hits: single compound samples.

L 1°F detected experiments: high sensitivity (low-um concen.), simple spectra,

large 61°F range
O Mixtures of 10-30 cmpds per sample => 20-50 samples per library.

0 IH->N or H-13C HSQC of target protein

U One spectrum for each ligand to compare with the reference spectrum.

O Or 6-10 titration points per ligand for titration analysis.

O Hundreds or thousands of spectra to process and analyze: a bottleneck.
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Quality control and databasing of library compounds
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L The example here has a dataset organized shown below.
Note your data does not have to be exactly like this.

5F|EC+r‘|"||:||5 20 pdata
SMDI 1000001 —— > 3 \ s
20 | flstructure1.m.:.| : acqus
| audita.bd
. " fid

SMDI 1000002 70 | format.temp
20 71 | order

21 | jstructure?_.mcul order.bxt
SKADH 1000003 | orig
SMDI 1000004 | prosol_History
| pulseprogram
SMDI 1000005 :
| scond
SMDI 1000006 :
| uxnmmr.par
SMDI 1000007
SMDI 1000008
Multiple datasets Each dataset has a Each H-1 has the
located under a H-1 (20), HSQC typical Bruker files.
parent directory (21),and a We will reprocess
“spec+mols” molecule file .mol using the fid files



Once you are ready, start Batch Verify by choosing Analysis | Verification | Batch
Verify. The sample data mentioned previously is used as an example here.

In the Main tab, setup the NMR and structure files to use and the Results folder etc.

=

Main PrefiPost DB Options
Data Location
Main Directory: CifMestrelabyProjects/ Demo Data/ASV-+gNMR+DE(20100322 Lee Griffith’s data - spec mol together/spec+mals | El
Expert
=T
1H Psth Mack: | =/20/fid v‘ =c)
13C Path Mask: | ~| e
HSQC Path Mask: | e ‘ =
Other Files Mask: | e ‘ =<}
Results
Directory: Ci/Mestrelab Projects/Demo Dats/ ASV-rgNMR+DE/20100322 Lee Griffith's dats - spec mol together/Result | =]
[ saveTore

[] Advancsd options

=W

Main PreBiPost DB Options
Data Location
Mazin Directory: ‘C:fMEtrelabfProject!\fDem Diata/ ASV+gNMR+DE/20100322 Lee Griffith's data - spec mol together/spec+mols | El
Expert
= o= | BT
Main Directory: |ab,|’Projecthem Data/ ASV+qNMR+DE/20100322 Lee Griffith's data - spec mal bge&‘er,fspeﬁmls‘ ]
Path Mask: | */% mal \/‘ =]
[] Associste By Name
[] Associste By SDF Tag:
Results
Directory: C:/MestrelabyProjects/Demo Dats/ ASV-+GNMR-+DE/20100322 Lee Griffith's data - spec mol together/Result =

[Jsevetone
l:‘ Advanced Options




In the Pre&Post Tab, specify the processing template to use for all the H-1 NMR processing:

=& w

Main PrefiPost DB Options

Solvent

Replace Default With: | |

Pre Werification

l iH Processing Template: l |Da'lafA5V+qNHR+DBfZOlDIJ322 Le= Griffith’s data - spec meol together/spec+mals/H-1 processing templa'he.mnpl El

13C Processing Template: | =

HSQC Processing Template: | | =]

Post Verfication

o o | =
Advanced

Pre Verification Function:

Post Verification Function:

|

Pre Verification Script: | | =]
|
|

Post Verification Script:




In the Options Tab, choose to do quantitation (determination of molar concentration using
external reference info in this case).

= E

Main PrefiPost DB Options
Basic Options
l:‘ Predict & Compare
[ ] Reference Spectra to 1H

qNMR.

aNMR

Report gNMR Results in Documents

|:| advanced Opticns




In the Options Tab, click gNMR Settings button to define the details for molar concentration
determination.

Calculations Options

Cancentration Method |

O Internal Reference @ Concentration Conversion Factar

Conversion Factor: £.0000100000 2] [ mm v || Autoset |
Expert

Recsiver Gain: |6.35 | |:| ‘Compensate Receiver Gain

Number Of Scans: |16 | |:| Compensate Number of Scans

900 Pulse: 2.0 | [] compensate 00 pulse

DIGMOD: 1 | Notes: Library

Pulse Program: | |

Instrument Name: | |

Probe Name: | | W

Autoselection Algorithm |

Load Cencentration Data

Fies Directory: | | (=]

Path Mask: | o |




Once the settings are done, click OK to start the batch processing. It process all the spectra,
does structure verification and quantitation.

Log:

[2017-04-17T02.53.33] Processing Group 1 of 27 (Molecule 1 of 1)...Done
[2017-04-17T02.53.3%] Processing Group 2 of 27 (Malecule 1 of 1)...Done
[2017-04-17T02.53.51] Processing Group 3 of 27 (Malecule 1 of 1)...Done
[2017-04-17T02.53.55] Processing Group 4 of 27 (Molecule 1 of 1)...Done
[2017-04-17T02.54.01] Processing Group § of 27 (Molecule 1 of 1)

Estimated Time Left: 0 hours 2 minutes 41 seconds m ii .




Upon completion, the verification results are written to under the specified Results directory.

Choose Analysis | Verification | Verify Viewer, and click the Load button to open the results.dat
file. All the results are loaded for visualization:

SRR B

ings. rt Saveto DB  Show Active

(=] Quality Significance  Score P A

14 LS00028324.10.fid 0.39 310 0.47(50%) 99

. 15 L500028554.10.fid 0.41 6.12 0.47(50%) 90

Table View -—---

‘/ 17 L500022373.10.fid 0.23 477 0.28(50%) 99

20 | LSDDDD6172.10.fid -0.38  6.30 -0.44{50%) 51
[ S PO PO p— .
< > well Plate Showing; Verification Quality hd
Individusl Tests
Name Quality Score Significance g\i/}\\\‘/p
TH Muclides Count 0.02 006 069 |
M. =N
~,F 2
1H Prediction Bounds Metric 0.02 004 121 47

J o]

L

[~] atimr

Goncration Aversges [ooee | |11 1 231,835  7992.5120  0.0800 3179.6833

RMSD{%): 10(dd) 1 772776 81936170 0.0819 26025795
M 12(d) 1 731735 82168616  0.0822 3005.7810
Report




In the Verify Viewer, click on any items in the Table or Well-plate View to see the details of the
spectrum/molecule. Pay attention to the ones with red/yellow flags. You can re-analyze the results
(peak picking, multiplet analysis) and apply Verify or gNMR to revise the results for the current

spectrum.

* 5O B %

Clear  Seitings Report SavetoDB  Show Active

Title Quality Significance Score P !50(]005172 10.fid

10,50
2
2
2
2
3
3
2
2
5
4
El
3
3
2
0
9
7
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Well Plate Showing: Verffication Quality - 10 (dd) 24' (o
774 1.55
Individual Tests
ol al 7(s) 11 (d) 12(d) 17 (q) 22,23 (p)
Name Quality Score Significance T ! 1093 8.33 7.3 4,30 176 .
H Nuclides Count 002 006 069 N‘I /I*‘J Mol . Farge Abe. gl Concent aion =h
1H Prediction Bounds Metric 0.02  0.04 121 LI s ! 831.838 T 8180 00800 1.5
J o 10{d) 1 7.72.776 81938170 00819
HN 11, 17. ‘Concentration Average: 0 0814 miv
~
7\3/ S’ N CHa ANED: 12024 23
. I | ‘E |
21 13 /IO
23 N 12
Verify results N
24 :E 24
g~
= 7 1
QMR ‘
1
- 11(d) 1 831.835 79985180  0.0800 3179.6833 L“
! — L_u L
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i 1 o1 Ll
12(d) 1 731.735 82168616  0.0822 3005.7810 = 2 = = g e
Tzl ANINAD vraciil+ce T ——T T —— —— T T —— T 1
\4 INTVIIN T COoOUlItS 13.5 13.0 125 120 115 11.0 105 10.0 95 9.0 8.5 B.ﬂ 7.5 7.0 fﬁ.(S EA.)G 5.5 5.0 4.5 4.0 3.5 3.0 25 20 15 1.0 05 00 -0.5 -1
1
[ ] gom. n




Once you are ready, create a new database to save the spectra and molecules.
Choose Database | Connect to connect to the DB Server.

Server: | localhost e |
Port: | Cod |
User: |TEt |

|

Passwiord: |da‘labase

Save Password Show Password
Cancel
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Typically we add a custom field to Er =

hold the compound IDs of each N
spectrum. Name: TKD_REF_DB Server: localhost:5504

Description: |with corp_id added

Usually a short script is necessary to

Creator: Test Server Version: 1.7.0 Fields: 115
eXtract the com pound IDS from the Created: 2017-01-30 07:39:44 Client Version: |11.1.0-18597 Records: 62
NMR filename, Title, or Comment save.. Load...
Items
fields and save them to the relevant — _ -
ame Type  Fields Comment
field(s) in the database' 1 Molecule COMP 28 Molecules (mandatory]).
2 NMR Spectrum  NMER 58 1D and 2D NMR spectra. v
Fields
D ltem MName Type Size Content Cor ™
cwr rewinspsiuuin raye weLdon v
282  NMR Spectrum  PagelD TEXT 100
283 MMR Spectrum  Created DATETIME 0 -CREATED-
2,84 NMR Spectrum  Modified DATETIME 0 -MODIFIED-
2.85  NMR Spectrum  Mnova Version TEXT 100




Mestrelab Research .
chemistry software solutions Build Ref Database

Click the Save to DB button. This will save all the spectra/molecules to the database.

-
= E *® & O|@| %

Load Save Clear Settings Report | Saveto DB | Show Active

Title Quality Significance  Score Purity 2

o o I S -
.
0.27(50%) undefined
-—---meﬁned
[ 5 0.48(50%) undefined

04(30%) undefined

-—---mm

MNMR fragment library crpd -0.33 -0.40(50%) undefined
9 -025 507 -0.29(50%) undefined
10 -0.03 353 -0.04(50%) undefined
1 -035 724 -0.40(50%) undefined

12 0.14 410 0.18(30%) undefined v Well Plate Showing: Verification Quality ~

Individual Tests

Name Quality Score Significance

TH Nuclides Count -0.14 | -030 0.88

e N '-
Ho— A\
1

"

y




Record view of a record in the database:

File  View Configure
@ Molecule Preview & X  Button Mavigator
T -8 LG
— | 9® - mndb://Test@localhost:5504/ _REF_DB/3
— M.
o q b
@ ; NMR. Preview
Fields ax @EH-® -4
©H-~
Field Content
30 Molecular C11HOFN20
Formula 8(d)
Monoisotopic ,ﬁ,f:,
3:0:10 M 204,069289099%99998 ki
ass 11 {dd}
3134 Title El
3138 Solvent DMSO 2
3145 Nucleus 1H ==
6,13,1415 (dp)
3146 Acquisition Date 7“'355
31:55 2"“”””1 ster 499.83045 '
requency o
3:1:57  Spectral Width 7997.60033062 all
31:58  Temperature
315 Jeniication 0.2197333985941979
Quality
Verification )
3167 Signifi AA72047500201683
ignificance
31:115 _REF_CORP_ID 5 i . . . r .
12 11 1 9 8 ]




Table view of multiple records in the database:

e3xe

Table View

@

File View Configure

mndk
Test@
5304/

mndk
Test@
5504/

mndt
Test
5504,/

mndkt
Test@
5504/

mndk
Test@
5504/

mndt
Test@
5504,/

mndkt
TestE
5504/

mndk
Test@
5504/

mndt
Test@
5504/

mndk
TestE
5504/

Muolecule
Record

Molecule Molecule

Aalecular Formuli Aonoisotopic Mas Preview

C7TH11M502

CaHEF3N30

CITHSFNZO

CBH7MN30

CEH3NS

CTH4CIFNS

C1TH10N205

CaHanN202

COHTIMOS

CTH1TM302

197.091275 o
217.0462959999... .

204.0698%09999... P

161.0589120000...
147.054485
198.0108519999...
= e
218.0513839999... J A
164058578 ¢

181.0561349999... v/

197.091275 e

NMR Spectrum
Preview
vl

vl

NMR Spectrum
Solvent

DMS0

DMS0

DMS50

DMS0

DMS0

DMS0

DMS0

DMS0

DMS0

DMS0

A

"

"

A

i

n

A

i

MNMR Spectrum NMR Spectrum
RP_ID  Verification Quality

-0.5677405007238906

0.561782572548758

0.2197333985941979

0.5335363582986555

0.5974437067849733

0.03254973259570436

-0.399960292040004..,

-0.353878610277280...

-0.234238736874625...

-0.3677405007238906




We have done this for several libraries of 1-3K compounds.
After some trial and error in setup, each run usually takes 3-4 hours to complete.

The tools make it very convenient to browse through the results, focus on the ones
with possible problems and make changes as necessary.

There are typically ~10-20% of compounds with red flags and the problems are mostly
real problems with the compound itself, low solubility, or low-quality spectra.
Sometimes Mnova makes mistakes too.

The database tools makes much more efficient to manage the data.




MixDesign for pooling compounds
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Goal: To optimize the combinations of 6-10 compounds per mixture, so that peaks within
region of interest don’t overlap, or at least one non-overlapping peak for each spectrum

Why? More reliable for subsequent analysis to “deconvolute” the compounds in the
mixtures.

noesyprid 1-5-8.1.fid

T
L=}

Mixture #3 M

I L ’

hoesyprid 1-3-8.1.fid
r6
F4
|
hoesyprid 2-1-2.1.fid ===
r5
| L] 5

noesyprid 1-2-3.1.fid H M iXtu e #2 Lg [

Inoesyprid 1-4-8.1.fid
6 .
3
noesyprid 1-1-10.1.fid fe r1
- ’
| F2 F——r—

6.2 6.1 6.0
Inoesyprid 1-1-7.1.fid [
l _4 —1
N A
noesyprid 1-3-3.1.fid VI :

noesyprid 2-3-2.1.fid

time

time

time

—
ls 1 6.0
noesyprid 2-2-7.1.fid
r2
P PP S, SR eSS
Inoesyprid 1-7-9.1.fid
ri

0 89 88 87 86 85 84 83 82 81 80 79 78 7.7 7.?HZ.S 7).4 73727170 69 68 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0
ppm




The MixDesign.gs script can pool compounds using the ref spec either saved in a DB
or using the raw data. Choose Scripts | Run Script to run it.

Where to Start?

(@) From DB () Saved Peaks () Raw Data

Base Directory: s for Seanf1, Original data/BPL Export | | ..
Path Mask: | *.jdx

Proc. Template: |EF-processing-template-APh-BC.mnp | | .. OFEI'I Datshase l:l Selert IDs from CSV File

Saved Peaks File: xDesign/MnovaMi:DesignPeaks.pks | | Figld with IDs | Acquired Size * | | Praview File
PabloSe -

How to Group Compounds? C5V IDs File:

Max. Compounds per Midure: |6 = | “ Cancel
Min. Distance for Nen-overlapping Peaks: m ppm
Regicns of Interest (ppm)

From to
] From 300 = to 200 =
] From 150 = to o5 |
] From 000 2| to oo =

Results

Results Directory: lﬂ Pool compounds/Pocling results
[ ] export POF

D Save Mnova Binary Files

Close Spectrum When Done

Create Reference Spectra List for Mnowa Screen

[sa ]| conce




If to start with the raw data, a processing template is used to process all the spectra:

Whers to Start?
() From DB (") Saved Pesks (@) Rew Dsta

Base Directory: 'kf‘bw results fc ny1. Criginal datafBPL Export |

Path Mask: |*/fid |

Proc. Template: |eﬁ‘Fu:aﬁnnfREl'—pmﬂusing-templa‘he—ADh-BC.mnp|

Saved Peaks File: [00.02.04_Me:Design/MnovaMoxDesignPeaks.pks

How to Group Compounds?

Max, Compounds per Micture: |6 = |

Min. Distance for Non-overlapping Peaks: ppm

Regions of Interest {ppm)

From ©
[] From 0 5 to 200 =
] From 150 |2 to 0.5 =
[] From 2 o 0. 3

Results

Results Directary: |.|Hs for 7. Pool compounds{Pocling results
[ ] export POF

I:‘ Sawe Mnowa Binary Files

Close Spectrum When Done

Create Reference Spectra List for Mnova Screen
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 Example:
* 1578 H spectra/compounds.
* 6 compounds per mixture.
* ROI: 9-6 ppm.
* 0.04 ppm as minimum distance for non-overlapping spectra.
* Got 263 mixtures in ~“40 minutes.
* 13 of them have one spectrum completely overlapping.

* The output spreadsheets can be used by Mnova Screen for associating mixture spectra
and reference spectra.

* We continue to improve the script based on users’ feedback




Mnova Screen for ligand binding spectral analysis




Processing
template

STD/T1p/wL
spectra

Batch process
and group spectra

Ref.
spectra

Detect peak
intensity change

Stack spectra
and generate
reports

User inspects
selected
experiments

Mnova file

| for each sample

Overall results in
a spreadsheet




H-1 or F-19

Single compounds or mixtures

With or without reference spectra

Single or multiple types of spectra (STD, T1rho, WaterLogsy, CPMG)

Use of Blank, w/ Protein, & w/ Protein+ Inhibitors

o O 0O O O O

Mnova Screen can handle all of them
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L 263 STD on/off resonance spectra for a total of 1,578 compounds.

O Each mixture has 6 compounds.

O A lookup table for Screen to find the reference spectra for each sample.

File Edit Format View Help
l#USE_DB: true
#DB_SERVER: localhost
#DB_PORT: 5584
#DB_USER: Test
#DB_PASSWORD: database
#DB_DATABASE: _REF_DB
#DB_ITEM: NMR Spectrum
#DB_FIELD: _REF_CORP_ID
o gl —

S Z

S Z

S Z

S Z

S Z

S Z

#MIXTURE: @e2

S Z

S z

S Z

S Z

S Z

S Z

#MIXTURE: @e3

S Z

S Z

S Z

S z

S Z

s z —

N
©

Database related information. Enter info about your
database server, login account, database name, item and
field (where to find the compound IDs).

IDs of the fragments for each sample/mixture.



L The Processing and Analysis tab: setup for Reference spectra.

Project  Datasets  Processing and Analysis

General Options

Minimum Matched Peaks to be Present: |2[] = | o Optimise = | ?
Tolerance for Matching Peaks: |2.U o | * Ref Peak Width Optimise = | ?
[ calculate Intensity Changes using Nearest GSD Peak instead of Sum Integration Change ?
[ Use Center of Matched Scout Peak instead of Reference Peak ?
[ calculate Intensity Changes using Peak Height instead of Peak Area ?
Use Blank STD, T1rho and CPMG Peak Matching to Identify Missing References ?
Regions of Interest: From To
1 6 9
Add Region
Remove Region

Scout  Reference  Tirho  STD  wlogsy  CFMG

Frocessing: normalise largest peak (by area) in regions of interest to intensity 600 Edit | |2
g Ignore peaks with height fess than 10% of maximum peak :
Save Parameters Load Parameters Reset Script Behaviour Summary Cancel




L The Processing and Analysis tab: setup for STD spectra.

Project  Datasets  Processing and Analysis

General Options

Minimum Matched Peaks to be Present: |20 S| % Optimise | | ?
Tolerance for Matching Peaks: |2.t] o | * Ref Peak Width Optimise | ?
[ calculate Intensity Changes using Nearest GSD Peak instead of Sum Integration Change ?
[] Use Center of Matched Scout Peak instead of Reference Peak ?
[ calculate Intensity Changes using Peak Height instead of Peak Area ?
Use Blank STD, Tirho and CPMG Peak Matching to Identify Missing References ?
Regions of Interest: From To
1 6 9
Add Region
Remove Region

Scout  Reference  Tirhe  STD  wlogsy  CPMG

don't normalise

processing tmpl: Cy/Users/Peng/Dropbox (Mestrelab l/MEE nplate-Ph-WTBC.mnp
Processing: Off-resonance spectrum is the second one Edit | ?

add difference spectrum

Ignore peaks with hefght less than 20% of masimum peak

Minimum average peak intensity change for hit: |1£] >l % Optimise | ?

Sawve Parameters Load Parameters Reset Script Behaviour Summary Cancel




O Batch processing finished in about 2 hours.

263 experiments found:
001 - NOT BINDING (1 missing, 5 present, 0 specific hit, 0 non-selective hit)
002 - BINDING (0 missing, 5 present, 1 specfic hit, 0 non-selective hit) Experiment  Fragment1  Fragment2  Fragment3  Fragment4  Fragment5  Fragment 6 Result  Comm
003 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit) o
004 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) O 001 missing NOTBINDING  Ref 001_
005 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit) |:| 002 specific hit BINDIMNG Ref 002_
006 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) PR
007 - BINDING (0 missing, 3 present, 3 specific hit, § non-selective hit) g 003 specific hit BINDING Ref 003 |
008 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) |:| 004 MNOT BINDING ~ Ref 004_
009 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) D 005 specific hit BINDING Ref 005
010 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) —]
011 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit) O 006 MOT BINDING  Ref 006_
012 - BINDING (0 missing, 5 present, 1 specific hit, 0 non-selective hit) | 007 specific hit specific hit specific hit BINDING Ref 007_
013 - BINDING {0 missing, 4 present, 2 specific hit, 0 non-selective hit)
014 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) D oog NOT BINDING | Ref 00
015 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) ] 009 NOTBINDING  Ref 009_
016 - BINDING (0 missing, 5 present, 1 specific hit, 0 non-selective hit) O 010 NOT BINDING  Ref 010
017 - NOT BINDING (1 missing, 5 present, 0 specific hit, 0 non-selective hit) D o ific hi BINDING RefO‘I‘I_
018 - BINDING (0 missing, 5 present, 1 specific hit, 0 non-sslective hit) specific hit -
013 - BINGING {0 missing, 3 present, 3 specific hit, 0 non-selective hit) |:| 012 specific hit BINDING Ref 012_
020 - BINDING {0 missing, 4 present, 2 specific hit, 0 non-selective hit) - . - .
021 - BINDING (0 missing, § present, 1 specic hit, 0 non-selective hit) |:| o3 specific hit specific hit BINDIMNG Ref 013_
022 - NOT BINDING (0 missing, 6 present, 0 specific hit, 0 non-selective hit) ] 04 NOTBINDING ~ Ref 014_
023 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) D 015 MNOT BINDING  Ref 015
024 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) P —
025 - NOT EINDING (0 missing, & present, 0 pecific hit, 0 non-sslzctive hit} 0 o specific hit BINDING | Ref(16_
026 - BINDING (D missing, 3 present, 3 specific hit, 0 non-selective hit) |:| 07 missing NOT BINDING ~ Ref 0170
027 - BINDING (0 missing, 5 present, 1 specific hit, 0 non-selective hit) I:‘ 018 specific hit BINDING Ref 018
028 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) —— —— —— =
029 - NOT BINDING [0 missing, & present, 0 specific hit, 0 non-selective hit) |:| 09 specific hit specific hit specific hit BINDIMG Ref 019_
030 - NOT EINDING EU missing, & present, 0 SPBE'K :‘m [ non-seﬁve :rt; O 020 specific hit specific hit BINDING Ref 020_
031 - NOT BINDING (0 missing, & present, 0 specific hit; 0 non-selective hit e L
032 - BINDING (0 missing, § present, 1 specific hit, 0 non-selective hit) | 021 specific hit BINDING Ref 021
033 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit) |:| 022 NOT BINDING  Ref 022_
034 - BINDING (1 missing, 4 present, 1 specific hit, 0 non-selective hit) |:| 022 MOT BINDING  Ref 023
035 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) =]
036 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit) [l 024 NOTBINDING  Ref 024_ v
037 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) < >
035 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit)
039 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit) Visualization Options
040 - BINDING {0 missing, 4 present, 2 specific hit, 0 non-selective hit) Referances Trfre
041 - BINDING {0 missing, 5 present, 1 specific hit, 0 non-selective hit)
042 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit) Specic Hit Non Selective Hit Missing Present 1- 5TD Protein 2- STD Protein 3- STD Protein Difference
043 - NOT BINDING (0 missing, & present, 0 specific hit, 0 non-selective hit)
044 - BINDING (D missing, § present, 1 specific hit, 0 non-selective hit)

Reference Display Text: | Status - Export Discard Save




-

1 Mnova Screening Results Editor

Experiment  Fragmentl1l  Fragment 2

__ Full View &

005
== 0og rrissing
» | Stacked Spectra a
‘ Report Copy Delete
: v Expot | | Discard | | Save
a
L}
11
m T
9 Bl oo
-
: - A B c D E F G H I |
Experi Refere Status Label  Ref Average STD Protein Tlrho Protein  Tlrho Protein
‘ ¢ ment nce Peak  Scout/Blank Match Average Max Intensity
3 Gl s g eference 5 | Count  Match Proportion  Intensity Change
+ B Proportion Change
| : B
2 g e 2 551 present 51 19 42.10% 0.00% 14.50% 43.40%
g projctiord 3 552 present 52 12 33.30% 0.00% 26.20% 81.80%
‘ 1005 - Profy g 553 present 53 9 44.40% 0.00% 17.20% 33.60%
5 554 present 54 9 B8B.90% 0.00% 7.70% 19.50%
! @ 6 555 specifichit 55 a 50.00% 87.50% 45.40% 51.90%
== 7 556 present 586 7 57.10% 0.00% 17.70% 45.10%
8 557 missing 57 0- - 0.00% 0.00%
9 558 present 58 11 27.30% 0.00% 22.20% 52.20%
10 991 missing 9.1 1 0.00% 0.00% 18.30% 18.30%
11 992 specifichit 9_2 7 71.40% 28.60% 13.80% 24.90%
12 993 present 9 3 12 66.70% 0.00% 12.30% 31.80%
13 994 specifichit 9_4 22 59.10% 27.30% 18.20% 28.40%
14 995 present 95 19 63.20% 0.00% 7.90% 30.90%
15 996 present 96 B 50.00% 0.00% 4.00% 6.60%
16 997 present 97 9 77.80% 0.00% 5.70% 22.40%
17 99 8 specifichit 9_8 32 62.50% 31.30% 12.10% 43.10%




O  Two thresholds are defined by the user:

O  7;: minimum intensity decrease for a hit.
Q T,: minimum intensity recovery rate for a specific hit.

O IfAl,>T,and R > T, : specific hit (see Ex.1 below)

O IfAl,>T,and R < T, : non-specific hit (see Ex.1 below)

Example 1 T,=5% Example 2

Al,~ 60% Al,~25%, R~ 35% Al,~60% Al,~58% R~ 2%




M

* Two mixtures with 8 compounds each.

» Using STD difference spectra, and T1rho (short/long-spin lock).




Typically it takes about 3-4 hours to complete a screening batch of 2-300
mixtures.

Using database of reference spectra is usually faster.

The automated results are comparable with careful manual analysis results
but much faster. See results comparison and discussion at

C. Peng, A. Frommlet, M. Perez, C. Cobas, A. Blechschmidt, S. Dominguez, and A.
Lingel., J. Med. Chem. 2016, 59, 3303-3310.

The tools that allow you to easily browse through the results, and verify and
correct them manually is very convenient.

Mnova Screen has been used routinely by > 10 companies.




Mnova CSP - Chemical shift perturbation analysis




M

L Mnova CSP allows you to process and analyze a series CSP spectra fully
automatically, or interactively, or both

Q Full automatic processing and analysis starting from 2D raw data to Kj’s
O Prepare 3 information files: Titration file, Ligand file, Peaks file; and enter them to CSP.

U CSP processes all HSQC spectra, stacks them, tracks the peak movements, calculates the CSPs and K, for
each peak, and does statistics of all the Kys.

O Manual analysis
U You open and stack multiple HSQC spectra interactive.
You pick the peaks and let CSP monitor automatically track their shift path across all the spectra.

a
O You manually correct the peak tracking as needed.
a

CSP calculates the CSPs and K, for each peak, and does statistics of all the Kys in real time.




O A reference peak, usually assigned to an amino acid residual in a protein, shifts its
location in *H/*N (or 1H/13C) HSQC spectra as the ligand is added.

O [P]: concentration of protein

O [L]: concentration of ligand
Q [L]/[P]: ratio of ligand/protein — Column “Lt/Pt” in CSP Panel

15n_ububa2_spedra.2.ser
T=298 K

15N_Ub (wt) 0.5mM
Buffer 10mM KPi pH 6.8
tubo Smm
600ul 1

Ref. peak

F127.4

F127.6

¥ F127.8

F128.0

CSP path _128:6
Target peak i

F129.6

-129.8

T T T T T
9.50 9.45 9.40 9.35 9.30 9.25
f2 (ppm)

f1 (ppm)

Spectrum
1 . 15n_ububa?_spectra.2.ser

2 . 15n_ububal_spectra.24.ser
3 . 15n_ububal_spectra.26.ser
4 . 15n_ububal_spectra.28.ser
5 . 15n_ububal_spectra.30.ser
B . 15n_ububal_spectra.32.ser
7 . 15n_ububal_spectra.34.ser
2 . 15n_ububal_spectra.36.ser

9 . 15n_ububal_spectra.38.ser

Lt/Pt
0

0.25

0.5

1



O The chemical shift changes along the path from the ref. peak to target peak is

measured and normalized:

CSP (ppm) = V(F(H) - ASy)? + (F(N) - Ady)?)
or

CSP (ppm) = V(F(H) - ASy)? + (F(C) - Ad¢c)?)

By default: F(H) = 1; F(N) = 0.156; F(C) = 0.185. You can change the values in Settings.

ASy  Aby CSP
15n_ububa2_spedra.2.ser !
T=298 K
B o Spectrum Lt/Pt F1 (ppm) F2 (ppm) C5P (pprn)
tubo 5mm
P -1 [l 15n_ububa2 _spectra.2.ser 0 127.732 9.484 0
2 . 15n_ububal_spectra.24.ser 0.25 127.962 9,502 0.0399442
3 . 15n_ububal_spectra.26.ser 0.3 12819 9518 0.0794128
4 . 15n_ububal_spectra.28.ser 1 128.591 9.547 0.147956
e E 5 . 15n_ububa?_spectra.30.ser 2 129.066 9.581 0.229745
& . 15n_ububal spectra.3d.ser 3 129.319 9.602 0.274414
7 . 15n_ububal_spectra.3d.ser 5 129.499 9616 0.305498
g . 15n_ububal_spectra.3b.ser 7 129.565 9.620 0316772
ool | s | sobos ok | ok o4s o0  oss |9 . 15n_ububal_spectra,38.ser 9 129.600 9,621 0.321909
2 (ppm)




L The CPS values are plotted against the ratios of ligand/protein concentrations and
fit to a titration curve to determine the dissociation constant, K; and the fitting
error (o) according to

csp = “Tmai(1 4 ﬁ)+§—;)— (1+ g)+ﬁ)2—4(ﬁ)

Pr Pr Pr
Results: ] | I + X [ 2 [ =
General  Peaks  on-H [ unW[D oNHE  sawn[E) sen-n D eswn[E owe D) mbwoanw D] cdeb|
Annotation: [130-H | - (%8
|
15n_ububa2_spedtra.2.ser IKd: [395.53016 | o: [1a313422 |
=298 K F127.4
B N 5 Spectrum Lpt F1 (ppm) F2 (ppm) CSP (ppm)  Calculated CSP (ppm)
F127.6
Lo 1 Il 15n_ububa? spectra2ser 0 121732 9.484 0 0
i
y [127.8 2 [l 15n_ububa?_spectradser 025 127.962 9.502 0.0399442 0.0468975
t128.0 3 . 15n_ububa2_spectra.26.ser 0.5 128191 9518 0.0794188 0.0875407
1982 4 . 15n_ububa?_spectra.28.ser 1 128.591 9.547 0.147956 0.151321
5 . 15n_ububa?_spectra.30.ser 2 129.066 9.581 0.229745 0.227253
F128.4
P B . 15n_ububa2_spectra.32.ser 3 129.319 9.602 0274414 0.265845
£
16 g 7 [l 150 ububa2 spectra3dser 5 129.499 9,616 0305498 030194
p
2
S r128.8 8 . 15n_ububa2_spectra.36.ser 7 129.565 9.620 0.316772 0.318326
L129.0 ] . 15n_ububa_spectra38ser 9 129.600 9.621 0.32190% 0327563
F129.2 &
F129.4 ¥
L1206 0338
fF129.8 0243
-
A
T T T . . T . T T T H
9.70 9.65 9.60 9.55 9.50 2.45 9.40 9.35 930 9.25 S oaet
2 (ppm) &
1
0072
0016
. 20 45 7.0 54

Lt/Pt




O Multiple reference peaks can be tracked and K calculated for each of them.

O The average K, and standard deviation are automatically computed for them.

A4

15N_Ub (wt) 0.5mM
Buffer 10mM KPi pH 6.
tubo S5mm

600ul 1

Serie 16

122.0

F122.5

~123.0

F123.5

r124.0

124.5

~125.0

r125.5

T T T T T T T T T T

3.55 8.45 8.40 8.35 8.30 8.25 8.20 8.15 8.10 8.05 8.00
2 (ppm)

8.50

T

7.95

~126.0

Tip: Un-check the peaks that you don't want to be used for the
statistics analysis. The results will be automatically updated.

f1 (ppm)

s I 7 B [
General  Pezks  an-H ] aneH ] o] snen[D] aen- b
£ Ol E B 3

Peak Kd olKd) CSPMax o(CSP Max)
2 T1N-H 441,764 18.0262 0.168528 0.00171815
3 13N-H 399.453 14,3134 0.339911 0.00273213
4 A4N-H 357.353 15.8360 0177349 0.00174786
5 46MN-H 327.974 12.1341 0.139591 0.000704416
i} 68N-H 364,523 14.2341 0.219173  0.00146839
7 TOM-H 420.419 14.0237 0.307951 0.00210848
1 GN-H 383.71 11.9505 0.181504 0.000878667
8 Ala101N-H 219.705 512601 0.116205 0.000337167
10 Serie 10 340,146 19,9291 0.194521 0.00244017

1 371.154 14.1002|0.213022 | 0.00140321

12 Serie 12 2038.32 764204 0.104121  0.0014684

13 Sere 13 718.146 16,9375 0.112043 0.000638918

14 Serie 14 346,897 12,6331 0.229072 0.00167247

15 Serie 15 508.714 21.0739 0.247936 0.00196028

16 Serie 16 447,74 13.1083 0.610116 0.00368117

9 Serie 9 446.069 294601 0.0611427 0.00113123

—
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L Choose Advanced > Chemical Shift Perturbation to open the CSP Panel.

L Click Open and enter the relevant info files and Base directory (where the 2D
HSQC spectra are located). Click OK to start the auto processing.

= ation £
Titrations file: F/MestretabyProjacts/ Demo Date/CSP/CSP-UNIVR/ttration.bxt | Tt Titration fl | e
[P]uM 500
Ligands file: Fs/Mestrelab Projects/ Demo Data/CSP/CSP-UNIVR/ttraton.bd | | .. \
T EXPNO [L1/[7]
Peaks files E+/Mestrelab/Projects/Demo Data/CSP/CSP-UNIVR/peakistt | | .. *
{ REF
2 0.00

Base directory: isteer DaiafCSPfCSP-UNI\"RIubaubaZflSn_ububak_spectm |

Ligand file
L1l
/ - \\ I : =
8 500
o L2 ububa2l
/ Peaks file | | : 1o
14 2500

Lssignment wl w2 16 3500
18 4500
There are 17 2D . Lo 541 .
N-H . .
1 15 L2
H/ N HSQC 11N-H 121.582 T.150 24 125
spectrain the 13N-H 127.733 5.484 26 250
. _ 28 500
Base directory. 44N-H 122.410 5.051 2¢ o0
46M-H 133.093 §.545
They are used 68N-H 119.736 9.148 3 ooy
based on the TON-H 126.581 5.087 36 3500
info in the 38 4500
Titration file
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Q If you put multiple ligands in the Titration file, then they will be processed and
saved as multiple Mnova documents.

J Use the Document Menu to switch between the documents for details.

Spectra and
concentrations
for Ligand #1

Spectra and
- concentrations
for Ligand #2

Titration file
[B]uM 500
EXENO [L]1/[E]
REF
2 0.00
L1
4 125
6 250
a 500
10 1000
12 1500
14 2500
16 3500
18 4500
L2
24 125
26 250
28 500
20 1000
32 1500
34 2500
36 3500
3s 4500

Ligand file

L1l ububa

L2 ububal

Labels for all
ligands

g

Documents

=
=

Close
Close All
Tile
Cascade

MNext

Previous

1 C:/Mestrelab/Projects/Demo Data/C5P/CSP-UNIVR/LT.mnova™
2 C:/Mestrelaby/Projects/Demo Data/CSP/CSP-UNIVR/LZ. mnova™



O From the Peaks Tab in CSP Panel, double click on a row to switch to display its
details and zoom to that peak path in the spectra.

O Click on any peak top and drag to change the peak path. The CSP and Kd results

are updated automatically.

15n_ububa2_spectra.30.ser
T=29%8K

15N_Ub (wt) 0.5mM
Buffer 10mM KPi pH 6.8
tubo Smm

600u

25

Click and drag a
peak top to change
the peak path

r126.6

r16.8

r127.0

r127.2

1274

r127.6

r127.8

< [128.0

1282

ri28.4

r128.6

r128.8

r129.0

r129.2

r1294

r129.6

F129.8

r130.0

r130.2

r130.4

r130.6

r130.8

T T T T

LALLM A B B [ [ A B B B B A B B B

972 970 968 96 964 962 960 958 9f;6( )9.54 95 950 948 946 94 94 940 938
ppm)

1 (ppm)

L IEIE

Results: | L2
Genersl  Pesks  st-H[)  wuwn[D) onHE] swen D] senn [ eswn[D] 7onn [
Annotaticn: [L3NH | 2~ (98
Kl |3‘39.453016 | a: |14.313422 |
Spectrum Lt/Pt F1 (ppm) F2 (ppm) CSP (ppm) Calculated CSP (ppr]
1 . 15n_ububa2 spectra.2ser 0 127.732 9.434 1] 0
2 [l 15n_ububa2 spectra.2d.ser 025 127.962 9.502 0.0399442 0.0468973
3 [ 15n_ububa? spectra.26.ser 05 128191 9518 0.0794188 0.0875407
4 . 153n_ububal_spectra.28.ser 1 128,591 9.547 0.147956 0.151321
5 . 15n_ububa?_spectra.30.... 2 129.066 9.581 0.229745 0.227253
6 . 15n_ububal_spectra.32.ser 3 129.319 9.602 0.274414 0.265945
7 . 15n_ububal_spectra.34.ser 5 129.499 9.616 0.305408 030194
8 . 15n_ububa2_spectra.36.ser 7 129.565 9.620 0.316772 0.318326
] . 15n_ububal_spectra.38.ser 9 129.600 9.621 0.321909 0327363
< >
0.338
]
E
-3
2 pas1
&
g
0.072
-0.016
-0.5 20 4.5 7.0 9.4
Lt/ Pt



M

O You can enter the peaks in 3 ways:
O Select peak: click to select reference peaks in the stacked plot.

O Import spectrum peaks: do auto or manual peak picking in the reference spectrum first, and use those
as the reference peaks.

U Import peak list: Use peaks in a peak assignment table as reference peaks.

L Mnova CSP automatically track peaks across the titration spectra, and you can
manual correct the peak paths if necessary.

Chemical Shift Perturbation

g X
Results: | L2 | || x| | F
[General Pezks IN-H 11N-H 13N-H 44N-H 4EN-H EEN-H F0N-H
£ L3 | B = ®
£ Select peak Max o{CSP Max)

11 0.00278215

i Import spectrum peaks Fj?-% 0.00171815

Import peak list...




O We collaborate with AffiniMeter Inc. for ligand-protein binding studies.
L The CSP results can be sent to the AffiniMeter for further analysis.

O See for more details.
Results: | L2 - , [ * * AN [ =
General  Pesks  sw-H (] wnwH (D) onHE s send[D) eswn [ sonen [
Annotation: |130-H | -] (98
Kd: |399.45)D16 | o |14.313422 |
Spectrum Lt/Pt F1 (ppm) F2 (ppm) C5P (pprm) Calculated CSP (ppr
1 . 15n_ububa? spectralser 0 127.732 9.434 0 0 AFHNIMEER
2 . 15n_ububa2_spectra.24.ser  0.25 127.962 9.502 0.0399442 0.0468975
3 [l 15n_ububa2_spectradbser 0.5 128191 9.518 0.0794188 0.0875407
4 [ 15n_ububa? spectra.28ser 1 128.591 9.547 0.147956 0.151321
5 [l 15n_ububa2_spectra30.... 2 129.066 9.581 0.229745 0.227253
6 . 15n_ububa?_spectra3lser 3 129.319 9.602 0.274414 0.265945
7 . 15n_ububa?_spectraddser 3 129.499 9.616 0.305498 0.30194
8 . 15n_ububa2_spectra.36.ser 7 129.565 9.620 0.316772 0.318326
9 . 15n_ububa2_spectra.38ser 9 129.600 9.621 0.321900 0.327563
< >
0.338
- 0.245
E
3
S oast
&
v
0.072

-0.016
-05 20 4.5 70 2.4



https://www.affinimeter.com/
https://www.affinimeter.com/

M

* H-N HSQC titration spectra, 8 points for each ligand.

* Two ligands.




Conclusions
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MixDesign
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Batch Verify

ﬁ >
Batch processing, /, k
QC and solubility \\
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/
/‘4!“-\

f ["[")r

4

Chemical shift
perturbation
and K analysis

Screening
results for all
fragments and
targets

Efficient software tools
for processing, analysis
and management of NMR
data from almost every
stage of FBDD:

* library compounds QC,
solubility test, and
database management.

* Pooling fragments.

* Data processing for and
screening results.

* Titration spectra analysis.

* Datamining of screening
results in progress.



Structures &
spectra of
fragments

Batch Verify &
Batch gNMR

MixDesign
script

STD/T1p/wL/
'CPMG spectra

Screen

HSQC
Titration
spectra

Identity verification
and solubility test
results

list of mixtures
with least peak
overlap

Primary hits

Ky of monitored
peaks

* Flexible: use tools when
you need.

* Processing and peak
picking reference spectra
at each run - Not an
efficient way to manage
and reuse your reference
spectra.

* Results saved as flat files
- not efficient for info
management and data
mining.




N Acknowledgement

M Our collaborators

Pfizer (La Jolla): Jiangli Yan and Wei Wang
Novartis (Cambridge): Xiaolu Zhang and Jasna Fejzo

Novartis (Emeryville): Andreas Lingel and Alexandra Frommlet

T T T =

Abbvie: Andrew Petros and Andrew Namanja

M Developers and product managers at Mestrelab Research

¥ Chen Peng, Manuel Perez, and Silvia Mari
M Agustin Barba and Jose Garcia

M Carlos Cobas, Stan Sykora, Santi Dominguez

M Thank you for attending the webinar!
Questions?




